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INTRODUCTION

In the following chapters the theory of heat transfer is explained, the properties of materials
will be discussed, the influence of requirements as affecting materials and their application
will be presented. Complete understanding of these are essential to become a proficient
insulator. However, additional knowledge and skills are also necessary.

The training program has for its purpose the systematic training of craftsmen through a formal
program. In order to develop well-trained craftsmen, related instruction courses and work

experience are programmed for each trainee.

One of the instruction courses presented is this course "Insufation Application.” Two other
courses are required to provide the theory and knowledge necessary for insulation applicator
craftsmen. These are “Blueprint Reading and Sketching" and "Basic Mathematics. "

Some of the items covered in a course of Blueprint Reoding and Skefching are as follows:

I. Blueprint Reading

1.
2.

Meaning of standard drafting symbois
Types of lines

(center lines, visible lines, invisible lines, dimension lines, extension lines)

3.

Measuring ond use of scale, i.e.

1/4" = 10", 3/8" = 1'0" and 1/2" = 1'0"
Relation of plan and elevation views
Sections
Details

Reading and interpreting shop sketches

Il. Drawing

1.
2.
3.

Drawing to scale
Drawing plans, elevations, sections, details
Making field sketches

I1l.  Interpretations of Drawings and Specifications

I.
2.

Read and interpret specification

Read and interpret fabrication manual

3. Make moterial take offs

UCC 002607
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Under "Basic Mathematics"

). Bosic arithmetic

Il. Conversion of fractions to decimals and reverse
1. Use of simple formulas
IV. Geometric Math

1. Angles, plones
2. Geometric figures

3. Calculation of areas, surfaces, etc.

In addition to the knowledge of these subjects, it is equally important to develop the
skill of workmanship. This can only be accomplished by practice,doing a specific job
or operation.

To illustrate this point, consider a tight wire acrobat. We all know that an acrobat
maintains his balance by the skillful changing of his weight above the wire. [n spite

of this common knowledge few become skilled enough to accomplish this feat. Basically
this is because few take the necessary time to proctice to develop such a skill.

In similar manner, to become a skilled craftsman requires practice. To provide the
practice needed by o trainee to become efficient in all phases of insulation application,
the shop and field training program was developed. The shop and field training program
attempts toprovide sufficient time in each aspect of the craft so that the trainee has a
broad knowledge and a skill for the entire craft. The shop aond field training program
attempts to provide each trainee with the opportunity to gain experience in olf

aspects of his trode. A summarization of what this includes follows:

Phases of Field Training of Insulation Craft

}. -Use and Maintenance of Tools

A. Hand tools
B. Power tools

C. Riggings

UCC 002608
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Phases of Field Troining of Insulation Craft - Contd

.

Use of Insulation Specifications, Schedules, Bills of Materiol and Drawings

A. Thermal Insulation Specifications

1. General Specifications
2. Material Specifications

3. Individual Specifications
B. Bills of Material

1. Insulation
2. Securements

3. Accessories
4. Weather Barrier or Jackets

C. Insulation Schedules for Equipment and Pipe

Identification
Location
Speci fication

Thickness

W -

Orgonization of Work

A. Tools required
B. Materials required
C. Procurement of tools and materials

1. Job Site
2. Storage

3. Point of installation

D. Work

1. Function

2. Time

UCC 002609
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Phases of Field Training of Insulation Craft - Contd

The previous is common to all of the insulators craft. However, over the past years
some insulators have become shopmen whereas others became the field applicators.

As there is considerable difference in the type of work performed, the training for each
is different. As the shopmen fabricate the fittings and special shapes prior to its
installation, this part of the insulation training program will be presented first,

Training of Insulation Shopmen

IV. Forming
1. Bond sow operation
2. Grinding operation
V. Assembly
1. Low temperature service
2. Moderate and high temperature service
3. Traced service
VI. Finishes and [dc kets
1. Spray finishing
2. Jacket forming and attachment
VIl.  Packaging and marketing
IIl.  Safety practices

IX. . Field application

uCcC 002610
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Phases of Field Training of Insulation Craft - Contd

Training of Insulation Applicators

X.

Installation of insulotion to high temperature surfaces

1. Rigid insulation

a.

b.

f.

Cushion blanket (where required)

Cutting ond fitting

. Securement and supports

Expansion joints

. Weather barrier

(1) Mastic
(2) Metal jocket
(3) Floshings

Coverings

2. Sprayed usbestos insulation

a.
b.
c.
d.

e.

Securements and supports
Machine operation

Spray gun operation
Consolidation

Finish

f. Weather barrier

(1) Mastic
(2) Metol jacker

(3) Flashings

UCC 002611
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Phases of Field Training of Insulation Craft - Contd 1
Troining of Insulation Applicators - Contd
3. Panel insulation (factor jacketed panels) '
a. Cutting and fitting 1
b. Securement and support
c. Joints (weather tight) .
4. Heat traced installation t
a. Application of tracer n
(1) Air convection system -
(2) High conduction cement bonded L
b. Application of insulation y

{Same as listed under X-1)
X1. Installation of insulation to moderate temperature surfaces
1. Rigid insuﬁ:ﬂon
a. Cutting and fitting

b. Securement

— r— r— "

c. Weather-barrier
(1) Mastic
(2) Jacket
2. Flexible insulation
a. Cutting ond fitting

b. Securement

UCC 002612 ;
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INTRODUCTION

Phases of Field Training of Insulation Craft ~ Contd

Training of Insulation Applicators - Contd

3. Sprayed urethane insulation

a.
b.

C.

Maochine operation
Spray operatfion

Weather barrier

4. Heat troced installation

a.

b.

Application of tracer

(1) Air convection system

(2) High conductive cement system
Application of insulation

(Same as X1-1)

XU. Installation of insulation to low temperature surfaces

1. Rigid insulation

Cushion blanket

- Cutting and fitting

Anti-abrosive coating

. Joint sealing

- Securement and supports
. Contraction joints

. Terminations

. Weather barriers

UCC 002613
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Phases of Field Training of Insulation Craft ~ Contd

INTRODUCTION

Training of Insulation Applicators - Contd

2. Fill type insulation
a. Double woll container
b. Compacting
c. Purging system
d. Seol
XHI. Underground insulation
1. Steel conduit, pre-insulated
2. PVC conduit, pre-insulated
3. Bituminous Fill
XIV. Building Insulation
1. Walls, roofs and floors
2. Air conditioning ducts

XV. Space Insulation

1. Coolers and refrigerated spaces

2. Constant temperature and humidity spaces

{VI. . Shop fabrication of Insulation

In all work it is vital that each one learn to perform his work safely and be familiar
with the hazards related both to his work and his environment. These sofety considera-

tions include:

i. General safety consideration related to construction
H. The safety considerations related to work in @ chemical plant

1. Specific hozards related to the insulation craft.

UCC 002614
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By the use of this manual to provide information and the field experience to provide
practice of skills,it is the sincere desire that the trainees become fine and safe workmen

who take justifiable pride in their craft,

W. C. Turner
April 1970
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HISTORY OF THE INSULATION INDUSTRY

Thermal insulation was one of man's earliest inventions, He found that by

covering himself with dried animal skins he could retard the heat loss from his body
and could stay warmer in cold weather. Later he learned to weave cloth to enclose
his body to obtain the comfort he desired. As time passed, the wearing of clothes
became so accepted that the fundomental purpose =~ as therma! insulation -~ became
of less significance. Further development by man of his invention of thermal
insulation made this true.

At a very early oge mon discovered he could use fire to his advantage -=- to cook
food and to provide heat to make him more comfortable. He found that by putting
rocks around a fire he could better control the fire and direct heat toward the
food he was cooking. These simple rock enclosures he built around his fire were
thermal insulation although, of course, he did not have them so named.

Later he found that by building a larger enclosure of sufficient size to house both
him and the fire he would stay more comfortable than if the fire was just out in the
open. . This simple enclosure wos the beginning of the building of better enclosures
from which has evolved our present day buildings and homes. Agcin we tend to
forget that these buildings are thermal insulation type enclosures by which we
isolate ourselves from weather and maintain the temperature inside for our comfort.

As tends to be true of many old basic fundamentals, the importance begins to be lost
with passing of time. The use of thermal insulation as clothes and as enclosures
(houses, buildings) became universally used and accepted and further development
stopped for many years, Not until the invention of the steam engine did the need
for additioncl development of thermal insulation become apparent,

In the early days of the steam engine when temperatures and pressures were low,
caoal cheap and plentiful, any old thing was used to cover the pipes. In one steam~
boat installation, for instance, it was found very economical to use old carpet from
the saloon, which at that very time was being replaced by a new Brussels rug;

thus, the old one, when used for pipe covering, was so much salvage. This was in
1858. Other mixtures were clay and cattle hair or other binding material; fire clay,
charcoal and sawdust, ground fine, mixed with water, and cattle hair for a binder.
Hoir felt was used extensively, and one of the favorite binders was cattails.

For boilers, plastic materials were used as early as 1865, but asbestos was not known
in the business. One of the first installations of cement covering consisted of a layer
of plaster of paris, covered with chicken wire, then a layer of fire clay held in place
with chicken wire, the finishing being done with sand and plaster of paris.

UCC 002616
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HISTORY OF THE INSULATION INDUSTRY

The indifference with which pipes were covered or left uncovered was traceable, of
course, to the fact that the pressures were too low to prove troublesome, and also
because little attention was paid to the conservation of heat or the soving of coal in
those early days. In fact, it was considered more important to keep the heat out of
the engine room than in the pipes. Appearance was also more important than either
the conserving of coal or heat, if we are to believe the story told of the salesman who
approached o quite noted engineer in New York and endeavored to sell him covering
for the pipes of a fairly large job. "Why should we cover the pipes,” said the

engineer, they are very nicely painted.”

As steam power began to make its importonce felt in transportation and industry,

it became necessary to control the heat loss from the pipe and equipment. A number
of individuals recognized this problem and started to develop thermal insulation

first for steam pipes and boilers then for the control of heat transfer in process
industries, refrigeration industry, buildings and transportation. As would be expected,
development started and continued for long periods in the various forms of insulation
materials, To try to givea history of the entire industry based on time would be quite
confusing. So this history is presented based on the development of a material or
related class of materials.

ASBESTOS AND 80% MAGNESIA

The first insulation containing asbestos was used in 1866, in @ material made by

Robert F. Toope, and consisted of asbestos fiber and silicate of soda. Curiously
enough this same insulation was also the first sectional insulation material to be made.
Mr. Toope's place of business was on E. 7%9th Street, New York City, and he sold his
patent rights in the United States to the Johns Company (now Johns=Manville).

The first asbestos cement for use on boilers was tried about 1870, and contained 5%
of asbestos fiber. It was made by the Chalmers-Spence Company at the foot of

E. 9th Street, New York City. Magnesia Sectional Covering appeared in 1885 while
the first asbestos aircell covering was produced in Brooklyn in 1898.

The discovery of the heat insulating properties of magnesia carbonate is credited to

Hirom N. Hanmore, who had been in the pipe covering business for many years in

@ minor way. He was troubled with what the doctors then called a sour stomach and
was recommended to carry with him a little piece of carbonate of magnesia and eat

a small piece of it when he felt that his stomach was out of order. One night while

UCC 002617
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ASBESTOS AND 80% MAGNESIA - Contd

sitting in o barroom in the coal mining region of Pennsylvania where he had a big job on hand,
he took the magnesia from his pocket and while toying with it suddently realized its lightness,
indicating to him that it might moke a good non-conductor of heat. He walked over to the
stove, which was very hot, and laid the piece of magnesia on the top. At the end of ten
minutes he picked it up and finding it was practically cool, remorked, "This is going to
revolutionize the pipe covering business.” Some tell the story differently, but there is

little doubt that Honmore got the idea of its insulating qualities from the very light weight

in proportion to the bulk of mognesio carbonate, and there is no doubt at all that his discovery
did revolutionize the insulation business.

Hanmore found that the Keasbey and Mattison Company made carbonate of magnesic, and
bought a quantity in order to experiment with it as a substitute for the plaster of paris he
was using in his cement. His first patent covered a non-heat~conducting covering made of
magnesia and shredded rope. He found it very hard work, however, to chop up the second
hand ship's rope, and also a very slow process. At that time he did not use enough of it to
warrant putting in a machine to chew up the rope. So he tried out sitk rioils and found that
these gave the mixture more strength than the rope. (Noils —- waste silk produced in the
production of spun silk.)

About this time someone toid Dr. Mattison of the large orders for carbonate of magnesia
coming from Mr. Hanmore. Yhen one of Mr. Hanmore's workmen drove up to the Keasbey
and Mattison Company's plant and asked for 1000 pounds of magnesia carbonate, the shipping
clerk was astounded os the largest orders previously had been for a keg containing 30 pounds
or sometimes a barrel of 60 pounds, but since the mon had cosh to pay for it, the men in the
shipping deportment got busy and packed up as much as they had on hand which was about
500 pounds. Mr. Hanmore's man said he would call the next day for the balance. When he
came back he said he needed five tons. The shipping clerk could hardly believe that he had
heard correctly. "Do you know how much a ton of this stuff is?" he demanded. "Why you
couldn’t begin to get it in your wagon." The mon said he did know and would make several
trips to get the full amount, which he did, paying cash each time. The clerk finally asked
him what in the world he was doing with the stuff, and was told that Mr. Hanmore had patented
the_idea of using carbonate of magnesia as o pipe covering and was at that time covering the
pipes of Uncle Sam's Navy vessels which then lay in the Philadelphia Navy Yard.

This being a new idea it was promptly brought fo the attention of Dr. Mattison with the final
result that an arrangement was made with Mr. Hanmore for the manufacture of the covering.

UCC 002618
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ASBESTOS AND 80% MAGNESIA ~ Contd

At that time the magnesia mixed with silk noils was simply put on the pipe ina
plastic form but shortly afterwards Dr. Mattison took over the manufacture of the
material, he formed the Magnesia Sectional Covering Company then molds were made
for forming the mass into sections and blocks. Dr. Mattison, who had long been
interested in asbestos as a mineral, suggested the use of the asbestos fiber instead

of silk noils because the asbestos was fireproof, but it is not certain just when the
change from silk noils to asbestos was made.

The present Johns-Manville Corporation traces its origin to 1858, when H. W. Johns,
roofing manufacturer and founder of the asbestos industry, started out as a jobber and
menufacturer in a small basement shop at .78 William Street, New York City, under
the name of the H. W. Johns Manufacturing Company.

His first business was the production of a roofing made from rag felt and coal tar,
together wih paints and coatings for roofs and for preserving wood, metals and fabrics.

in 1868, the H. W. Johns Manufacturing Company first made known the results of
long and continued research and experiment with asbestos fibers, and began the
manufacture of numerous products composed wholly or in part of asbestos fibers,
many of which came to be recognized as standard articles for mechanical,
structural and electrical uses.

By 1886, there were four departments in the company, Paints, Roofing, Insulations,
and Asbestos Fiberizing and Textiles.

While Mr. Johns was carrying on his experiments with asbestos, Charles B. Manville
and his three sons were pioneering in other industrial fields and in 1886, they founded
the Manville Covering Company in Milwaukee, Wisconsin. The early days of the
Manville Company were largely occupied in determining the best materials for
covering boilers and steom pipes. Mixtures of paper pulp and blue clay, common in
the vicinity of Milwaukee, were tried successfully. Later, wool felt shoddy was
used as a binder in the clay, instead of poper pulp, and failure from controction

and expansion of the metal surfaces as well as loss of temperature was considerably
lessened. {Shoddy -- reclaimed wool.)

Since production methods in industry were rapidly chonging, corresponding demand
for higher temperature insulations resulted. This fed to an arrangement by which the
Manvifle Covering took over the H. W. Johns Manufacturing Compony branch in
Chicago, handling the rapidly developing asbestos products for high temperature
insulotions.

UCC 002619
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ASBESTOS AND 80% MAGNESIA

Mr. Johns died in 1898, and three years later, in 1901, the Manville Covering
Company of Milwaukee, in business since 1886, was merged with the H. W. Johns
Manufacturing Company of New York, taking the firm nome of H. W. Johns Manville
Company. From the H. W. Johns-Manville Company the present Johns=Manville
Corporation inherited the line of insulating cements, asbestos and asphalt roofings,
asbestos paper, high and low temperature insulations and other speciolities. When

T. F. Manville, President, died in 1925, the company began a transition from limited
to widespread public ownership, and in {927, became known as Johns-Manville
Corporation.

MINERAL WOOL

Mineral wool was first produced by nature during an eruption of the volcano of
Kilaueo, which notive Hawaiian legend explained was the goddess, Pele, holding
court, After the crater had cooled, natives would venture up the mountain and
collect strands of wool-like substance which they reverenced as " Pele’s Hair,”
thought to have been torn out by the goddess in @ rage. Geological survey revealed
this substance to be lava, blown into soft threads by the gigantic forces of the
volcano.

Mineral wool from blast furnace slag is supposed to have been in commercial

production in Wales in 1840, and in Germany as early as 1870. Here in the United
States production started in 1897, As far as the United States is concerned, experimental
work was corried on several years before this commercial production date.

A patent issued August 21, 1877, describes the fobrication of bonded preducts from
bulk mineral wool using a bituminous binder. This patent might be considered the
forerunner of current batt and felt production as we know it today. A patent issued
August 7, 1883, describes a thermal insulating cement composed of mineral wool,
clay to give binding action and the addition of animal hair.

Mineral wool insulation in block form was first described in a patent issued July 10,
1888. These blocks were made from mineral wool fiber that was dispersed in water and
formed in a filter mold to remove the water, followed by a drying of the wet block.

Mr. Charles C. Hall, founder of the commercial rock wool industry, moved to

Alexandria, Indiana, in 1895 from Belleville, lllinois, to become Superintendent of
Construction of a small steel plant then being built in Alexandria. The steel plant was

UCC 002620
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MINERAL WOOL - Contd

completed and ready for operation in the fall of 1896, but never operated because it
was merged with other steel interests to form the original Republic Steel Company.

Mr, Hall was a graduate chemical engineer from Worcester Polytechnic in the class
of 1882. He had access to the chemistry laboratory of the steel plant and while the
steel merger was pending his duties as Superintendent were so light that he utilized
his time in making chemical analyses. Among the many things he tested was the
peculiar formation of argilloceous limestone which was quarried in large quantities
in Alexandria and used as building foundation stone.

Mr. Holl's chemical analysis of this limestone showed that it had a low melting
point and possessed a vary stable chemical composition before and after melting.

He conceived of melting this rock in a furnace with heat supplied by gas, which was
then abundant in Alexandria, and blowing the molten rock into rock wool by means
of compressed air. He developed the process successfully then laid it aside. About
six months after the merger of the steel interests, it was decided to move the steel
plant from Alexandria. Mr. Half did not care to leave Alexandria, so he turned to
the jobof making rock wool in commercial quantities.

In the spring of 1897, Mr. Hall borrowed $600 and built the original commercial rock
wool plant. About $500 of the capital went toward building the furnace in which the
rock had to be melted. The other $100 was spent erecting the make-shift building
which housed the furnace. Early in November, 1897, the first run of commercial rock
wool came out of the factory. Due to his limited working capital it was quite a struggle
for Mr. Hall to keep the plant in operation, but by borrowing additional capital

and selling out some interests in his compony, managed to keep the plant on a

profitable basis,

About the time he had the gas furnace operating effectively, the supply of natural

gas at Alexandria gave out and he was faced with the problem of melting rock with

a different type of fuel. Mr. Hall then developed the water-jacketed cupola using coke
to obtain the necessary temperature. This is the method used in almost all rock wool
manufacturing plants,

Since 1897, there were several corporations in which Mr. Hall was interested, that
have manufactured rock wool at Alexandria. The last one, before Johns-Manville, was
the Banner Rock Products Corporation organized in 1906. This corporation was acquired
by Johns-Manville on February 1, 1929,
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About this time, it became known that slags from the refining of non-ferrous metal
would result in a suitable product. The resulting mineral wools were dark in coler in
contrast to the whiteness of the rock wools of the lime, andalso the whiteness of the
wools made from iron blast furnace slag. The dark wools, however, had the advantage
of providing @ composition that was more refractory and showed greater chemical
stability. Eagle-Picher, due to their past experience in the smelting of leod and
zinc ores, looked to these waste materials as a source of income and started investi=
gating the possibility of using their waste products to make mineral wool in 1927,
Actual commercial Eagle-Picher production started in December of 1929, and by the
end of 1930, had in production almost a full line of mineral wool products in the
forms that they are known today.

C OR K P

The first mention of the use of cork as insulation appears to be by the elder Pliny

in the first century of the Christian era, when he called attention to its use by women as
winter footgear. Undoubtedly, it was utilized as sandals because of its insulating
qualities and its freedom from capillarity. Pliny spoke of cork bark being used as a
covering for roofs. John Evelyn, the English writer and diarist (1620-1706), mentions
that cork was much used by old people for linings to the soles of their shoes. The poor
of Spain laid planks of cork on the floor like tiles, to obviate the need for a floor
covering that would be warm to the touch. They also lined the inside of their stone
houses with cork bark, to make their homes easier to heat and fo correct the precipitation
of moisture on the walls. The primitive races of northern Africa used cork mixed with
clay for the walls of their crude dwellings, and cork slabs as roof tiles.

About the year 1890, the German firm of Grunzweig and Hartmann acquired patents in
Germany and in the United States for o type of insulation known as "impregnated
corkboard, " and soon became the leaders in their own country in the manufacture of
these " impregnated" cork slabs for insulating purposes, particularly for cold storage
work. The United States patent rights for this new type of insulation were subsequently
acquired by the Armstrong Cork Company of Pittsburgh, about the year 1900, following
which a plant for its manufacture was established at Beaver Falls, Pennsylvania. This
location was selected principally because the necessary clay for the preparation

of the foreign binder to stick the granules of cork together was available there in
generous quantity and at a point not far from Pittsburgh.
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CORK - Contd

The business grew ropidly, especially among the brewers, for the insulation of their
cellars; but it was soon discovered that this impregnated corkboard was inferior in
insulating quality, and in structural strength in service to a brand of "pure" corkboard
being made under the patents of one John T. Smith, on American, ond subsequently

the manufacture and use of the impregnated, or "composition”, corkboard gave way
entirely to the pure corkboard insulation. The manufocture of pure cork insulation

was begun in 1893, in the United States, under the original John T. Smith patents

by Messrs.Stone ond Duryee. Cork covering was produced first, and then the manufacture

of pure corkboard followed within a very few years.

It is interesting to know that the discovery of the process of baking cork particles under
pressure to bind them together, which later made pure cork insulation possible, was
purely an accident; the process was not thought of in connection with cork covering
and corkboard until Messrs.Stone and Duryee later applied it to that purpose.

In the "Boat Works” of John T, Smith on lower South Street, on the East River, in
New York, was a large cost- iron kettle with a fire box under it. The kettle was

used to steam oak framing for row boots that Smith monufactured there for many years,
He also produced boat fenders, life preservers and ring buoys, in the manner common
in those days, by pocking granuloted cork in canvas jackets. Girls packed the cork
in these jackets, using tin forms or cylinders to keep the canvas distended until filled.
One of these cylinders became clogged in the hands of one of Smith's employees and
was laid aside for the moment, but it inadvertently rolled into the dying embers of

the fire box during clean-up late that evening. Early the next morning, Smith, owner
ond fireman, cleaned out the fire box and found his misplaced utensil. However, the
hot ashes had not consumed the cork particles that had clogged it. The heat had been
sufficient merely to bind the mass together in the form of a very substantial chocolate-
brown cork cylinder.

Smith noted this peculiar fact with much interest, if not with actual astonishment, and
put the tin form and cork cylinder aside for future secret study and an investigation. He
repeated the original and wholly unintentional experiment enough times to satisfy
himself that for some good reason a certain degree of heat applied for a length of

time served to glue cork particles together without the addkion of a foreign substance

or binder of any kind or character, to produce what he later termed " Smith’s Con-
solidated Cork." He thereupon applied for and wos gronted basic patents in the

United States, Germany, France, and England, covering the broad principles involved.
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in 1893, Messrs, Stone and Duryee purchased the Smith patent rights for the

United States, France, and England, and began the manufacture, at No. 184

North Eighth Street, Brooklyn, New York, of asbestos-lined cork covering for

steam pipes. This suggestion probably came to Junius H. Stone, who had previously
been engaged in the steam pipe covering business, from the original Smith cork
cylinder, which, incidentally, Smith had failed to utilize to any good purpose what-
ever. Not long thereafter the patent rights on "85%magnesia™ steam pipe covering
expired, and the resultant competition so reduced prices as to seriously interfere with
the further sale of the cork prodwct,

Then the Engineering Deportment of the United States Navy became interested in
molded cork covering for cold pipes, to replace hoir felt and such other fibrous
materials as possessed a morked affinity for moisture. It was subsequently tried out
as an insulation for brine lines on one of the large battleships being built. From here
the material rapidly found favor in other governmental departments, Thus the real
field of usefulness of Smith's Consolidated Cork —= as an insulating material for

cold surfaces -~ was discovered. Soon thereafter, the firm of Stone and Duryee
began the manufacture of the very first pure corkboard that was ever produced, sold,
or used,

Mr. Harvey H. Duryee, of the firm Stone and Duryee, was of French Hugenot descent,
and it please him to designate the preducts of his firm " Nonpareil,” from the French
words "non pareil,” meaning no parallel, or no equal. The firm of Stone and Duryee
subsequently became the Nonpareil Cork Works, and with the construction of a

factory at Camden, New Jersy, it became the Nonpareil Cork Manufacturing Company .

In June, 1904, the Armstrong Cork Company purchased the patents, plant and
business of the Nonpareil Cork Manufacturing Company. By the time the patents
expired, both pure corkboard insulation and cork pipe covering were known wherever
the use of refrigeration had been scientifically introduced.

DIATOMACEOQOUS SILICA

For high temperature service, an insulating material to be of value must not only
have a low conductivity, but also a high degree of refractoriness, a quality not
ordinarily found in insulating materials. Less than forty-five years ago, there was no
material available that possessed sufficient refractoriness to be of use in the high
temperature ranges.
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DIATOMACEQUS SILICA - Contd

At that time, with no suitabie insulation available, the loss of valuable heat used
in certain processes in manufacturing steel and metal products, glass, portland
cement and lime, brick, tile and pottery was tremendous. Attempts were made
to curtail this loss by building fumace walls of brick several feet thick. This
method was unsatisfactory because construction costs were exceedingly high,

ond such walls scaked up heat like a sponge, thus robbing the furnace of heat.

In 1912, a new insulation was put on the market by the Celite Company. Composed
of diatomaceous silica, it made available an insulation suitable for use at high
temperatures, Diatomaceous silica is silica shells or skeletons of "diatoms™ ~-
microscopic plants which lived in the rolling waters that swept over what is now
Californio millions of years ago. Upon its death this minute organism sank to the
ocean floor, leaving as its only trace o silica shell built up during its life. Countless
billions of other diatoms lived and died in these same waters and their tiny skeletons
piled up in layer after layer, during some thirty thousand years, to form huge

deposits of almost pure silica more than 1400 feet in thickness.

Brick cut from these deposits contains myriads of tiny voids formed by these minute
diatom skeletons. These voids represent as much as 85%of the volume of the brick.
Thus loss of heat by conduction is reduced because of the small proportion of solid
material present. In the manufacture of insulating brick for use at higher
temperctures, this material is ground, pugged, pressed and fired in kilns. Calcined
ground grades are used as an insulating conrete aggregate and as insulating fills,

Diotomaceous silica can only be prepared in brick or powder form; therefore, in

order to extend its range of usefulness it is necessary to combine it with other
materials such as asbestos,

STRUCTURAL INSULATING BOARD

The first structural insulating board was manufactured in 1914, at International Falls,
Minnesota, by the Minnesota and Ontario Paper Company. The product called
insulite was made from ground wood and sulphite screenings. About the same time,
in Penetaguishene, Ontario, ¢ product called Ten-Test was made from coarse brown
pulp and is now being produced by International Fiberboard Limited at Gotineau,
Quebec. In 1915, the production of structura! insulating board wos approximately
2,750,000 square feet on a % inch thickness basis,
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In 1920, the Celotex Corporation at Marrero, Louisiana, started producing
structural insulating board from sugar cane fiber called bagasse. The industry grew
ropidly thereafter, and in 1955, there were 16 companies with 20 plants in the
United States and 4 companies with 4 plants in Canada producing 3,280, 000 square
feet on a 3 inch thickness basis.

In the early days, structural insulating board was primarily one product being cut to
size for various uses. It was first used to form partitions in buildings and in 1916,
was used extensively in railroad refrigerator cars. During the First World War, the
Army used large quantities to build barracks. In 1218, it was fabricated into
insulating lath used in home building. By 1920, insulating board was being used
extensively in home building and remodeling. In 1927, the automobile industry
begon to use it as a means of quieting automobllebodies. The following year it was
used as an insulation in mechanicol refrigerators, Also in that year it was used in
the building of Holywood sound stoges with the development of sound movies.

In 1929, it was used by Admiral Byrd on his Antarctic expedition as part of portable
housing. In 1930, the aviation industry used it for sound deadening as did a large

roifroad in 1934,

Roof insulation wos developed as a special product in 1928, and the first ceiling

tile was fabricated in the lote 20°s. In the late 30's, plank, thin board, and shecthing
were special ly fabricated. In 1948, the board was fabricated into insulating roof
deck slab used in post-and-beam construction. In 1950, shingle backer was developed
which is used for undercoursing, wood shake or asbestos cement shingles.

METAL TYPE REFLECTIVE INSULATION

About the year 1800, history tells us that Count Benjamin Thompson Rumford, in
England, conducted experiments in calorimeters which were polished metal containers
to reduce the heat transfer to the surroundings. Likewise, James Prescott

Joule, also in England, used polished metal calorimeters for his experiments. From
this information, it is evident that these physicists recognized the effectiveness of

a bright metallic surface as a barrier to heat transfer.

in 1878, Jean Claude Peclet, in France, recognized the excellent insulating value

of muitiple sheets of tin separated by air spaces, ond publicized it in his book,
"Traite' de ia Chaleur.”
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However, credit for the first invention of reflective insulation having commercial
significance must go to Sir James Dewar. In 1885, he conceived the " Dewar Flask,"
which is now known as the "Thermos" Bottle, Millions of " Thermos" Bottles are in
daily use in the United States today. This invention employs two parallel heat
reflective surfaces with a vacuum, i.e., a non-conductive space -~ between them.

Forty years later, in 1925, Emst Schmidt and Edvard Dyckerhoff discovered that a
number of crumpled tissue~thick aluminum foils separated by air spaces would
insulate effectively == without a vacuum. Furthermore, oluminum was now cheap
enough to use for such a purpose. Hence, from this time on, substantiol quontities
of insulating materials of this type were manufactured and sold in Europe and the
United States, principally for insulating houses and buildings. Such o product
having substantial commercial use in this country was sold under the trade name

"Alfol."

I the second "World War," around 1943, the Germans used layers of tissue-thick
al uminum foil insulotion on steam lines of the pocket battleship "Deutchland.”

The U. S, Navy subsequently obtained o piece of this insulation which had been in
service for approximately 6 months. This piece was place on exhibit at the U, 5,
Naval Esperiment Station, Annapolis, Maryland. It had opparently served its
purpose as effective insulation, when new. Yet, in its short service life, the foil
had become badly corroded oway by the sea air, with holes big enough to put a
man's hand clear through the insulation. Obviously , its value as insulation had
been reduced.

In the United States, during the "forties" a number of cold storage plants were built
in which the walls were insulated by a field-fabricated assembly of aluminum sheets
separated by wooden spacer strips. This construction was sold under the trade name
"Alumiseal."

However, the first significant reflective insulation for power and industrial plants
was invented in 1949, In that year, George E. Gronemeyer, a U,S, Consulting
Engineer, applied for patents on a new conept of reflective insulation for hot or cold
service. This invention employed multiple sheets of reflective metal, such as
aluminum  separated by confined air spaces, supported by non-metal low-heat-
conductor material, and prefabricated into rigid insulation units, This product was
manufactured and sold to industry from 1949-1953. However, it was found to be
limited in application and temperature range due to the non-metal spacer material,
Union Carbide Corporation was the first large industrial concern to use this
insulation.
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Then, in 1955, George E. Gronemeyer made a mojor break~through in reflective
insulation. He, at thet time, placed on the market a more advanced concept of
reflective insulation, suitable for heavy duty use in power and industrial plants.
This invention employed multiple sheets of reflective metal separated by confined
air spaces, supported by metal high~heat-conductor material, and prefabricated into
rigid insulation units. Heat loss through the metallic supports was limited by an
ingenious construction to the point that the all-metal insulation was more effective
than conventional "mass-type" insulation. This sturdy structure overcame the
limitations of his earlier invention.

This product is patented, and is sold under the trade name "M IRROR(R) Insulation.”
It is foctory prefabricated into units, or assemblies of units, to fit nuclear reactors,
large and smalil vessels, pipes, ells, tees, valves, etc. However, this insulation

is not sold as insulating material but as a system, engineered to fit the piping and
equipment involved, with due allowance for exponsion and contraction.

This insulation has been and is being installed in most of the large nuclear power
plants in the United States and abroad. It is in current usage at temperatures up to
1400°F and is available for higher temperatures. Industrially, again, Union Carbide
Corporation has led the way by making extensive use of this development in its
plants.

MIRROR has a unique combination of product characteristics which is not available
in mass-type insulations. Being of all-metal construction, it is highly fire~resistant,
clean, dustless, non-absorbent, chemically neutral, mechanically strong, durable,
and mointenance-free. Furthermore, all insulation units are removable and reusable.

This insulation has filled the need for dependable performance in continuous power
and process service, year after year. Thus, it has achieved a leading position in the
market for thermal insulation in the United Stotes, and is presently expanding into
foreign markets.

EXPANDED SILICA INSULATION

The Philip Carey Corporation started in the manufacture of 80% magnesia molded

pipe insulation in 1904, In the early 1950's, Carey, in conjunction with the Mellon
Institute, developed a formula to produce expanded silica (Perlite) as a base material
for rigid high temperature pipe and block insulation. This material was introduced on

(R) Registered in the United States Potent Office
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the market under the tradename "Alltemp" in 1954. Improvements were made to the original
product, the major improvement being that the material was made water repetlent.
This new product was nomed " Careytemp” and was put into production in 1958,

Perlite in loose form has become an extremely useful insulation, as a poured-in=
place insulation. It can be used as o high temperature insulation up to service
temperatures of 1400F, and it can also be used for low temperature service when

. ' installed in vapor-tight container.

CELLULAR GLASS

Bosic cellular glass patents date from 1934-1938 by St. Gabain in Fren ce.
Pittsburgh Plate Glass and Pittsburgh Corning Corporation research in cellular glass

started in 1937.

After material had been developed successfully in the laboratory, the question arose
as to what to do with it. Market research revealed o need for o material of this
type for use in curtain walf construction, refrigerating equipment, railroad and
refrigerator cars, insulated truck bodies, marine field, and the cold storage field,

A pilot plant for cellular glass was started in June 1941, using glass cullet from the

N gloss block tank and lompblack. Actual manufacturing at Port Allegany, Pennsyivania,
commenced June 29, 1942, using the same batch as the pilot plant used. In June
1943, batch cullet glass from Corning's Wellsboro Plant was used with lampblack

- until November 1943, then carbon black was used.

During the fc& r port of 1947, a special field survey was made of some of the
- FOAMGLAS '/ installations subjected to severe conditions, e.g., pulp mills,
tobacco curing rooms, and dry kilns. As a result of this survey, the basic composition
of the batch glass was altered from regular soda-lime batch to a modified boro-
stlicate type to obtain better durability. This change occurred in January 1948, and
is still the type batch used today. Modern FOAMGLAS R) is 8 to 10 times as durcble
as the original,

The big improvement in therma! conductivity values of FOAMGLAS(R) took place by
the first of 1951, at which time the density was changed from an average of about 10
pounds per cubic foot to around 9 pounds. This, coupled with a stabilization of the
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cell gases, brought the actual thermal conductivity value of FOAMGLAS(R) from about
.42 to .38 at a mean temperature of 50°C. Further research and refinements have
brought the conductivity value of today's material down to .35 at a mean of 50°F,

POLYSTYRENE INSULATION

STYROFOAM(R) » polystyrene expanded by the Dow Chemical Company, was first

produced in research laboratories in Midland, Michigan, in the early 1940's,

Basically this moterial is comprised of @ system of non-interconnected cells providing

numerous, minute air spaces. The extremely light weight of cellular polystyrene plus

its sealed cell system immediately suggested it as a buoyance agent. Since at that )
time World War il was imminent, the material was brought to the attention of the —
Armed Forces witi!: " s suggested use in mind. It proved of value to various branches—

of the Armed Ser-::2s 31d it became necessary, because of this interest, to build

production facilit’es. Paralleling the supply of material for the Armed Services,

work toward improving the product and evaluating any other potential markets was

being done at Dow.

Research into the insulating ability of this material was conducted. This research
resulted in a definite program of improvement looking to the day when the war would
end. It was therefore in 1946, that the first commercial application of expanded
polystyrene os( v temperafure insulation was made. Starting in 1946, the markets for
STYROFOAM" grew rapidly. The florist found fhi)mclfericl much more pleasant to
handle than wet moss on frames, and STYROFOAM( h?gon to be accepted for a basic
floral material. Various fabricators for STYROFOAMY came into existence and
developed o market in the novelty and display fields. The buoyoncy market was
continued by small boat manufacturers and by the Armed Services, particularly the
Navy. The growth in its use as low temperature and comfort insulation was steady
into practically all fields re quiring this type of insulation.

RIGID POLYURETHANE INSULATION

In 1940, Schlack reacted polyesters with diisocyanates leading to chain extension and
increase in viscosity. This led Farenbabriken Bayer into an active research program to
develop rigid foams, adhesives and cootings based on this principle. In 1945-1947,

UCC 002630




CHAPTER |
APPLICATOR TRAINING

TIDLTEE STANDARD PAGE 25
CARBIDE JFPWSPReT e ™ _ APRIL 1970

HISTORY OF THE INSULATION INDUSTRY

RIGID POLYURETHANE INSULATION - Contd

scientific teams studying German developments issued a number of reports describing
the uses of polyurethanes. Using chemicals produced by DuPont and Monsanto,
Goodyear Aircraft Co. ond Lockheed Aircroft Co. developed techniques for rigid
polyurethane foam in 1946-1947. '

Since that time others, such as Union Carbide, Dow, Upjohn, and Hooker, have
entered the field as producers of row materials. Rigid urethane insulation is produced
and sold nationaily by Pittsburgh-Coming, Dow, National Gypsum and Unarco, and
by numerous other formulators in smaller market areas. The major market for rigid
polyurethane foam insulation is for insulating refrigerated raifroad cars and truck
trailers, and household refrigerators. Inudstrial uses, especially the spray application
of the material to moderate temperature vessels, have developed since 1965.

GLASS FIBER INSULATION

In 1931, working independently, the Owens=lilinois Glass Co. and Coming Gloss
Works began research programs investigating the commercial possibilities of glass

in fibrous form. These separcte efforts were joined together when these two companies
formed the Owens-Corning Fiberglass Corporation in 1938, The first commercial
products of this new company were building insulation and furnace filters. In

1939, development of binders and application processes made possible the manufacture
of rigid and semi-rigid insulation boards.

Development of superfine light-weight glass fiber in 1949, opened up the use of glass
fiber for thermal and acoustical insulation for aircraft and automobiles. In the early
1950's, other companies entered the glass fiber business. These were Johns-Manville,
Pittsburgh Plate Glass, Gustin Bacon Moanufacturing Co., Ferro Co., and Reichold
Chemicals, Inc. Todey glass fiber insulation is available in many shapes, densities,
and properties to fulfill -xny individual installation requirements.

CRYOGENIC INSULATION

:I'he thermal performance of cryogenic insulations previously developed and currently
in use covers four orders of magnitude, depending upon the performance requirements as
a function of cost for a given application.
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Cryogenic insulations can be roughly divided into two types: gos filled and vaccuum.
There are any number of gas filled insulations, including many types of fibers, mineral
wool and powders, The most common are Perlite and Vermiculite powders. The use
of gas filled insulation dates back to the infacy of the air separation business,

but it is still important in many applications such as large storoge reservoirs and

li quefiers where the large volume does not justify the costs of the more expensive
vacuum insulations and where the value of the products stored is low.

Vacuum insulations date back to the original James Dewar work of the late Nineteenth
Century. The original Dewar consisted of concentric glass jars with the annular space
evacuated. Llater, in order to cut down on the heat transport by radiation, these two
surfaces were silvered, resuiting in the common thermos bottle, Linde work in the
1940 s resulted in a practical means of interjecting a multiplicity of separate
rodiation shields or additional polished surfaces within this vacuum space, resulting

in further improved performance.

While Jomes Dewar and o number of other investigators did do some work with
evacuated powder insulations, it was not until the late 1930's ond early 1940's
that the concept of the evacuated powder insulation was applied to large

scale cryogenic fluid storage containers by Dana. This concept is still widely
employed, perticularly with Perlite powder in large cryogenic tankage. It will
be seen that improvement of two orders of magnitude is achieved over non=-vacuum
insulations (which have the thermal conductivity of the gas involved).

In the early 1950's, development work was conducted in order to achieve another
improvement in cryogenic insulations. In these powders, because of their small
dimensions, gaseous conduction is essentially negligible and with the heavier powders,
such as Perlite, solid conduction contributes about 70% of the heat transport. Thus,

it was decided to use powders with lower solid conductivity, but essentially transparent,
and to include copper flakes as an opacifying agent. Silica aerojel was chosen for

the powder and the resultant formulation consisting of equal parts by weight of copper
flakes ond silico aerojel powder was designated Linde insulation CS-5, possessing an
exceptionally low thermal conductivity. This made possible for the first time the
economical distribution of low temperature fluids in small quantities.

Early in the pawder development program, it became apparent thot an even better
insulating material would be necessary for the economical storage and distr ibution

of the lower temperoture cryogens, hydregen and helium. |Initially, for this application,
the concept of radiation shields and fibrous paper spocers was investigated, resulting

in the Linde Super Insulation concept which became the cryogenic insulation of the 1960's.
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Many variations of the materials have been employed, depending upon the application,
including aluminum foil and aluminized plastic radiation shields combined with fiber glass
and rayon fiber papers ond mats to achieve varying degrees of performance and cost,
More recently, the concept has been extended to extreme high temperature

insulation systems by the use of copper, nickel and tantalum shields with quartz

spacers. Currently, development work is under way for insulations up to 2000F,
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FUNCTION

HEAT TRANSFER

Heat

To understand the function of thermol insulation in controlling the transfer of heat,
it is necessory to have an understanding of heat, Everyone knows what heat is,
but to properly define it in words is not easy.

To start, heat is a form of enesgy. What is energy? According to Webster's
Seventh New Collegiate Dictionary, the definition of energy is:

Energy 1: Vitality of expression; 2; the capacity for action;
3: power forcefully exerted; 4: the capacity for doing work,

Energy, as restricted to the field of science, is the capability of, or the causing of
a moving force or work. Science further defines various forms of energy. These are:

a. Mechanical Potential Energy is energy stored by virtue of the
relative distance of a body above a horizontal reference plane.

b. Mechanical Kinetic Energy is energy stored by the relative motion
between parts of a system,

¢. Internal Energy is energy stored within a body, such as a quantity
of gas, liquid or solid, by relative motion of, and forces between
the molecules or atoms composing the body.

d. Work is a transient form of mechanical energy. Transformation
of other forms of energy are brought about through the agency
of force acting through distance {or work).

The above is the definition of heat. As originally stated, it is one form of energy.
it should be noted that it, and the other forms of energy, do conform to the
dictionary defintion of energy. Definitions a, b, ond ¢, relate to energy stored and
d relates to energy being transferred or in transformation. This is in agreement with
the dictionary definition of "the capocity for or doing."

Energy can be measured. However, there are a number of units of measure, each of
which is for the convenience of measuring a particular form of energy. The unit
commonly used to measure heat energy it the British Thermal Unit,  The definition
of measurement of heat in terms of BTU's is as follows:
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British thermal unit (Btu) was defined in the early days of science as the quantity of energy
(heat) required fo raise the temperature of 1 pound of water 1°F, from and at 32°F. As the
boundaries of knowledge expanded, the definition was changed to 1/180 of the quantity of
energy (heat) required to change 1 pound of water from the ice point to the steam point at
standard atmospheric pressure. The difficulty of setting up standards for such a definition,
taking into account the now known variations of specific heat with both pressure and tempera-
ture, was so great that no standard was ever generally accepted. To relate the measurement
of heat with other energies and to arrive at an acceptable standard for a Btu, the International
Steam Table Conference in 1926 recommended thot that the International Calorie be set at
1/860 of an International Watt-hour. By calculation, this established the Btu as 778.26 ft-Ib.

Other units used to measure energy are calorie, horsepower~hour, foot-lb, and kilowatt-hour.
Each of these have a fixed relation with the other.

1 Btu = 252 calories

1 Bty = 0.000379 horsepower-hour
1 Btu = 778 foot-lb

1 Btu = 0.000298 kilowatt-hour

Energy transfer from one body to another is by virtue of the existence of o temperature
difference existing between the two bodies. Thus it is necessary to establish the definition
of temperature:

The temperature of a body is its thermal state in relation to com-
municafing heat to other bodies. When two bodies are placed in
thermal communication, the one that loses heat to the other is
stated to be at the higher temperature.

By definition, temperature is o level of hotness. Temperature, by itself, is not o measure of

heat or energy. To illustrate this point, assume thot there is a vessel contai ning water and that
there is a hole in the bottom by which water could escape. This is shown in Figure fI-1. Consider
the water to be heat and the height of the water in vessel to be temperature. Like heat, becouse
of the difference in height between the hole and the top of the water, the water will Flow out the
hole and escape. However, measurement of this height will not determine the amount of
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Knowing only the height of water level will not provide information
necessary to determine amount of water escapting from hole. Difference
in height between hole and water level determines amount of water whic
will escape from hole.

ILLUSTRATION OF FLOW'AS EFFECTED

BY WATER LEVEL DIFFERENCE

Figure 1I-1
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water which will escope. In a similar manner temperature measures the level of
hotness, but is no measure of quantity of heat. As shown in the illustration of the
water in a vessel, the water flows only if the hole is at a lower level than the
surface of the water inside the vessel. A difference of height causes the flow.
Similarly, in transfering heat the energy transfer is by virtue of a difference in

Iemegmture .

To measure temperature a number of temperature scales have been devised. These
scales were devised in view of where certain definite physical phenomena occur.
The two phenomen used as fixed points are the ice point and the steam point,

The Fahrenheit temperature scale subdivides the temperature interval between ice
point and steam point into 180 parts., [ts 0 point was set by the lowest temperature
attainable by means of o salt-ice mixture. From this the ice point was set ot 32 and
the steom point 212,

In the Centigrande scale, which is now called "Celsius", the clean-water ice point
was set at 0 and the steam point 100,

Two other scales have been devised based on "absolute zero", the calculated level
of complete absence of heat. The Rankine temperature scale was set with 0 being
equal to absolute zero and with the same divisions of the Fohrenheit scale. This
made the ice point 491.7 and the steam point 671.1 The other is the Kelvin tempera-
ture scale using starting point of absolute zero as 0, but using the same divisions os
the "Celsius” scale, causing the ice point to be 273.16 and steam point to 373.16.

These temperoture scales have a relationship and knowing the temperature by degrees
by one scale the degrees of any other con be determined. The relationship of these
scales is as follows:

From
From From OCelsius From
To Get ®Fahrenheit ®Kelvin {Centigrade) “Rankine
OF Fahrenheit 59»(°K-273. 16)+32 53 °c + 32 OR - 459.67
oK Kelvin §(°F-32)+ 273.16 °C+ 27306 3 R
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From From OCelsius From
To Get OFchrenheit 9Kelvin (Centigrade) ORankine
OC Calsius 2(F-32)  °K-273.16 3 op - 273.16
R 9 D
(Centigrade)
R Rankine OF + 459.69 -59- °k ls’ °C + 491.69

The most commonly used scales are Fahrenheit and Celsius (Centigrade). At the

temperature F of -40, Centigrade is also =40. Only at this point does the number of s
degrees on each of these scales designate the saome level of hotness. For this resson,
in stating the number of degrees it is essential that the temperature scale be given —
otherwise the statement has no meaning.

In the definition of heat the term bodies is used. Again, this term is used in its
scientific sense. The meaning being as follows:

Body is @ mass of matter distinct from other masses; a sensible object
in physical space.

All the previously written matter was an attempt to provide a full understanding of
heat. From the definitions of the terms used in the original defintion of heat,
substitutions could be made so that the definition might be written as follows:

Heat is force in transformation or transfer from one mass to another
because of a difference in level of hotness existing between the

two mosses.

Although this definition is not as scientifically correct as the first presented, the act
of arriving at it may have clarified many points of question.
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Effect of Heat on Substances

All substances are made up of molecules in constant motion. Adding heat speeds up the
motion of the molecules; removing heat slows them down. At the same time, molecules
pull toward each other. This pull tends to restrict their movement and hold them together
in a body. Speeding up motion by adding heat tends to overcome the attraction of mole-
cules; so substance expands. The temperature rises in a substance as heat is added unless
there is a change in state of the substance.

Substances may be solid, liquid or gas state depending on the atiraction of molecules and
rate of their rate of motion. The motion in these states are as follows:

SOLID STATE. Energy of moving molecules is small as compared to attraction; so mole-
cules move as if on tethers.

LIQUID STATE. Molecule movement and attraction are close to balance. Molecules will
stick close together but can wander in any direction in the {liquid) substance. Surface
tension is a result of molecular attraction.

GAS STATE. Molecules are independent in their motion. Travel is limited only by
collisions with other molecules or confining walls.

A number of terms are used for particular actions of changes of state of substances. These
are: melting, sublimation, evaporation, boiling and condensation.

MELTING. When solid is heated to point where molecules move fast enough to break
away from rigid pattern, temperature no longer rises with heat imput until all molecules
have broken loose.

SUBLIMATION. In breaking bonds of solid state, some molecules move fast enough to
break oway from all others to become a gas. To illustrate a typical example of this,
carbon dioxide dry ice (solid) sublimes directly to gos.

EVAPORATION. In heating liquid, some molecules speed up sufficiently to break through
surface-tension layers, against ottraction of other molecules in the liquid state to become

a gas. In escoping gos molecules toke away energy. This may cool the liquid.

BOILING. Molecules in the liquid state gaining sufficient heat to accelerate and break
awoy from each other to be in gos state.
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CONDENSATION. Gas molecules losing heat slow down and pull together as a liquid.

Molecules in gos state has relationship in respect to saturation, vapor pressure, and
superheat. These relationships of molecules in gas state are as follows:

SATURATION. To stoy os gas, molecules must move fast enough to keep apart. Speed
depends on temperature. For every temperature there is a maximum number of molecules
that can exist as gas in a given volume. Adding more gas to a given volume of maximum
density (minimum specific volume) without increasing temperature will increase mutual
attraction of molecules to stort condensation. This saturation always exist where gas and
its liquid touch.

VAPOR PRESSURE. Moving gas molecules exert a force in any confining surface, colled
vapor pressure. Vapor pressure goes up as the speed and number of molecules, or as temperature
ond density,

SUPERHEAT. Saturated vapor not in contact with its liquid can be superheated in two ways:
(1) increasing its temperature (adding heat) to expand it or (2) decreasing its pressure
(throttling) over certain ranges.

A graphic illustration of the relationship of substance changes of state are shown in
Figure {1-2.

As heat has these effects on substances it becomes clear that its transfer from one substance
to another must be carefully controlled in manufacture of chemicals. Control of heat trans-

fer is the function of thermal insulation.

Heat Transfer

Although the function of thermal insulation is 1o retard heat flow, to accomplish this
it is necessary to know how heat is transferred.
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Heat has two methods of transfer named conduction and radiation. Convection,

fre vently called a method of heat transfer, is movement of mass from one position to
another. However, for ease of discussion and understanding, although incorrect, it
will be presented as if it were a method of heat transfer.

As each of the above methods of heat or mass transfer are names for o phenomena,
the definition of the terms describe the phenomena.

Conduction, external is energy transferred from one body to another
body at a lower temperature by tangible contact.

Conduction, internal is energy transferred from one molecule to anacther
ot a lower temperature within a single body.

Radiation is energy transmission through space from a hotter body to a

colder body.

Convection is the movement of a body, or bodies, with its, or their
associated energy from one position to another without change or energy
transformation. By this definition, convection is not a method of heat
transfer. A typical example of convection is the movement of air from
one part of a room to another.

These are the methods by which heat is transferred or moved. To illustrate these
foctors again, let us use water to represent heat and two vessels to represent bodies.
For the transfer method, the two vessels are connected by a pipe representing

radiation and conduction, The height of water in each vessel represents the temperature
of a body. The illustration of two vessels is shown in Figure 11-3. It is apparent

that when the woter in vessel (1) is at @ higher level than vessel (2), water will flow

to vessel (2). This flow will continue as long as o difference exists in the water level
between the two vessels. When the water level in both vessels becomes the same,
there is no flow of water between the vessels. Heat transfer is similar, A temperature
difference must exist before heat flow occurs. When two bodies are ot the same
temperature, no heat will flow between the two, regordless of lﬂre_l of the temperature.

To illustrate the methods of heat transfer, consider the example of a rod heated at one end.

in the diagram shown in Figure 11-4, a metal rod is heated by a candle on the left end.
The rod is initially at ambient temperature.
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Water will flow from vessel 1 to vessel 2 as long as vessel 1 hos a greater
height of woter than vessel 2 in respect to common reference level. Water
flow is result of existance of difference in height of water

— ILLUSTRATION OF WATER FLOW BETWEEN TWO
1 VESSELS DUE TO DIFFERENCE IN WATER LEVEL

Figure }1-3
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After heating the rod a certain length of time, a rise in temperature can be felt at

the right end and all along the rod. This occurs because of heat transfer by conduction
along the rod from a region of high temperature at the left to a region of low temperature
at the right. The rate of heat transfer depends on the thermal conductivity of the

metal. For copper, with a high thermal conductivity, heat transfer will be quite rapid.

However, convection heat transfer complicates the picture. Convection occurs when
unheated air sweeps in around the heated rod. The air particles in intimate contact
next to the rod are heated up by conduction from the rod to the air. The heated
particles become less dense and therefore rise, thus carrying away the heat. More
unheated air sweeps in and up to take its place and this process continues. If this
happens of its own accord, the process is known as free convection, If air is forced
across the rod, say by a fan, it is known as forced convection.

The rod will also emit heat by radiation. The heat energy in the rod will be converted
to rodiant heat in the form of "batches” of energy called quanta. These will be
propagated away from the rod to sutroundings at a lower temperature in the form of
electromagnetic waves. The transfer of heat in this manner is said to occur between
two bodies that are different in temperature; the larger the difference, the more that

is radiated.

Electromagnetic waves travel at 186,000 miles per second and are characterized by
their wavelength. Visible light, radio waves, radar, cosmic rays, and radiation are
all electromagnetic waves; but they differ in wavelength == the shorter the wave-
length, the higher the energy. Electromagnetic waves need no medium, such as air,
for their transmission.

Therefore, unlike convection, radiation can occur through a vacuum; for instance, the
energy that arrives to earth from the sun is rodiant energy only.

Restriction of Heat Transfer

The purpose of thermal insulation is to retard or hinder the transfer of heat between
bodies of different temperatures. Thermal insulations are materials or systems that
are resistant to the flow of heat.
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To illustrate their function retumn to the illustration of the water flowing between
two vessels, [f the pipe between two vessels was large and had little resistance to
the flow of water, the flow of water between the two vessels would be large. If the
pipe wos very small, thus having large resistance to water flow, then the quunmy of
water flowing between the two vessels would be small. Thus, the higher the pipe
resistance the smaller the quantity of water which will pass through the pipe in a
given period of time. This is shown in Figure 11-3.

In a similar manner, the greater the thermal resistonce between two bodies of
different temperature the lower the quantity of heat transfer between the bodies for
a given period of time. This brings in a new variable which is time. —

In the wat er  vessel illustration a valve could be put in the pipe, which would enable”
one to completely stop the flow of water, However, heat will be transferred through

all materials if a temperature difference exists either within or between the surfaces

of the material. There is no way to completely stop the flow of heat between bodies

of different temperatures. By providing thermal resistance between bodies of different,
temperatures the quantity of heat transferred in a given period of time can be reduced.

The relationship can be expressed as follows:

Temperature difference between bodies
Thermal resistance

Quantity of heat per period of time =

Note: The thermal resistance must be based on time and area units corresponding
to that of quantity of heat.

When Q = heat transfer per hour
&t = temperature difference
R = thermal resistance

Q = %_L (Equation 1)

As stated, the relationship does require that units be of proper units of measurement.
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In the English System of measuring heat, the common unit is British thermal unit
(Bru) and the common unit of measuring temperature is Fahrenheit (°F). However,
there was never a unit named for measuring thermal resistivity. This thermal

erature difference and

" resistivity is the reciprocal of conductance (C) or -‘; . The previously expressed
emp

relationship of heat flow in respect to time, areq,
thermal conductivity can be written:

: . . O
Heat transfer in Btu per sq ft, hr = Temperature dl{Ferenca in °F

Thermal conductiv ity in Btu per sq ft, hr

To state in easily used terms:

When
Heat transfer = Q in Btu/sq ft, hr
Temperature difference between surfaces = hy = t2
if t, equals OF of higher temperature surface
and t, equals °F of lower temperature surface
Thermal conductance of material = C in Btu/sq ft, hr, °F
Th -
en Q = hh (Equation 2)
T
C

Thus, the basic equation for the calculation of heat transfer, through one material,
is established. This equation shows that to obtain @ low rate of heat transfer
requires @ moterial of high thermal resistance. It also shows that to obtain high
thermal resistance requires materials or systems of low thermal conductance.

Classes of Thermal Insulation

Thermal insulation is material, or assemblies of material, having high thermal
resistance and low thermal conductance. It is produced in many different forms.
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Basically there are two general classes. One is mass insulation and the other is
reflective insulation. In some instances, the two are used together in a single
installation.

Mass Insulation

Mass insulation is made of solids arranged to form finely divided spaces of cir or
gas. An enlarged section of typical moss insulation is shown in Figure [1-5.

As shown in the figure, when a temperature difference exists between the two sur-
faces of the materfal the heot will use oll means to get from the hotter surface to the
colder surface. The heat passes through the material by conduction, radiation, and
convection. As it is impractical to separate each of the quantities of heat in regard
to its mode of transfer, the total amount is stated to pass through the insulation by
conduction.

The measurement of the ability of a homogeneous material to transfer heat is
conductivity (k). The definition is:

'Conducﬁvigz: the heat rate "per unit area per degree per unit length
of heat travel,"

In English Units: Conductivity k = Btu/sq ft, hr, °F, inch

Notice that in English units the heat transfer is per one inch of thickness. Although
the purpose of insulation is to provide thermal resistance, mass materials are tested
and evaluated based on the heat that does transfer per inch of thickness. Naturally
it is desirable that the conductivity be small. Knowing the conductivity it is easy
to obtain the thermal resistance of flat materials, as thermal resistance R equals the
thickness divided by the conductivity.

When
’ R is thermal resistance
k is conductivity in Btu/sq ft, hr, °F, inch
| is thickness of insulation in inches,
Then: _ {Equation 3)
R = T ,
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It follows then from Equation (3), the heat transfer per hour { qg) through a single flat
mass insulation, ] inches thick with a higher temperature t; on one side and a lower
temperature t, on the other, is:

Q = {Equation 4)

Reflective Insulation

Reflective insulation is thermal insulation, depending for its efficocy in large part
on reduction of radiant heat transfer across spaces by use of one or more surfaces of
high reflectance or Jow emittance. In most instances reflective insulation is an
assembly of materials, and more properlymay be called an insulation system. It

is not a homogeneous material. For this reason the heat transfer must be measured
as the conductance across the system.

Heat transfer across the system is due to the temperature difference existing between
the two sides of the system. Like mass insulation the heat uses all methods to

get from the hot side to the cold side. This illustroted in Figure I1-6. Again, like
mass insulation the means by which heat is transferred from one side to the cther are
not separated into individual parts and the total of ail is measured as conductance
across the reflective insulation system. In this case as the entire system must be
measured as a single unit, the length of heat flow path is the entire unit. Thus the
basic heat transfer equation is Equation (2). |

f‘ -t

Q = 2 (Equation 5)

L
C

Typical illustration of o reflective insulation system is the "thermos” bottle.
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Surface Air Film Resistance to Heat Transfer

In the use of insulation for conservation of energy in industrial installations, the
resistance of the outer air film to the transfer of heat becomes important, as it
directly influences the outer surface temperature of insulation.

Under static conditions all heat transferred to, through, and from must be of equal
quantity, This is itlustrated in Figure I1-7.

As shown in Figure {1-7, the heat transfer is from hot gas (oir) on one side to cold
gas (air) on the other. In most installations of insulation on industrial pipe and
equipment, the inside surface is the pipe or equipment which is directly in contact
with the insulation. Under these conditions, the inner surface temperature is
essentially the same as the temperature of the pipe or vessel, and an inner air

film resistance does not exist. The vessel or pipe may be hotter or colder than the
outside air. These conditions are illustrated in Figure 11-8.

The air film has an overcll heat transfer conductance f. Or a resistance to heat

flow '}- . Thus, a ) by - f
03 -l
f
Equation 4 states that:
t, = ¢
Q = 1 2
a ]
k
as Q, = Qg = Q2 = Qa3 (As illustrated in Figure i1-7)
In the case of _ o4 =Q = 7 h
one air film Qa3 - 1 a T
f ®
_ hT 'a (Equation 6)

(Nlustrated in Figure 11-8)

UCC 002652

-

el e

T

1A




CHAPTER H
APPLICATOR TRAINING

STANDARD 4 PAGE 47
OHWCALS D PLASTICH APRIL 1970

FUNCTION

Direction of Heat Flow

Hot Air Temperature t ——} ‘7??? /
Temperature of Hot Surface f / }XN;(

ty fﬂ’
Air Film —p» - ,;;)d;;‘? Insulation
N
i NI
o Insulation Q_ /’;ﬁ‘ rr"f}}"

s ¥
%ﬁ, NI et e
Heat Transfer __/‘P‘F
Through Insulation Quz / ,Pj;
o Ll
A
"JJ "‘y < "Y:'f ' — Air Film

All temperotures t.o W, t2, and t, are held constant (static)

Heat t
eat transfer QGI equals Qo; equols Q°3

HEAT TRANSFER THROUGH INSULATION
UNDER_STATIC CONDITIONS

Figure 11-7

UCC 002653



CHAPTER 1I

TG STANODARD APPLICATOR TRAINING
CARBIDE NP Wpgegepe PAGE 48
APRIL 1970
FUNCTION

/— L = thickness of insulation

. N /——\UVL,-—-“-
b R
surface of insulation é:’:& ‘2}?\\%— ;:;;ioo:d;tscfzify of
Hot Pipe or Vessel *’ﬁi{i%\ ‘:: ‘&,(‘ "::%_» AR
ot Tranger / R *51’\ H;,R\g\ t; = Temperature of Insulation//
Heat Transf % ZME‘\ tt?:m;ei::::teure of A‘i{/

[ 4 Air Film, Conductonce, h.
q

Direction of Heat Flow —» a3

INSULATION ON HOT PIPE OR VESSELL

L = thickness of insulation
¥y =“ Air Film, Conductance h

o2,

z: b= Temperoture of Air
t2 = Temperature of Insulation

Outer Surface
Heat Tronsfer 9,

AR
[ Heat conductivity of insulotion is K

insulation

Cold Pipe or Vessel

Tempercture of Pipe
or Vessel and Inner
Surface of Insulation t;—

e——— Direction of Heat Flow

INSULATION ON COLD PIPE OR VESSEL

SCHEMATIC ILLUSTRATION OF
HEAT TRANSFER THROUGH INSULATION

Figure [i-8  UCC 002654
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FUNCTION

HEAT TRANSFER - Contd

Surface Air Film Resistance to Heat Transfer - Contd

Which is the basic formula to calculate heat transfer through one flat thickness of
insulation.

The following examples will itlust rate the use of this equation for the calculation
of heat transfer,

Example 1. Three inches of insulation is installed on a large hot vessel. The
temperature of the vessel if 400°F. The temperature of the air is 50°F. The
conductivity (k) of the insulation is 0.4 Btu/sq ft, hr, °F, in. The conductance of
the air film is 2.2 Btu/sq ft, hr, °F. What is the heat loss per s quare foot per hour?

To find Q_ in Btu/sq ft, hr

Given:

t;  temperature of inner surface of insulation = 400°F
t, temperature ofair =  50°F
! thickness of insulation = 3 inches
k conductivity of insulation = 0.4 Btu/sq ft, hr, °F, in.
f conductance of air film = 2.2 Btu/sq ft, hr, OF
Equation is ot
Qo = — T
kK ¥
Substituting in proper values
Q = 400 - 50 = 350 - 350
o __5 41 7.5+ 45 7.95
0.4 222

= 44 Btufsqft. hr  Answer
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FUNCTION

HEAT TRANSFER = Contd

Surface Air Film Resistonce to Heat Transfer = Contd

Example 2, Fwe inches of insulation is installed ona large diameter vessel,
operating at ~100° F(t1). Theair temperature is90° F (t,). The conducnvaty (k)
of the insulation is 0. 33 Btu/sq ft, hr, OF, in. The conducfunce (F) of the air
film is 1.5. What is the heat transfer per square foot per hour?

To find Q_ in Btu/sy ft, hr

Given:

t,  temperature of inner surface = -100°F

t,  temperature of air = 90°F
! thickness of insulation = 5 inches
k conductivity of insulation = 0.33 Btu/sq ft, hr, °F, in.
f conductance of air film = 1.5Btu/sq F, hr, OF
Equation is o= 4
Q = ] a
a T4 ]
kK 7
Substituting proper values
g = 100 -9 _ -190 _ 190
A i5.15 ¥ 0.68 15.81
033 T35
Q = -2 Btu/sq ft, br

Note the minus quantity indicates the heat flow is from the air to the insulation.

The theory of heat transfer and heat transfer through two simple cases of insulation has
been established.

Additional equations and data for solving more complex insulation problems are presented
in Thermal [nsulation Manual, Volume I, Design.
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PURPOSE

GENERAL

All materials tronsfer heat. Thermal insulations are materials which transfer a small quantity
as compared to others. This ability to retard heat flow makes these materials useful
many places where control of heat is desirable or essential.

The use of animal fur was one of man's first uses of a material as an insulation to conserve
his own body heat. Over the possage of years we tend to forget that clothes are man's
personal insulation to control the heat losses from his body. Yet, automatically in winter
we use more effizient insulation -- heavier and thicker clothing == than in summer.

From the first cride lean-tos, today's office buildings, laboratories, industrial buildings
and homes have evolved to provide a resistance to heat transfer so that the inside
temperature could be maintained at o level necessary for human comfort. The increased
use of refrigeration to keep the interior of buildings cool has further increased the
importance of insulation and insulation-type material.

In the preservation of food and its preparation, insulation is used in cold storage rooms,
refrigerators, ani stoves to control heat transfer. Likewise, in transportation insulation
is used in automobiles, ships, airplanes, and roilroad cars, and, of course, it is highly
important in space craft, Thermal insulation is essential in the production of power and
the processing of almost all materials. Thus there is hardly any phose of modern life
which is not infl enced by thermal insulation.

Mony craftsmen, who are not called insulators or asbestos workers, use or instal! insulating=
type materials. For example, a man who maokes clothes is a tailor. The insulator's croft

has developed ar installers of materials having the prime function of providing resistance to
heat transfer. Tnis craft is closely associated with the construction industry; hence, both
material and labor for its installation are supplied by distributor-contractor companies.

In the field of construction there has developed a loosely defined division of types of
insulation services. One of these is called commercial and includes the use of insulation
in building, such as duct insulation, hot and cold water piping insulation and insulation -
on low pressure steam piping and equipment, The other is industrial ond includes the
insulation of povser plants, and the piping and equipment of process industries.

COMMERCIAL INSULATION

In general, comme rcial insulation is used to control heat flow so as to maintain the
atmosphere in the enclosed space at the temperature and humidity as required by the
occupants or contents of the building. In addition the insulation serves to reduce the
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COMMERICAL INSULATION - Contd

cost of heating and cooling the structure. Although this is a large portion of the
insulation industry these specific uses of insulation will not be further discussed as
the major importance to our Company is in the field of industrial insulation.

INDUSTRIAL INSULATION

Insulations are used in the industrial field to control heat to conserve energy, control
temperature, protect personnel and as fire protection. In all instances, from an economic
view, it is used to save money or make possible the earning of money. The manner in
which this is accomplished depends upon the individual installation. Some of the various
services requiring insulation are presented to show where insulation is used to save money
or make the eaming of it possible.

HOT TEMPERAJURE SERVICE

Hot service is commonly considered to be when the temperature of the surface on which
the insulation is installed is above 212F, The temperature may be obtained from steam or
other heating mediums, such as Dowtherm or electric heaters, or from process reaction.

Insulating these hot service lines and equipment may be done for one or more of the
following reasons:

1. When the heat in these lines or vessels is of value, they are insulated to
conserve this heat. For any particular cost of steam (or other heating medium)
and porticulor cost of installed insulation, it is possible to calculate the
correct insulation thickness as determined by good economics. In this case
the insulation saves money by saving heat.

2. When insulation is used to control temperature, it is a necessary component
of the process system. In this case insulation makes the earning of money
possible.

3. When insulation is used to prevent personnel from being bumed, it performs
a function as a safety device. As such it serves to protect personnel from
painful bums and reduces costly lost-time accidents.
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HOT TEMPERATURE SERVICE - Contd

4. When insulation is used to protect piping and equipment from fire, it again
perforrs a function of increasing plant safety. in this use it also minimizes
financial damage in case of fire and also makes it possible to obtain more

reasonable insurance rotes.

In many instances the same insulation serves more than one of the above given functions on
a single installation, Frequently an insulation is used to conserve energy and to control
temperature in o process vessel. Also, very often an insulation is used to conserve

energy loss from a pipe and act as fire protection for that same pipe. It quite often

serves all four functions at the same time.

MODERATE TEMPERATURE SERVICE

Moderate service is most often considered to be in the temperature range of 35F to 212F.
This temperature range includes such insulated items as field storage tanks, hot and
cold water, moderate temperature vessels indoors, and air conditioning ducts.

The reasons for insulating are the some as the four listed for hot service plus three
others. These additional reasons are:

I.  When a field storoge vessel is insulated Yo minimize vapor loss caused by
solar radigtion, it is used to conserve product and by so doing saves money.

2. To control condensation of moisture on the surfoce. Condensation on cuter
surfaces causes rusting of steel and couses slippery, unsafe conditions.
Preventing it reduces maintenance cost and cost due to accidents.

3. Toretard (not prevent) freezing of contents of pipes or vessels in cold
weather, Used in this manner the insulation is a necessary part of process
control and contributes to the ability to produce a product to earn money.

Again, the insulation may be used to accomplish more than one of these ot the same time.

LOW TEMPERATURE SERVICE

Low temperature service is below 35F and extends down to approximately =240F, Although
=150 down to =459 . 7F is low temperature, this range is given the special nome of cryogenic.
Service in the low temperature range includes insulation on equipment and pipe, and
insulation of refrigerated spaces.

UCC 002659



CHAPTER 1
APPLICATOR TRAINING

VI STANDARD PAGE 54
CARBIDE IR APRIL 1970

PURPOSE

LOW TEMPERATURE SERVICE - Contd

The reasons for insulating is to conserve energy, control temperature, protect from fire,
control vaporization, and prevent condensation on outer surfaces, All of these have been
previously mentioned. ‘

CRYOGENIC SERVICE

The temperatures encountered in liquifying gases require special insulation consideration.
Below ~240F the ordinary mass insulations require such bulk to control the heat transfer

and temperature, thot the insulation becomes impractical. The ideal cryogenic insulation
must possess the ability to minimize heat transfer from radiation, conduction and convection.
Vacuum assists in this, because a completely evacuated space has no gas to establish
convection currents and no molecular contact to provide conduction paths. Radiant energy
transfer can be retarded by the use of reflective surfaces. For this reason mest cryogenic
insulations are similar in principles to the Dewar flask.

As this is a very special field of insulation, these systems are seldom installed in the
field as ordinary insulation, but must be produced in manufacturing plonts where it is
possible to seal weld and produce vacuum spaces between the two walls containing the
insulation. The Linde Division of Union Carbide Corporation hasdeveloped a number of
cryogenic systems and named them Super Insulation.

TRACING SYSTEMS

The use of pipe or tubing externally attached to process lines or vessels to supply heat or
refrigeration to them is called tracing. Tracing is used in high, moderate, and low
temperature services. Steam, Dowthemm, hot water or electric tracers are used to supply
heat to process lines and equipment. Brine or other refrigerants ore used to transfer heat
from process lines and equipment. The major amount of tracing is used to supply heat rather
than to remove it.

HOT TEMPERATURE TRACING SYSTEMS

In this temperature range, pipe and equipment tracers simply add heat, or supply heat to
replace lost heat and so retard heat loss from the pracess liquids and gases., The heat is
generally obtained from (1) steam or (2) electricity.

UCC 002660
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PURPOSE

HOT TEMPERATURE TRACING SYSTEMS - Contd

1. Steam heated systems consist of tubing to transmit steem, which is secured
to the external surface of the process pipe or vessel, over which is installed
insulation. Heat is tronsferred to the process pipe or equipment either by
system (a) air convection, or (b) conduction through heat transfer cement.
These two systems are shown in Figure l1I-1. '

2. Electric heated systems consist of electrically heated cable secured to the
external surface of pipe or vessel, over which insulation is installed, At
high temperatures the electric tracing must always be-connected to the
process pipe or vessel with heat transfer cement to prevent excessive
temperature rise in the electric tracer.

MODERATE TEMPERATURE TRACING SYSTEMS

Within this temperature range steam or electricity may be used to add heat to the
process line or equipment, or brine used to remove heat, depending upon the control of
temperature required.

- When heat is added by steam, the air convection system is most frequently used as the
temperature desired can be obtained without the use of heat transfer cement. When
electric heating cable is used the transfer may be either by the air convection system or

~- heat transfer cement system, depending upon design requirements,

When heat is removed from the system by brine, in almost all instances, the heat transfer
- cement system should be used to obtain efficient cooling.

i In all cases the insulation over the tracer system is used to control the temperature of

the process. In so doing it also conserves energy and provides personnel protection and
fire protection. In these cases the insulation saves money and assists in the production
process to earn money.

It has been indicoted that thermal insulation is used to obtain economical plant operation.

L Therefore, it is important to understand some of the economics involved.
ECONOMICS
- Industrial insulation is used only when the saving, or earnings, justify the expenditure

for it and its installation. The first consideration in any particular installation is whether

UCC 002661



CHAPTER il
APPLICATOR TRAINING

TR STANDARD PAGE 56
CARSIDE [N, APRIL 1970

PURPOSE

Insulation
Heat Tracer

Process Pipe

Direction of Heat Flow
AR CONVECTION SYSTEM

Direction of Heat Flow Heat Transfer Cement

Process Pipe

HEAT TRANSFER CEMENT SYSTEM

DIRECTION OF HEAT TRANSFER FOR THE
TWO SYSTEMS OF HEAT TRACING
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PURPOSE

ECONOMICS - Contd

or not insulation is justified. The savings, or profit, must provide a sufficiently large return

on the investment in insulation to warrant the expenditure. The decision as to when investment

in insulation is justified is bosed on o number of factors such as the amount of heat the insulation
will save, the capital investment to produce the heat, the operating cost of producing the heat,
the cost of insulation investment, and the maintenance cost of insulation.

At moderate temperatures the temperature difference between service and atmosphere is small;
therefore, the heat loss would be small. In such circumstances the amount of money that could
be invested in insulation to retard this heat loss would be small. Therefore, in this temperature
range low cost insulation must be used, otherwise it could not be justified. To illustrate: low
cost sprayed foam insulation is used in these services where higher investment insulations couid
not provide sufficient return to warront their use.

At higher temperatures, when there is no question that insulation is a good investment, the question
then becomes one of how much (thickness) of insulation should be used to obtain the best economy.
Heat energy is valuable in that it has monetary value. However, there is no direct conversion
from Btu's into dollars, as the cost of heat depends upon many factors, such as its form, location
and use. For example: the Btu's in gasoline are generally more costly than those from coal,

Also Btu's obtainable from coal are less expensive at the mine than at some distant point to

- which coal must be moved to be used. Likewise, the cost of installed insulation varies with the

moterials used, location, labor rates ond other factors. The simple statement that "the greater
the thickness of insulation the smaller the loss of heat," may be restated as "the greater the cost
of insulation the smaller the cost of heat." Depending upon the cost of instalied insulation and
the cost of heat, a definite thickness of insulation provides the lowest total cost.

This basic truth has been recognized for years. At a meeting of the American Society

of Mechanical Engineers in New York City, on December 6, 1926, Mr. L. B. McMillan presented
a paper entitled "The Heat Transfer Through Insulation, " in which he presented the formulas

for calculating the economic thickness of insulation. For those interested in mathematics, the
formula is shown on the following poge.
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PURPOSE

Mr. L. B. McMillan's Equation for Determining the

Most Economical Thickness of Insulation = Cylindrical Surfaces

When B = cost of insulation per yeor in dollars;
including depreciation of capital investment,
cost of money, return of investment and maintenance.

Then

k = conductivity of insulation in Btu/sq ft, hr, in, °F,

"l = inside radius of insulation in inches.

rg = outside radius of insulation in inches.

to = o erating temperoture of surface to be insulated, in. ©F
P pe

t¢ = temperature of air-mean average, in. SF.

M = value of heat in dollars per 1,000, 000 Btu; including
depreciation of capital investment of equipment to
produce heat, cost of money, return on investment
and maintenance.

resistance.

Y = hours of operation per year.

y:
(r log, ; + Rk

]

2I'2.$"|
—r;ﬁgs-=

R, = sum of thermal resistances, including surface

/Y(tc - |°)Mx k
B

Although the formula is complex, the physical laws upon which it is based are quite simple
and can best be understood from graphs.

To illustrate the first statement “the greater the thickness of insulation the lower the heat
loss," see Graph No. 1. Notice that on a bare pipe or piece of equipment the heat loss
curve runs completely off the chart. Also notice that after insulation is installed it
becomes necessary to double the insulation thickness to cut the remaining heat loss in

half,
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ECONOMIC THICKNESS
OF INSULATION

HEAT LOSS, BTU'S

1 2 3 4 S L 7 8 L 10
INSULATION THICKNESS, INCRES

- CRAPH 1
UCC 002665



CHAPTER il

APPLICATOR TRAINING

NIYLIER STANDARD PAGE 40
CARBIOE Qv e . APRIL 1970

PURPOSE
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As previously stated, Btu's have monetary value; therefore, the scale showing " Bru's"

can be reploced by dollars per year. This in no way affects the curve if the vertical

scale is converted to the correct unit value, As shown in Graph 2, the heat loss=cost
curve will include the following cost factors: (1) cost of fuel, (2) capital investment

of heat producing equipment, (3) cost of moneyfor capital investment, (4) interest on
investment, (5) depreciation period, (6) maintenance, (7) number of hours of operation

per year. In dollars per year the insulation cost can be plotted. Cost factors included

in this curve are: (1) capital investment, (2) cost of money for capital investment,

(3) interest on investment, (4) depreciation period, (5) maintenance cost. The sum of
these two curves produces total cost curve, As would be expected, the most desirable
condition is where the total cost per year is the lowest, The formula given by Mr. McMillan
gives the method of determining this low point. As can be seen in Graph 3, each addition
of 4 inch of additional insulation saves less heat than the preceding % inch. Therefore, it
also saves less money.

To illustrate the influence of economical insulation on the capital investment and operating
cost of a typical actual installotion, consider an 8-inch steam line operating at 425F, The
average ambient temperature is SOF. With the following cost factors:

Capital Investment in Steam Production is $12.00 per lb hour.
Production Cost of Steam is $0.40 per 1000 Ib.
Capital Investment in Insulation is as follows:

14 inch thickness $3.30/1linear foot
2 inch thickness $4.10/linear foot
2} inch thickness $4.84/linear foot
3 inch thickness $5.90/linear foot

Depreciation period -~ 15 years
With no insulation at all, the heat loss would be 2,841 Btu per hour, per linear foot of
pipe. (The heat contained is 2,34 Ib of steam per hour.) To produce this lost heat, a
capital investment for steam production would have been $28.32. The cost to produce this
heat would be $6.25 per year.

By calculating costs based on the information given, the following table is obtained.

UCC 002666

-~




N e i e B e B e

.

UNION-
CARBIDE

STANDARD

CMENICALS AND PLASTICS

CHAPTER Il

APPLICATOR TRAINING
PAGE 61
APRIL 1970

COST FACTORS
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FUEL COST

CAPITAL INVESTMENTY
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ECONOMIC THICKNESS
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ECONOMIC THICKNESS
OF INSULATION
4
- SAVING BY FINST 1%" INSULATION
COSY FACTORS
MEAT:
FUEL COST
CAPITAL INVESTMENT
COST OF MONEY
INTEREST
DEPRECIATION
MAINTEMANCE
NO. HRS. OF OPER.
fmmmsmm
FOR EACK ADDITICMAL
%" OF ISULATION
™
3
8 o =
_________ -
2
@
;./
IRSULATION:
CAPITAL INVESTRIENT =
COST OF MONEY -
NTERESY g
DEPRECIATION - =
MAINTENANCE " — =
o ~ =
. =
- i ADOITIONAL COST b
_N FOR EACH ADDITIONAL
%~ OF INSULATION
COSY MRS 1%~
1 2 3 4 5 6 7 8 9 10
INSULATION THICKNESS, INCNES
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Copital Capital Additional Fuel Savings

Investment Invest- Total Cost for for Each
Insulation to Provide  ment in Copital  Yearly  Each Added  Added % inch
Thickness Steam for Insula- invest- Cost % inch of of Insulation

Inches Heat Loss tion ment of Heat  Insulation
$ $ $ $ $ $/Year

Bare 28.32 None 28,32 6.25
13 2.57 3.30 5.87 0.58
2 2.10 4.10 6.20 0.46 0.33 0.12
23 1,74 4.84 6.50 0.36 0.38 0.10

3 1.52 5.90 7.42 0.30 0.92 0.03

The lowest capital investment would be if only 1} inch insulation were used. But, with an
additionol investment of $0.33 to obtain 2-inch thickness, a saving of $0.12 per linear
foot is obtained. The increased capital cost to obtain 23 inch thickness over 2-inch
thickness is $0.33 and o saving of $0.10 per linear foot is obtained. This is still a good
investment,

When the thickness is increased from 23 inches to 3 inches, the capital cost increase is
$0.92 and the savings if $0.003 per year. This is not considered @ good investment. Thus,
2} inch thickness is the correct thickness.

In the absence of compelling reasons otherwise, the economic thickness determines the
insulation thickness. This is not always as easy as one might expect, as even within a
single chemical unit the economic thickness may differ from one pipe to ancther, although
all operate at the same temperature. The difference is caused by difference in cost of
heat to be conserved. For example: heat coused by chemical reaction may have little
volue and might even be required to be dissipated. The costof high pressure steam might
be di-ferent from low pressure steam. Heat from o Dowtherm boiler is more expensive than
stear:. Electric heat or electrically heated Dowtherm is very costly energy. Good
ecoromy demands that each be insulated the correct thickness.
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Although the "economic thickness” was given for high temperature service it applies

equally well when units of cost are based on cost of refrigeration,

In both instances the calculations to determine economic thickness by McMillan's
equation is quite time consuming. To make the determination simple, a manual of
"How to Determine Economic Thickness of Insulation" was prepared by Union Carbide
Corporotion in cooperotion with the Engineering Experiment Station, West Virginia
University, This manual was later published by the National Insulation Manufacturers

Association.

The specification of the correct insulation thickness is properly an engineering function, L

and may be considered of no particular interest to the field applicators. However, even e
the most careful engineering design is of no value until the insulation is correctly insfolied'/

by competent craftsmen. Poor workmanship can completely ruin the economics obtainable

by insulation. The knowledge as to the importance of insulation in saving money makes

one understand the importance of skilled workmanship.
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TYPES AND FORMS

PHYSICAL AND THERMAL PROPERTIES

The two fundamental types of thermal insulation are mass and reflective. Each of these is
produced in a number of forms. ‘

MASS INSULATION

Mass insulation is made of numerous mass structures. These are: fibrous, granular, flake,
cellular.

Fibrous insulation is composed of fibers produced of many materials, some of which have
similar characteristics and others possessing very different characteristics. Some of the
fibers used in producing insulations are:

Refractory fibers
Lime or slog fibers
Glass fibers
Asbestos fibers
Cattle hair

S

The various fibers are bonded, felted, or woven together to produce various forms of materials.
By variations in monufacturing methods and composition, o wide range of materials having
different properties is produced.

Gronular insulation consists of small nodules which contain voids or hollow spaces. They are
not considered true cells, since gos (air) can be transferred between the individual spaces.
The following materials fall within this clossificotion:

1. Calcium-silicate
Diatomaceous earth
Expanded silica

Open cell plastics

Vegetable cork

In production of calcium-silicate, diatomaceous earth and expanded silica products, fibers
are frequently added to improve the tensile strength of the material. However, the major
amount of material resisting heat flow is thegranulor moterial,

UCC 002671



CHAPTER IV

APPLICATOR TRAINING

YIS STANDARD
- APRIL 1970

TYPES AND FORMS
PHYSICAL AND THERMAL PROPERTIES

MASS INSULATION - Contd

Cellular insulation consists of small individual cells sealed from each other. Their major
difference is that each cell is hermetically sealed from all others. The materials which
fall within this classification are:

1. Cellular glass
2. Cellular plastics
The fact that a material is cellular does not mean that no gas can pass from cell to cell. Gas

will pass through many plastics; thus, there can be an interchange of gas through the walls of
the cells of cellular plastic insulations.

Flake insulation consists of small leaflike pieces. The material, of this description, most
commonly used for insulation is vermiculite.

Combination of these basic materials to produce an insulation of specific properties is quite
common. Granular material is used as bonding agent for fibrous and flake material. Fibers
ore added to gronular material to increase fensile strength. Therefore, in many instances,
a finished product can only be classified by the material which is its major component.

Forms of Mass insulation

These insulations are produced in many forms. Some of them are:

1. Rigid board, block, and pipe covering.
2. Semi-rigid board, block and pipe covering.
3. Flexible board and preformed pipe covering.
4. Blankets.
5. Felts.
6. Loose.
7. Tape.
8. Rope.
?. Cloth.
10. Paper.
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PHYSICAL AND THERMAL PROPERTIES

MASS INSULATION - Contd

Other insulotions are produced in one form and after application change into rigid material.
These are:

1.

Insulating or finishing cement made of fibers, grandules, or flakes with binders, in
loose form. When mixed with water to proper consistency, it is applied to surfaces
by trowel or palm. Sets to a rigid form after it has dried.

Fibers and binders made in bulk form. The fibrous mixture is applied to the surfaces
to be insulated by spray gun, which adds water to the mixture. The sprayed plastic

mix dries to form a rigid material.

Insulation mastics are fibers, flakes, or granules of insulation factory mixed with
binders and liquids to a heavy plastic consistency. Application to surface is by
trowel, palm, spray or brush. After the material has dried it becomes a firm semi-

rigid mass.

Sprayed organic foam consists of two (or more) liquids. When the components are
mixed together by spray gun or mixer, then applied, the chemical reaction causes
a fooming action. After reaction is complete the resultant mass is a cellular,
organic, rigid insulation.

Bulk bituminous granules, which are poured into cavities, generally in trenches
around underground pipe. After heat curing, the granules harden into a rigid
mass.

REFLECTIVE INSULATION

Reflective insulation is composed of parallel thin sheets, or foil , of high thermal reflectance,
spaced to direct rodiant heat back toward the source. The spacing is also designed to provide
restricted air (or gas) spaces. This reduces heat transfer by convection and conduction. In
most instances, the thin metal sheets, or foil, are made of aluminum or stainless steel.

Forms of Reflective Insulotion

Reflective insulation may be installed as part of building construction by the installation of
sheets or foil in walls or ceilings. In this case the material comes in rolls or sheets and is
field applied with other construction materials to form insulation.
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Reflective insulation is also obtainable in preformed pipe covering and panels to fit vessels
and equipment. .This is a rigid factory assembly. Because of the fact that these assemblies
are factory produced to fit the pipe configuration and individual equipment, most are custom
made to fit the piping or equipment to which they are installed.

A third form of reflective insulation is flexible insulation. Although a few years ago one
manufacturer devised a reflective lining for overcoats, there has been relatively little devel-
opment in flexible reflective insulations until very recently. However, the space agency

has developed insulation suits using light-weight reflective insulation as the principal thermal
resistance. This same development is also being used to maoke special svits for fire fighters.

Combination of Types of Insulation

Sheets of reflective insulation ore used with light density fiber insulation. In such an
ammangement the fiber material acts as the spacer for the reflective insulation and also pro-
vides resistance to heat flow by its low conductivity and causes resistonce to convective
air movement. The amount of surface contact between the reflective insulation aond the
mass insulation must be kept to a minimum to ensure effectiveness of the reflector.

Use of Vacuum in Insulation

Both mass insulation and reflective insulation are much more effective if in a vacuum. This
is due to the fact that air, and all other gases, does conduct heat. In the field of cryogenics,
insulation in vacuum is commonplace. The use of vacuum to obtain effective insulation is not

new. At the early part of this century, Sir James Dewar invented o container with an evacuated
space between the two silvered walls. This is called the Dewar flask and is now commonly known

as the "Thermos" bottle.

Using this same principle, insulation for low temperature gases is installed in evacuated wall
spaces. Sometimes the space is filled with powders and other times with reflective sheets
separated by layers of glass mat or cloth, This latter system was devised by |inde and s
named “Superinsulation."
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From the number of types, forms and varieties of insulation material, it is evident that there

must be considerobie differences in the properties of these materials. This being so, it becomes
important to understand the properties of these materials in order to select the one which will

satisfactorily serve for a given installation.

Some of the properties are of a nature which can be tested and numerically evoluated. Others,
although no less important, cannot be so evaluated. Some of the latter are:

1. Availability.

2. Price.

3. Shape and sizes available.

4. Straightness and squareness, or trueness.
5. Smoothness of surface. .

6. Cutting characteristics.

7. Dust hazord-health.

8. Compatibility with adhesive or cement.
9. Compotibility with coating (weather barrier).
10. Speed and cost of fabrication.

11. Speed and cost of installation.

12. Cost of shipping, handling and storage.

13. Efficiency of packaging.

Some of the items will, in the future, hove methods of testing by which they can be evaluated.
These are straightness and squareness, trueness, smoothness, cutting characteristics, ond com-
patibility with adhesives, cements or coatings. Other items such as availability, price, size
and shape avoilable are related to procurement ond are constantly changing, thus requiring
periodic reevaluation. In addition, other factors such as cost and speed of fabrication must
also be considered.

The workability of material is @ property which cannot be evaluated, at present, by technical

test methods. Thus, these properties ond factors although difficult to measure or evaluate,
ore important and must be considered.
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The physical, chemical, moisture and thermal properties are:

1.

2.

10.

1.

12.

13.

4.

Abrasion resistance.

Alkalinity, pH

. Caopillarity.

Combustibility

Flash point

Flome point
Self-ignition poi nt
Flame spread index
Smoke index

Fuel contribution
Melting point

c.n_-hmo.n o Q

. Corrosion - rusting of carbon steel or other metals.
. Corrosion - stress corrosion of stainless steel .

. Cracking - hot surface.

Density.

Dimensional stability.
Dusting.

Drop resistance.
Elongation,

Expansion coefficient.

Hardness.

UCC 002676
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15.
16.
17.

18,

19.

20.

21.

22.

23.

24.
25.
26.
27.

Hydroscopicity.
Resistonce to ocids.
Resistance to caustics.
Resistonce to solvents.
Shrinkage - heat.

a. linear
b. Volumetric

Solvent absorption.
Specific gravity.

a. Real
b. Apparent

Strength.

Breaking
Compressive
Flexural
Shear

. Tensile

® O 0o oo

Temperature [imits, minimum and maximum.
o. Continuous

b. Short periods

c. Cyclic

Temperature rise ~ self internal heating.
Thermal conductivity.

Thermal diffusivity.

Thermal shock resistance.
UCC 002677



CHAPTER IV

APPLICATOR TRAINING
cumlﬁggE STANDARD PAGE 72
AR DHMCALS £O PLASTICS APRIL 1970

TYPES AND FORMS

PHYSICAL AND THERMAL PROPERTIES

PROPERTIES OF INSULATION MATERIALS - Contd

28. Vibration resistance.

29. Warpage - in service.
30. Water absorption.

31. Woater vapor transmission.

Materials which are installed in a wet state, such as cements or mastics, have all the above
listed properties as dry materials, but in addition hove the foliowing:

1. Adhesion -

a. Wet
b. Dry

2. Shrinkage - wet to dry

" a. Linear
b. Volumetric

Organic foams applied in wet state have the property of swelling or as follows:
1. Exponsion - wet to cured

.a. Linear
b. Volumetric

All these properties relate to the properties necessary for a material to be purchased, shipped,
stored, fabricated, installed and ability to function properly in service.

Because these terms are those which describe materials, it is essential that the meaning of
each is clear and the significance of each is understood. In conversation, or written

communication, problems related to materials must be discussed in these terms. For this
reason the definition of each and the significance follows.
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Abrasion resistance, the ability of a material to resist wearing away when rubbed by another
material .

Significance: Whenever insulation is instalied on a pipe or vessel which vibrates or
moves, the insulation must be able to withstand the rubbing of the metal without wearing
away. On the other hand, many materials are formed by the use of abrasive materials
which rapidly grind the surface to the desired contour. Almost all insulations can be
abraded awoy. The problem is to obtain the degree of abrasion resistance desired. To
illustrate: Wood can be abraded away relatively rapidly by sand or garnet paper, but is
very satisfactory when used in Floors or furniture, particularly when protected with a
wear-resistant finish such as varnish.

Alkalinity (pH), A relative value of soluble caustic contained in the material.

Significance: A reference to indicate insulation materiols which may be applied to metals
without causing corrosion. Insulations slightly alkaline are suitable for carbon steel; whereas,
they should be slightly acid when applied to aluminum.

Capillority, the action by which the surface of a liquid, where it is in contact with asolid,
is elevated due to the relative attraction of the molecules of the liquid for each other and
for those of the solid.

Significance: This is a measure of liquid transfer through insulation. Should one water
leak occur in installed insulation, a high rate of capillarity spreads the water domage.

Combustibility, the capability of burning.

Significance: This property is vital in determining fire hazard. Meosurement of degree of
combustibility is quite difficult as there are many aspects to fire, fire spread and release of
gases and smoke. For this reason these various aspects of fire given below we re separated
for tests and evaluation.

Flash point is the temperoture at which the vapors from a material at that temperature
will flash into flame when ignited from an external fire source.

Flame point is the temperature at which the vapors will flash and continue to burn
when the ignition source is removed.
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Self ignition point is the temperature at which a material will begin to burn without
an external ignition source.

Flame spread index is the rate at which fire will spread from its original burning
point.

Smoke index is the measurement of the density of smoke given off when a material
burns.

Fuel contribution is the amount of heat given off by a material when it is burned.

Melting point is the temperature at which a material changes from a solid to a liquid
state.

Corrosion, rusting of carbon steel, or erosion of other metals by chemical action.

Significance: If the insulation causes rusting or corrosion of metals to which it is-applied,
failure of the pipe or equipment may occur .

Corrosion - stress, of austenitic stainless steel, is deterioration of austenitic stainless steel
due to attack of chloride ions.

Significance: The stress corrosion cracking takes place in the presence of concentrated
chloride ions. Moisture absorbed by the insulation from the atmosphere, or from rain, will
cause leaching of chloride contained in the insulation. To prevent this type of pipe or equip-
ment fatlure, either the stainless steel must be protected, or insulation used which does not
cause the stress cracking. Insulation, when used on stainless steel, should be tested to
determine if it will cause this corrosion.

Cracking - hot surface, is the cracking of the insulation on its face next to a hot surface to
which it is opplied.

Significance: Excessive hot cracking on the surface reduces the strength of insulation and
causes a loss in its efficiency.

Density is the weight per cubic foot.

Significance: Must be known to figure loading of supports, etc.
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Dimensional stability, is the ability of a material not to change in dimension in respect to

time or temperature.

Significance: This is generally considered to be change beyond ordinary change due to
expansion. Excessive shrinkage, swelling or warping, will cause excessive cracks and voids
with resuitant greater heat transfer.

Dusting, is the release of particles from insulation material as it is handled or cut.
Significance: - Dust particles are an annoyance and may be a health hazard.

Drop resistance, is the ability of a material to fall on a hard surface without chipping or
cracking.

Significance: In shipment, handling and application, this property affects the amount of
rejected broken material.

Elongation, the ability of a material to stretch without fracture.
Significance: Insulation, especially in high temperature service, is applied to metal
surfaces that expand and contract. The ability of insulation to elongate under tension

reduces its tendency to fracture.

Expansion coefficient is the unit change in dimension due to a unit change in temperature.

Significance: This property of an insulation material establishes the relationship of its
change in dimension in reference to other materials of construction. It is necessary to know
the value of the coefficient of expansion to calculate problems related to spacing, and
expansion {oints,

Hardness, the resistance of insulation penetration.
Significance: This physical property is often ignored in the insulation industry because of
wide range of surface hardnesses of various insulations. In some services a hard surface is

needed, while in others a soft surface is desired.

Hydroscopicity, the amount of moisture a material will absorb when exposed to domp air or

gas.

Significance: The amount of moisture contained in insulation affects many of its other -
properties including its thermal conductivity.
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Resistance to acids,
Resistance to caustics, The ability to resist the chemical action, or destruction.

Resistance to solvents,

Significance: All materials can be destroyed by various acids, caustics, or solvents. Thus
when insulation may be subjected to any of these, it should be determined which insulation
will resist the particular contaminate involved.

Shrinkage - heat, the amount of dimensional change due to being subjected to maximum tem-
perature for which the insulation is used. This change is both linear and volumetric.

Significance: Shrinkage is the major cause of cracks in high temperature insulation.
Solvent absorption: The amount of solvent, {or acids or caustics) that a material will retain

_after being wetted and allowed to drain. The amount of these liquids which a material will
retain may be quite different, especially as compared to water.

Significance: The amount of liquid a material will take up or hold constitutes o safety
hozard or fire hozard.

Specific gravity, the weight of material as compared to water. As most insulations contain
many voids of tropped air or gas, the apparent specific gravity is the weight of the insulation,
including all voids, as compared to the same volume of water. The real specific gravity is the
weight of the solids only as compared to the same volume of water.

Significance: The differences of these indicate the amount of air or gas space contained in
the insulation. 1t should be noted that from the apparent specific gravity given for most in-
sulations, it might be assumed that they would float on water. However, in mass cellular
insulation water can replace the air and if the real specific gravity of the solids is greater
than 1.0 the mass will sink.

Strength, the ability of material to resist forces. Strength is a combination of abilities to
resist many types of forces. These are breaking, compressive, flexural, shear and tensile.

Breaking strength is the obility of a material to resist o transverse load.

Compressive strength is the ability of a material to resist a pressing or squeezing load.

Flexural strength is the ability of a material to resist a bending load. Conversely,
fiexibility is the property to be able to be bent without fracture.
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Shear strength is the ability of a material to resist a slicing lood.

Tensile strength is ability of a material to resist a pulling lcad.

Significonce: The particulor combination of these various strengths is what makes one
material more suitable to fulfill a given set of physical requirements than another.

Temperature limits, the minimum and maximum temperature beyond which the insulation will
not give satistactory service. These temperature limits are offected by the time of subjection
to temperature and by the rate of change of temperature; therefore insulation temperature
limits are rated as continuous temperature, short period temperature, cyclic temperature.

Significance: When insulations are subjected fo temperatures beyond their limit, they
fail mechanicolly, thermally or chemically.

Temperature rise - self internal heating, the characteristic of some materials, which when heated,
experience an internal combustion reaction, with a resultant internal temperature rise well above
that of the heat to which it was subjected. :

Significance: This most often ruins the insulation and might ruin the surface to which it is
applied. In some instances it might cause serious accidental fire.

Thermal conductivity, the heat flow rate per unit of area, per degree, unit of length and time.

Significance: The basic measure of heat transfer, used in calculation of heat flow, economics
and temperature determinations. The lower the conductivity the more efficient an insulation
is in reducing heat flow.

Thermal diffusivity, the temperature flow rate per unit of area per degree unit of time.

Significance: This property is that which determines the rate of "heat-up" or "cool=down".
Materiols used in cyclic operation most generally require a material of high diffusivity;
whereas, materials used for fire protection should be of very low diffusivity.

Thermal shock resistance, the ability of a material to withstand rapid change in temperature
without cracking or spalling.

Significonce: Very important property for materials subjected to thermal shock or direct
fire impingement.
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Vibration resistance, the ability of a material to resist oscillating motion.

Significance: Many applications of industrial insulation are to surfaces thot vibrate. if
the material breaks down, packs, or settles because of vibration, it becomes ineffective
as a thermal insulator.

Warpage resistance, the ability of a material to maintain its trueness of dimension ofter
subjection to the effects of time, and high or low temperature.

Significance: Warpage of insulation in service causes cracks and openings between the

fitted insulation blocks or pipe covering. In additionit may cause failure in the weather barriers.

Water absorption, the amount of water that o material will retain ofter being wetted and
allowed to drain.

Significance: The amount of water an insulation will take up and hold directly affects
its conductivity .

Water vapor transmission, the rate of water vapor (moisture in gaseous state) movement of a
body between two specitied parallel surfaces, under steady conditions, through unit area,
for a unit time.

Significance: This is the most important factor for insulations used in low temperature service.
As vapor penetrates the insulation, it is likely to condense into liquid water and increase
the conductivity of the insulation.

In addition to the properties related to insulations instolled in the dry state, the properties
related to insulating cements that need to be defined are:

Adhesion, the ability of o material to stick to a surface. In water-mixed cements and mastic,
this ability to stick may be different when it is wet and plastic than when it is dry and in
solid state.

Significance: Good adhestion is necessary in the wet state for ease of applicotion and
sufficiently good adhestion is necessary in the dry state to keep the material from falling
off or parting from the substrate.

Shrinkage, wet to dry, the difference in volume and dimension from wet to dry state.
Significance: The omount of shrinkage affects the amount of insulation applied to obtain

that desired. Excessive shrinkage may cause cracks and loss of adhesion.
UCC 002684
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The preceding items are the terms used to describe insulation materials and their properties.

In many, test methods have been devised which are used to establish numerical values for

these properties. An engineer must use these numerical values to design and specify insulation
materials. However, these properties are frequently described in general terms. To illustrate,
assume one rigid insulation was described as having a compressive strength of 50 psi and another
of having a compressive strength of 125 psi. For design purposes, the numerical values must be
used. For general communication, it could be stated that the first had fair compressive strength
whereas the second had excellent compressive strength. -

To promote understanding between engineering and field erection, it is essential that both use
these terms when describing materials.

TABLES OF PROPERTIES OF VARIOUS INSULATIONS

Each particular insulation has its individual physical and thermal properties. The difference in
propertfies of one material as compared to others is whot determines its particular usefulness in
particular service requirements. There is no one material which is the best for all service
requirements. Thus each set of service requirements must be evaluated and the material (or
materials) most suitable should be selected.

In most instances selection of the materials for a particular set of services is a responsibility
of the design engineer. However, in some cases, such as emergencies, the insulction applicator
may be forced to make a material selection.

In this training course, it is impossible to present all the technical facts concerning all insulation
materials but it is certainly desirable for the applicator to have some of the basic facts of the
most commonly used insulations. For this reason tables presenting some of the basic physical

and thermal properties of insulations commonly used in industrial insulation has been prepared.

These tables have been tabulated in reference to the types and forms of the insulation. [ncluded
are Rigid and Semi-Rigid, Flexible, Blanket, Loose and Fill, Cements, Sprayed or Foamed

In Place, Reflective, and Cryogenic Vacuum insulation. Such forms as Tape, Rope, Cloth, Paper
has not been covered as it was felt thot these were very specialized.
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WEATHER-BARRIERS, VAPOR-BARRIERS, COVERINGS

FUNCTION OF WEATHER-BARRIERS, VAPOR-BARRIERS, AND COVERINGS

Weather-barriers are materials which will resist the weather elements such as rain, sleet,
snow, wind, solar radiation, and mechanical domage. .Such moterials are used to protect
thermal insulation from these abuses. In addition, these materials may be required to assist

in protecting insulation from fire and they also may be used to serve as pipe identification,
color identification, or as a decorative surface. A listing of the fundamental functions which
weather-barriers serve is:

1. Weather protection

2. Mechonical protection
3. Fire protection
4

Decoration

As explained in Chapter |, thermol insulation (with exception of reflective types) depends
upon finely divided air {or gas) spaces to retard the flow of heat. These small spaces are
formed by the flakes, fibers, or nodules of solids in the insulation, or they are formed by
cells in the material itself. Each space must be sufficiently small to cause considerable
resistance to air flow so that little heat can be transferred by air movement in the space it-
self. These small air spaces are essential to the ability of thermal insulation to effectively
retard the flow of heat. When insulation becomes wet, or partly so, all or part of these air
spaces become filled with water.

Heat transmission through water=filled spaces will approach the rate of conductivity of water
instead of air. The conductivity of water ot 70F means temperature is 4.7 Btu per sq ft per
inch thickness, per degree temperature difference per hour as compored to 0.17 for air.

Thus the increase of heat transmission through the spaces is increased by approximately 27
times. Therefore, from a completely dry to completely wet air, insulation will function at
less than 5% of its thermal resistance efficiency.

Besides lowering the effectiveness of the thermal insulation, on additional heat loss occurs

in drying out insulation once it becomes wet. As mast insulations are quite obsorptive, any
water which does get into the insulation must be vaporized to drive it out. The heat required
to vaporize one pound of water (at 212F) is approximately 1150 Btu. Expressed another way,
each pint of water which may leak into insulation will require approximately 1200 Btu of heat
to drive that water out of the insulation.

Because water leaks in insulation cause both of these losses of heot, it is necessary to have
effective weather-barriers to keep the insulation dry.
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AMBIENT CONDITIONS:

Air Temperature = 90 f

Relative Humidity = 80 %

Dew Point Temperature = 83 F
Vapor Pressure = 77.8 tbs/sq. ft,

Dew Point in Insulation

Vapor Barrier
Insulation

Pipe

Ambient Air Temperature
90F

Temperature Gradient

in Insulation

BO F
70 F
60 F
PIPE SURFACE CONDITIONS: 50 F
Pipe Temperature 30 F 40F
Relative Humidity = 1007
Vapor Pressure = 11.6 lbs/sq. ft. Pipe Temperature
30F

VAPOR PRESSURE DIFFERENCE =
Ambient vapor pressure minus pipe surface vapor pressure is 77.8 Ibs/sq. ft
minus 11.6 Ibs/sq. . equals 66.2 Ibs/sq. ft.

VAPOR PRESSURE DIAGRAM

Figure V=1
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DEW POINT TEMPERATURE

2F TASLE It
RRELATIVE HUMIDITY
[1] 5 200 25 30 35 40 45 S0 55 60 &5 JO 75 80 85 90 93 100
.35 <30 25 <21 =17 -14 =12 -0 -8 <4 -5 -4 -2 -l 12 i « 5
.31 25 20 -16 -13 -10 -7 -5 -3 -2 O 2 3 4 s 7 B 9 10
-8 =21 -)6 -12 -8 -5 -3 - t 3 s & 8 9 0 12 13 14 18
~24 =16 1) -8 -4 -2 2 4 & 8 10 1 13 14 15 16 w8 19 20
-0 -5 -8 -4 0 3 6 8 10 12 15 18 18 19 20 n 2 24 25
15 -4 <3 2 5 8 "N 13 s 7 20 n B M 25 TV B N N
-12 -3 1 5 $ 12 15 18 20 2 24 2 7 B N 332 I M4 38
-7 0 5 9 14 16 19 2 24 2 28 2 N 33 35 3% 3B X} 4
-4 3 9 13 7 20 23 25 28 30 32 34 ¥ B 3 4 &S 4 45
-1 7 13 17 D 24 W 32 M I P A L2 44 45 7 & %
3 1" 6 25 28 32 34 37 3 4 43 45 & & N 5 53 55
4 4 20 25 2 32 35 P 42 M4 4 48 0 52 4 55 ¥ ® 60
10 18 24 28 33 B 40 4 4 4 58 53 55 ST % 60 62 &3 &5
13 2 22 33 37 4t 45 48 S50 53 55 57 60 62 64 &5 67 6 20
17 25 32 I 42 48 49 52 55 57 &0 62 64 &5 &9 0 T2 74 75
20 2 35 4 &% S0 54 5 40 &2 &5 &7 &% 7: V4 75 7T ™ 80
23 32 40 45 0 S4 =B 8 84 &7 &9 72 24 7 78 80 82 83 85
27 W 44 4y 5S4 B 62 66 &9 72 74 77 YTP Bl 83 85 8 8 90
30 4 48 54 H 63 67 10 FI 76 I 82 B4 B B8 O 9 93 98
34 44 52 =B 63 8 N s 1™ Bl 84 8 88 9 92 94 9% 98 100
3 48 56 62 67 7 2 79 Bz 85 B3 $O 93 95 97 ¥ 10t 103 105
a 52 80 & 71 77 80 B4 87 90 92 95 98 JOD 102 104 106 108 N0
4 5% 64 70 75 80 84 B8 91 94 §7 100 102 105 W07 W09 il N3 s
8 80 & 74 79 85 88 92 9% 9 102 105 %07 109 112 114 16 118 120
s: 63 72 78 84 89 93 %7 100 104 107 W05 1N V4 W2 19 121 123 128

Problem: Given o "Dry-Bulb’ tempesoture of $0F ond o relorive
humidity of 25% Find the Dew Point Tempetotura.

Table V-2

Solution;: From o ' Dry~Bull’ remperature of 40F in the left
column, read ocross the toble to the right. Where

thit line intersects the column of 25%relotive

humidity, we rend 0 Dew Point Temperature of 25 F.
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WEATHER-BARRIERS, VAPOR-BARRIERS, COVERINGS

FUNCTION OF WEATHER-BARRIERS, VAPOR-BARRIERS, AND COVERINGS - Contd

Coverings are materials used to protect insulation from mechanical damage. These may be
also used as pipe identification and as decorative surface. They ore used indoors, but may not
have the qualities necessary to be classed as a weather-barrier. Weather-barriers can be used
indoors as coverings, but coverings not possessing good weather-resistant qualities must not

be used outdoors. In many instances, the difference between insulation weather-barrier and
insulation covering is not the moterial itself but the manner in which it is installed. To
illustrate, many jackets installed outdoors with sealed joints to resist rain are weather-barriers.
The same jackets installed indoors with unsealed joints are coverings.

In some instances, one single material may be used both as a weather-barrier and vopor-
barrier or o covering and vapor-borrier. In other applications, two separate materials may be
used where vapor control is required.

REQUIREMENTS IMPOSED ON WEATHER-BARRIERS, VAPOR-BARRIERS, AND COVERINGS

To fulfill their function in protecting insulation, there are many demands imposed on weather-
barriers, vapor-barriers, and coverings.

For successful protection of thermal insulation, the barriers and coverings must stay in place

on the insulation and withstand movement caused by expansion and contraction without cracking
or breaking. To accomplish this, the barriers, or coatings must possess mechanical strength,
They must have sufficient flexibility and tensil strength to resist pulling action such as the
exponsion of surface tronsmits to the barrier. The barriers must have shear strength to resist
pulling action such as the expansion the surface transmits to the barrier. The barriers must have
shear strength to resist up and down motion of blocks and pipe insulation. These mechanical
stresses imposed by internal sources to barriers are illustrated in Figure V-2,

Other than forces from internal sources, barriers and coverings are exposed to external forces.
Most insulations are relatively soft, thus any load applied to the surface must be transferred
by the weather-barrier to the insulation without damage to the barrier. Mechanical abuse,
such os a man walking on insulation, forces of wind involving impact, shear, compressive
loading, and abrasion are abuses to which weather-barriers are subjected. The barriers or
coverings must resist all of these, which are illustrated in Figure V-3.

Of course, a weather-barrier's primary function 1s to resist the weather to which it is subjected.
Weather is quite complex. In parts of the United States, the temperature may go as low as -40F
and in other ports of the country it rises to 115F. The weather-barrier applied to thermal insulation
may in winter be even colder thon the cold winter air. Conversely, when weather-barriers are
used on thermal insulations over hot surfaces, the effect of the heat from the pipe plus solar
radiation will cause outer surfaces to be considerably higher than the ambient temperatures.
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or Covering
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MECHANICAL STRESSES ON BARRIERS
FROM INTERNAL SOURCES

Figure V-2
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Figure V-3
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REQUIREMENTS IMPOSED ON WEATHER-BARRIERS,- VAPOR-BARRIERS, AND COVERINGS.~ Contd

In additidn to weather, acid, caustics, and chemical fumes or spillage can domage weather
barriers, vapor barriers, or coverings. It is of paromount importance that these be resistant
to fumes and spillages to which they may be subjected.

The barriers or coverings used in chemical plants must not increase the fire hazard within the
plant. Fire hazard con be increosed in several ways. One is that the barrier or covering
could contribute to o fire or cssist it to spread. Another is that it might create toxic smoke

by its combustion. Still another is that it could react with chemical spillage or fumes to cause
an accidental fire. A good weather-barrier, vapor-barrier, or covering should resist fire ond
help protect the insulation so as to provide a thermol shield between the fire and piping and
equipment,

These are the requirements imposed upon weather-barrier, vopor=barriers, and coverings.

" Eoch individual type of barrier or covering has its individual set of properties which make it

more or less suitable to fulfill the requirements. Selection of materials to be used is based
on its ability, including its associated economics.

~ PROPERTIES OF WEATHER-BARRIER, VAPOR-BARRIERS, AND COVERINGS

Many materials have been used as weather-barrier and coverings. In general, they fall into
two classifications: jackets and mastics. Each of these has certain properties by which it is
evaluated to fulfill the installation requirements.

Evaluation of each material as to its properties is beyond the scope of this manual. However,

it is well to establish the relation of properties with requirements. This relationship between

property and requirements is stated to be the significance. These lists, one for jackets ond
one for mastics, of the properties of weather-barriers and coverings follow:

PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE

Application Properties

Definition: The properties which influence or affect proper installation of the jacket.

Cutting Characteristics

Definition: The ability of the jacket to be secured.

Significance: The ability of a material to be cut cleanly without ragged or jagged
edges and without tearing. This property must be related to the use of proper tools
and methods.

UCC 002699
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PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE - Contd

Application Properties - Contd

Ductility
Definition: The ability of the jocket to bend, flex, or be drawn.

Significance: The ability of the material to conform to required shape without tearing ,
or being otherwise damaged.

Service Properties

Definition: Properties which govern performance of the jacket after installation.

Abrasion Resistance

Definition: Ability of a jacket to withstand scuffing or scratching without domage .

Significance: This ability determines if o jacket is able to withstand mechanical
abuses of scuffing or scratching or related abrasive action.

Appearance
Definition: The external view of the instalied jacket.
Significance: The ability of the jacket to be applied cleanly and neotly. lts ability
to provide an even and pleasing surface, to harmonize with its surroundings, and remain

that way in service.

Conductivity, Thermal

Definition: The ability of the jacket to transmit heat.

Significance: When surface temperatures are high, the higher the thermal conductivity
of a jacket the more likely it is to cause burns to anyone who comes in contact with it.

Emittance

Definition: The ability of o jacket to radiate energy due to its temperature being
higher than the temperature of surrounding bedies.
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PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE ~ Contd

‘Service Properties - Contd

Emittance - Contd

Significance: The ability of the jacket to transmit heat to ambient air and surrounding
bodies offects the surface temperature. On high temperature installations, low surface
emittance can cause surface temperatures to be sufficiently high to be hazardous to
personnel . This is particularly true as the small amount of radiant heat causes no
warning to a person that the surface is hot.

Flash Point

Definition: The temperature of the jacket, at which a spork will cause a flash flame.
Burning will not continue unless the material is above fire point.

Significonce: This temperature is that at which sparks and fire must be kept from the
material to prevent flash flame.

Fire Point

Definition: The temperature of the jacket at which, when ignited by spark or flome,
the material will continue to burn.

Significance: This is the critical temperoture, at which a material is flammable.
Fire point of a material affects the fire hazard to personnel and property.

Fire Self-lgnition Point (Autogenous Ignition)

Definition: The temperature of the jacket, at which, in presence of air, the jacket
will burst into flome without being ignited by spark or fiame.

Significance: This is the temperature at which the material will automohco“y burst
into flame. As such, it offects fire haozard.

Flammability
Definition: The ability of a material to support combustion.

Significance: This is a general statement of the ability of material to support combustion.

Flosh point, fire point, fire self-ignition point, and flame frovel are measures of degree
of flammability.

UCC 002701
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PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE - Contd

Service Properties = Contd

Flame Travel

Definition: The rate, in respect to distance and time, flame will spread
over the jacket surface.

Significance: High rate of flame spread is a contributing factor in accidental fire
getting out of control.

Flaome Resistance

Definition: The ability of the jacket to resist burning when subjected to flame. -

-
Significance: This is a general statement of the ability of o material to resist-combustion
when subjected to a flome. —

Hardness
Definition: The ability of a jacket to resist penetration.

Significance: This property determines the ability to resist puncture. This property
L affects service life of the jacket.

Heat Stability

Definition: This is o combination of related properties which affect the overall
stability of the material.

Significonce: High or low temperatures do cause change in the properties of the
jacket. Either o peak temperature, or extended high or low temperature moy adversely
- affect mechanical properties of the jacket.

Impact Strength

Definition: This, too, is a combination of other physical properties, including hard-
ness, ductility, sheor and tensile strength.

Significance: Although this is a combination of properties, comparative test methods
’ have been devised to evaluate materials. The ability of a jacket to withstand o
mechenical blow is one measure of its ability to remain water-tight .
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PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE - Contd

Service Properﬁés - Contd

Low Temperature Embrittiement

Definition: The temperature at which the jacket loses its flexibility.

Significance: This is the temperature at which the jocket becomes brittle, when
relative slight strain or impact can cause it to break. This temperature indicates
the service suitability of the material.

Melting Point

Definition: The temperature above which the joint changes from the solid state to the
liquid state.

Significance: This temperature causes complete change of physical properties from
those as a solid to those of aliquid. This temperature is important to fire hazards

as molten drip may be source of secondary ignition.

Puncture Resistance

Definition: The ability of a material to resist penetration of a sharp object applied
to its surface by mechanical force.

Significance: This property is similar to impact resistance except that puncture is
associated with a sharp object. Puncture resistance affects the service suitability

and service life of jackets.

Reflection Factor - Light

Definition: The ratio of the light reflected by a body to that incident on it,

Significance: The amount of light reflected by a jacket affects the need for over-
coating with paint to obtain good lighting.

Reflectance - Light

Definition: The ratio of radiant light flux reflected by a body to that incident upon
it.

UCC 002703
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Reflectance ~ Light = Contd

Significonce: The amount of light reflected by a jacket affects the need for over-
coating with paint to obtain good lighting.

Reflectance ~ Thermal

Definition: The ratio of radiant heat flux reflected by a body to that incident upon
it. For an opague body, the sum of reflectance and absorptance for the incident

radiation is unity.

Significonce: On low temperature applications locoted where they are subject to
radiation, the reflectance greatly influences the amount of heat which reaches the

insulation system.

Resistance to Acids, Caustics, Solvents

Definition: The ability of the jacket to resist deterioration when subjected to acids,
caustics, or solvents in liquid or vapor state.

Significance: The ability of the jacket to resist the acti on of acids, causties, and
solvents under service conditions determines its serviceability for various opplications.

L Shear Strength

Definition: The ability of the jacket to resist cutting action of forces acting upon
it in parallel and opposite directions.

Significance: The jocket must have the ability fo resist shear in service. During
high winds, the effects of lift cause high shearing action at securement bands.
Conversely, the jacket must not be too difficult to cut; otherwise, installation cost
becomes excessive.
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PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE - Contd

Service Properties - Contd

Softening Point

Definition: The temperature above which the jacket begins to soften, becomes tacky,
or loses its physical strength. '

Significance: The softening point is one factor in setting the maximum service
temperature to which a material should be subjected.

Tear Strength

Definition: The ability of a material to resist being pulled apart by externally
applied force.

Significance: This property determines the ability of the jacket to withstand ripping.

Tensile Strength

Definition: The ability of the jacket to resist being pulled apart by equal and
opposite forces.

Significance: This property determines the ability of the material to withstand the
frictional pull imposed on it by the expansion of pipe and vessels upon which the
insulation and jacket are installed. The ability of the jacket to enlongate under
tension can assist in reducing the effect of the tension forces tending to pull it
apart.

Temperature Limits

Definition: These ore the high and low temperatures above and below which at least
some of the properties of the jacket ore so adversely affected that the jocket becomes
unsatisfactory or unusable .

Significance: These limits determine the temperature range of usability of the jacket.

Thermatl Shock Resistanc;

Definition: This is the ability of the material to resist impairment of its properties
caused by sudden change in temperature.

f;gnifi:onlce: A fo|st rate of change of temperature can have adverse effects on some
es of plastic or laminated jaockets.
minatec jackels.  ycc 002705
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PROPERTIES OF JACKETS AND THEIR SIGNIFICANCE - Contd

Service Properties ~ Contd

Water Vapor Permeability

Definition: The ability of the jacket to transmit moisture in the vapor state.

Significance: The ability to transmit moisture is desirable in some applications,
such as when the insulation and jacket are applied on hot surfaces. When the
insulation and jacketing is on cool or cold surfaces, then a low water vapor
permeability is required. This water vapor permeability affects the selection of
materials and the service life of the insulation.

Water Resistance

Definition: In most instances this is applied to two different properties. One, the
ability of the jacket to retain its properties when subjected to water; two, the ability

of the jacket to resist the passage of voter.

Significance: This resistance to water determines and influences the life of the jacket
when exposed to rain, sleet, snow, or water submersion. The resistance to water
passage affects the efficiency of the insulation and its service life.

Weather Resistance

Definition: Is the ability of the jacket to withstand all of the ravages weather imposes
on it.

Significance: The ability to resist weather is the basic function of the jacket when
used in outdoor applications. Weather resistance affects both the performance and
service life of the jacket.

PROPERTIES OF MASTICS AND THEIR SIGNIFICANCE

Mastics have mony identical or similar properties, particularly in service as jockets. However,
some of these that are similar may be just sufficiently different that there will be some difference
in the definition and the significance. Therefore, in spite of some duplication, these same
properties which apply will be repeated in the list of properties for mastics.
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PROPERTIES OF MASTICS AND THEIR SIGNIFICANCE - Contd

Application Properties

Definition: Properties which influence or offect the proper installation of weather
barriers or coverings.

Build

Definition: The thickness to which a coating or mastic finish can be applied without
sagging, running, sliding, or dripping.

Significance: Finishes for thermal insulation must be capable of application on vertical
or overhead surfaces at specified coverage without subsequent reduction in thickness,
caused by excessive flow or slump. Build also determines the number of coats required
for optimum dry thickness.

Consistency

Definition: The resistance of a non-Newtonian material to deformation or flow.
NOTE: Consistency is not o fundamental property but is made up of viscosity,
plasticity, and other rheological phenomena. In non-Newtonian behavior, which

is the usual case with mastics and coatings for thermal insulation, the ratio of shearing
stress to the rate of shearing strain varies with the shearing stress.

Significance: Consistency determines whether a mastic or coating can be troweled,
gloved, brushed, or sprayed. It hos a direct effect on application costs,

Corrosion or Solvent Attack

Definition: Harmful effect on metals or thermal insulation of contact with finishes.

Significance: Finishes must not chemically attock insulation or adjacent metals to
cause deterioration of the installation.

Coveroge

Definition: The rate in square feet per gallon (coatings) or gallons per 100 square
feet {mastics) at which finish must be applied to obtain satisfactory performance.
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PROPERTIES OF MASTICS AND THEIR SIGNIFICANCE - Contd

Applicati

on Properties - Contd

Coverage ~ Contd

Significance: The performance of finishes'is directly related to the dry film thickness
applied. Performance properties must be defined in terms of dry thickness, and this
value must be established for application purposes in terms of coverage. Coverage
data are essential for estimating quantities and cost.

Drying Time or Curing Time

Definition: Elapsed time required for a mastic or coating finish to dry or set after
application before it may be placed in aperating service. NOTE: Drying time implies
time during which applied finish is sensitive to local damage by weather or personnel .
Curing time implies time required to reach optimum service properties.

Significance: Performance properties of finishes depend on adequate drying and curing.

Premature service operation may lead to finish failure. Curing time data are needed
to establish construction schedules.

Flash Point

Fire

Fire

Definition: The temperature of the jacket, at which a spark will couse a flash flame.
Burning will not continue unless material is above fire point.

Significance: This temperature is that at which sparks and fire must be kept from the

material to prevent flash flame.
Point

Definition: The temperature of the jacket at which, when ignited by spark or flame,
the material will continue to burn.

Significance: This is the critical temperature at which a material is flammabie.
Fire point of a material affects the fire hazard to personnel and property.

Self-ignition Point {Autogenous Ignition)

Definition: The temperature of the jacket, at which, in presence of air, the jacket
will burst into flame without being ignited by spark or flame.
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Fire Self-lgnition Point (Autogenous Ignition) - Contd

Significance: This is the temperature at which the material will automatically burst
into flame. As such, it aoffects fire hazard.

Flammability (during application)

Definition: The ability of a material to support combustion.

Significance: Finishes which contain volatile flammable solvents may ignite readily
from a source such as welding sparks and spatter, electrical short circuits, open flames,

or personnel smoking. Such o fire could spread very rapidly over freshly finished
surfoces.

Freeze-Thaw Resistance

Definition: Resistance to change in application and performonce properties caused
by exposure to alternate cycles of freezing and thawing.

Significance: Both application and performance properties can be affected by sub-
stondard freeze~thaw stability in water-base products. Susceptibility to freeze
damage affects shipping methods, storage facilities, and application schedules.

Gap Filling and Bridging

Definition: The ability to bridge, fill, and level joints and gaps in installed thermal
insulation.

Significance: Joints and gaps exist in installed block insulation. If these are not

adequately filled or bridged, the protective value of the finish will be seriously
impaired.

Shrinkage

Definition: Change in volume from wet to dry state observed after mastics and coatings
have been applied and cured.

Significance: While all finishes containing volatile solvents will show shrinkage
during curing, it is important that the finish not crack or delaminate during this
process. Shrinkage value must be known to establish coverage rate.

uccC 002709
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PROPERTIES OF MASTICS AND THEIR SIGNIFICANCE - Contd

Application Properties - Contd

Sizing ond Sealing

Definition: The ability to prevent excessive absorption of finish into porous insulation.

Significance: Excessive penetration of finishes into insulation will affect adversely
the performance of the finish and the conductivity of the insulation,

Storage Stability

Definition: Resistance to change in application or performance properties caused by
prolonged storage. Storage life is the time during which the product con be stored -

under specified conditions and remain suitable for use. 7
//-

- //
Significance: Both application and service properties can be affected by sub-standard
storage stability. This property offects purchasing, storage facilities, and construction
scheduling.

Surface Wetting and Adhesion

Definition: The mutual affinity of and bonding between finish and surface to which
it is applied.

Significance: Coatings and mastics must readily wet and bond to insulation surfaces
without special treatments and/or application techniques. Ease of appli cation and
cost of application require good surface wetting and adhesion.

Temperature and Humidity Range {during application)

Definition: The limiting temperatures and relative humidities between which practical
application of finish can be made without harmful effect on properties.

Significonce: Application of finishes under exireme atmospheric temperature and
humidity conditions can hinder or prevent attainment of necessary coverage and proper
cure, thus significantly changing performonce properties. The temperature of the sur-
face to which the finish is applied also must be considered.
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PROPERTIES OF MASTICS AND THEIR SIGNIFICANCE - Contd

Application Properties ~ Contd

Toxicity

Definition: Harmful physiological response to vapor inholation or skin contact with
finishes during application.

Significance: Finishes should not adversely offect health of personnel making application.
Container labels must legally and adequately describe any health hazard involved in using

the product.

Service Properties

Definition: Properties which govern performance of finishes ofter installation,

Abrasion Resistonce

Definition: Ability to withstand scuffing, scratching, rubbing, or wind-scouring
without loss of protective properties.

Significance: Abrasion resistance in severe service locations is essential to prevent
water penetration through the finish. It offects service life and maintenance schedules.

Adhesion

Definition: The bonding of finish to insulation, usuclly by interfacial forc es of
attraction.

Significance: Mastics and coatings should bond strongly to insulation surfaces to
afford maximum protection and resistance to delamination in service. This property
is difficult to meosure on insulation materials of low cohesive sirength.

Chemicals and Water Resistance

Definition: Capability of withstanding exposure to designated acids, alkalies, salts,
their vapors and solutions, and water, both pure and industrial .

Significance: Attack by or absorption of chemicals and water con materiolly reduce

the performance and service life of finishes not resistant. Atmospheric contamination
and spillage of chemicals are more common forms of chemical exposure of finishes.
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PROPERTIES OF MASTICS AND THEIR SIGNIFICANCE ~ Contd

Service Properties ~ Contd

Color

Definition: The aspect of appearance dependent upon special composition of the
incident iight and the spectral response of the cbserver,

Significance: Color of insulation finishes is dependent on incidence of area dirt

and fallout, solar heat load, identificotion codes, and concealment, as well as
ceathetic consideration. Color standards are to be established by ogreement between

buyer and seller.
Elongation
Definition: Extension produced by a tension force.
Significance: This property determines the ability to withstand pulling stresses
exerted during expansion of substrates to which the finish is applied. Adequate

elongation will ensure no cracking due to tension forces.

Flash Point

Definition: The temperature of the jacket, at which a spark will cause a flash flame.
Burning will not continue unless material is above fire point.

Signiticance: This temperature is that at which sparks and fire must be kept from the
material to prevent flash flome

Fire Point

Definition: The temperature of the jacket at which, when ignited by spark or flame,
the material will continue to burn.

Significance: This is the critical temperature, at which a material is flammable.
| Fire point of a material affects the fire hazard to personnel and property.

Fire Self-lgnition Point (Autogenous Ignition)

Definition: The temperature of the jacket, at which, in presence of air, the jacket
will burst into flame without being ignited by spark of flame.

?ignificunce: This is the temperature at which the material will spontaneously burst
into flome. As such, it affects fire hozard.
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PROPERTIES OF MASTICS AND THEIR SIGNIFICAN CE - Contd

Service Properties - Contd

Fire Hozard
Definition: Susceptibility to ignition and consequent surface spread of flame.
Significance: Low surface spread of flame is important to prevent fire growth oway
from an accidental fire. Fire hazard affects personnel safety, property values, and

insurance rotes.

Flexure

Definition: Ability of finishes to be deformed by bending or twisting without loss of
protective properties.

Significance: Flexibility of finishes changes with temperature, so temperature limits
of use must be considered in establishing flexure limits. Finishes often are instalied

over relatively soft insulation, which requires that they have good flexibility to
maintain protective properties.

Impact Resistance

Definition: Ability to withstand mechanical blows without [oss of protective properties.

Significance: The ability to resist mechanical blows is a measure of ability suit-
ability ond service life.

Molid and Mildew Resistance

Definition: Capability of resisting deterioration by fungi.

Significance: Growth of micro-organisms in the form of mildew or mold on the surface
of finishes will cause unsightly appearance and can cause sub-standard performance.

Odor

Definition: Scent, emanation, effluvium, or smell from finish.

Significance: Odor from finishes may be undesirable if it could contaminate foods
or other materials exposed to it.

UCC 002713
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B Service Properties ~ Contd

Temperature Limits

Definition: The limiting temperatures between which finishes will perform satisfactorily.

Significance: Temperature level, duration, and rate of change must be considered in
evoluotion. Temperature limits offect selection of finish, performance properties, and

service life.

Water Vapor Transmission Rate

Definition: Befween two specified parallel surfoces, the time rate of water vapor flow,
normal to the surfaces, in ¢ steady state, through unit area, under the specified conditions.

Significance: The flow of water vapor through o permeable finish is a function of the
difference of vapor pressures at its surfaces. If such a flow results in accumulation of
water within insulation, serious changes in thermal conductivity and physical damage
can result. In some installations, a relatively high rate is dzsirable to permit evaporation

of water from heated insulation.

Weather Resistonce

Definition: Resistance of finishes to deterioration by exposure to various weather
conditions.

Significance: Both physical and chemical changes can occur upon weather exposure
and these changes con affect performance properties, service life, and maintenonce
- schedules.
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PROPERTIES OF ACCESSORIES USED WITH WEATHER-BARRIER,
VAPOR-BARRIERS, AND COVERINGS

Other than jackets and the mastics, a number of accessories are used with or are a part of
the weather-barrier and covering systems. Some of these are tapes, fabric reinforcings for
mastics, adhesives, sealers, caulking compounds, overcoatings, and intumescent paints.

In most instances, tapes would have the same iist of properties as jackets, with the additional
properties such as initial adhesion, service adhesion, slip, and peel resistance which would
be of significance.

Reinforcing fabrics as part of the mastic weather-barrier or covering system influence the
in-service properties of the mostic, thus in-service properiies of mastics are measured with
the proper reinforcing cloth as port of the mastic system.

Adhesives, sealers, caulking compounds, and overcoating also have approximately the same
list of properties as listed for mastics, with emphasis placed on the individual property related

to the function each performs.

Intumescent paint is a special overcooting used for fire protection, thus its properties include
that of fire resistance and heot retardation.

TYPES OF WEATHER-BARRIER, VAPOR-BARRIERS, AND COVERINGS

Many types of materials have been used as weather barriers, vapor borriers, and coverings,
All of those listed are, to some degree, being used in the insulation industry. Those used

by Union Carbide Corporation are those which are selected to best fulfill our needs, including
our fire safety requirements.

Jackets

Almost all jackets can be applied around straight pipe with relative ease. As barriers over
fittings, valves, irregular surfaces, jackets are difficult to opply. However, factory-
fabricated jackets partly solved this difficulty. Unless considerable care is exercised, the
joints between jackets are not water-tight. Some of the matericls used for weather-barrier
jackets are:
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Felt jackets are made of asbestos and asphalt, asbestos sheets, ond osbestos-asphalt

Telt, and rag felt with asphalt. All of these have excellent weather-resistant char~
acteristics, but most are combustible, or have o high index of flame spread.

Plastic jockets are made of heavy calendered plostics such as polyvinyl acetate,
ond Mylar, The properties of these cover a wide range, depending upon the plastic
used.

Composition jackets are made by the combination of two or more materials bonded
together. There are numerous combinations of materials used in making up this
type of jacket. Some of the most common are:

Aluminum foil and craft paper

Aluminum foil and gloss cloth

Aluminum foil and polyvinyl acetate

Polyvinyl acetate and gloss cloth

Polyvinyl chloride and glass cloth

Polyvinyl acetate, aluminum foil, and glass fibers
Asbestos ond polyvinyl acetate

Metal jackets are made of non-corrodable metal and/or metal treated to resist corrosion.
In addition, especially for aluminum, an inner facing of treated craft poper moy be
bonded to the metal to reduce corrosion due to caustic action of the insulation. In
some instonces, these jockets are prerolled, precut, with preformed joints to reduce

the difficulty of field installation. Some of the metals used for weather-barrier

jackets are:

Aluminum

Aluminum with inner loyer of croft paper
Galvanized steel

Galvanized ond painted steel

Stainless steel

Tapes, which ore o form of jackets, are also produced of many materials, such as
rubber, fabric, aluminum foil, polyethylene, polyvinyl chloride, polyviny! acetate,
glass fabric, or glass fiber, or a combination of these materials. In most instances,
they are produced with a pressure-sensiti ve adhesive on one or both sides. Presently,
there are 400 to 500 different tapes on the market.
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TYPES OF WEATHER-BARRIERS, VAPOR-BARRIERS, AND COVERINGS - Contd

Mastics - Weather Barriers

Similar to the jackets, there are many materials used as mastics for weather-barriers. In
most instonces, it is recommended that the mastics be reinforced with a membrane to provide
higher tensile strength and tear resistance. For this reason, the membrane most commonly
used with each mastic wiil be mentioned.

Cutback asphalt and fiber reinforced with 20 x 20 glass cloth is generally an
excellent weather barrier and vapor barrier. However, due to high shrinkage and
pinholing, it must be applied in two coats and heavy thickness. Recommended
thickness is not less that 1/8 in, This coating is combustible in wet state.
Additives are sometimes mixed into the material to reduce the burning rate ofter
material has dried.

Asphalt-Gilsonite cutback reinforced with 20 x 20 glass fabric has characteristics
similar to ospholtic cutback, with the exception that the Gilsonite tends to increase
weather resistonce and flexibility of the dry film.

Asphalt emulsion reinforced with one-inch hexagonal wire netting is one of the
oldest materials used as a weather barrier. Due to water content, they are fire

sofe during opplication but will support combustion after the emulsion has dried.
Because of high shrinkage, they must be applied in two or more coats to cover shrink=-
age cracks. Recommended dried thickness is 1/4 in. Dries to a hord, stiff, film
with little flexibility.

Polyvinyl Acetate emulsion reinforced with Dynel cloth is basically o breathing-
type mastic, meaning that it has high vapor transmission rate and is an excellent
weather=barrier but poor vapor-barrier. This mastic is fire-safe during application,
has o low rate of flame travel, and fire resistive. Because of its low shrinkage and
good filming properties, it need only be 1/16 inch thick after it has dried.

Polyvinyl-Acetate-Acrylic modified emulsion reinforced with Dynel cloth has similar
characteristics to the polyvinyl acetate emulsion.

Acrylic emulsion reinforced with Dynel cloth has similar characteristics to the
polyvinyl acetate emulsion, with the exception that it has better elongation and
flexibility than the PVA mastics at temperatures below 30F.
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TYPES OF WEATHER-BARRIERS, VAPOR-BARRIERS, AND COVERINGS - Contd

Rubber lotex emulsions reinforced with glass fabric or Dynel cloth have excellent
flexibility at temperatures above 50F. Their weather resistance is not as good as
other coatings ond most formulations of these will support combustion after they
have dried.

Vapor-Barrier mastics may be or may not be good weather-barriers. Various
types of resins have been formulated as vapor-barriers. Some of these are

viny! chlorides, Hypolon, Monolar, acrylics, and other synthetic resins. In
most instances when used outdoors in industrial applications, it is good practice
to protect the vapor-barrier with a weather-barrier.

Coverings
~oyenngs -

Coverings are used over insulation installed indoors where it requires no weather- barrig./
However, depending upon operating temperature, the insulation may or may not require
vapor-barrier.

Covering Over Insulation Requiring Vapor-Barrier

Semivapor-resistant insulation which must be sealed with a vapor-barrier may use any of the
previously mentioned types of vapor-barriers. The covering over this vapor~barrier may be
needed to add strength, or simply to provide color to match surroundings. The covering may
be a paint, jacket, or reinforced coating. Whichever type of finish is selected, it must be
compatible with the vapor-barrier.

Coverings Over Insulation Not requiring Weather-Barrier

Insulated surfaces located indoors, where not subjected to washing down, need no weather-
barriers. Typical is insulation installed on commercial building piping, equipment, and duct-
work. As most insulation surfaces are not suitable as an exterior finish because of their softness,
abrasiveness, or dustiness, a covering must be provided. A large number of finishes are available.

Many pipe insulations are obtainable with factory-attached jockets suitable as an outer surface,
or suitable as a base for a finish. Such outer surface jackets may be asbestos lominated jackets,
foil faced jockets, composition fire retardant jackets, or metal jockets. When such jackets

are suitable, they must be selected to fulfill the service and appecronce requirements.
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TYPES OF WEATHER~BARRIERS, VAPOR-BARRIERS, AND COVERINGS - Contd

Factory-atiached canvas is supplied with much pipe insulation as standard practice. 1t heips
prevent damage to the insulation in shipping. In most instances this canvas is removed before
the insulation is installed., However, the canvas can be repasted in ploce and provides a
base for the surface finish. A polyvinyl acetate "lagging adhesive” of paint consistency is
used as a paste to secure the canvas to the instalied insulation. Additional coats of the
polyvinyl acerate on the outside of the convas provide the final surface or o base for an
overcoating. Color can be added to the polyvinyl ccetate cooting if desired.

Where fire hozard is o consideration, gloss cloth can be used instead of canvas. It is applied
in the same manner as the canvas.

Equipment insulated indoors, such as in machinery rooms or pewer planis, alsc requires an
outer finish. Depending upon the insulation used, ond the manner of application, this finish
is obtatned by using jackets or polyvinyl acetate finish.

If a jacket is used, the surface to which it is applied must be smooth and even. The seiection
of a jacket is the same as stated for pipe covering.

When equipment is insulated with lags or a soft insulation, it must be given a 1/2 inch thick
coating of insulating cement reinforced with one-inch hexagenal wire mesh, After this has
dried to a 1/4 inch thickness, hard finish cement is troweled onto o smooth even surface.
Canvas or glass cloth is then pasted to this surface with palyvinyl acetate "lagging adhesive ™
An additional coot, or coats, of the polyvinyl acetate is then brushed over the cloth to provide
the finished surface.

The same procedure js followed when high temperature block is instalied on flat surfaces such
as boiler ducts.

If cylindrical equipment is insulated with prefabricated curved segments and heads, the 1/2 inch
insulation cement coating can be eliminated and the 1/4 inch finish cement can be applied
directly to the insulation, The balence of the procedure will be identical to that previously
stoted. '

Overcoatings
Overcoatings are used for three main reasons: (1} pretection frem acids, coustics, or solvents

that the finish, wecther-or vapor-kbarrier canncot withstand; {2) to provide an appearance not
possible from the insulation finish; (3} to provide fire resistance.
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Overcoatings for Acid, Caustic, or Solvent Protection

Weather-barriers, vapor-barriers, and finishes used with insulation are designed to function
with the insulation under ordinary environmental conditions. They may, or may not, resist
acid, coustic, or solvent contamination. Where the installation may be subjected to con-
tamination, the weather-vapor- barrier, or finish under consideration must be checked to
determine if it will withstand the contamination. In some instances, it may be found that
a properly selected weather-vapor=barrier will perform both functions. In other instances,
it moy be necessary to overcoat with a coating which resists the chemical contamination.
in addition to resisting the chemicals, the overcoating must be compatible with the finish,

or vapor-barrier.

Overcoating for Appearance

In most instances, the jocket or the mastic used for the finish or weather-barrier is suitable

in appearance. When color is required, polyvinyl acetate weather-barrier mastic can be

obt ained in most standard colors, or even special colors in quantity. However, in some in-
stances, such os insulation exposed in buildings, it is desirable to paint the outer surface

to match walls or ceilings, or to provide high gloss light reflective surfaces. In these cases,
because of the small areas involved, it is economical to have the insuloted surfaces overcoated

by the painters as they paint the interior of the buildings.
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The requirements that insulation materials must fulfill are more than just the requirements of
application and service. Starting at the point of manufacture, materials must have the capability
of being packaged, shipped, stored, fabricoted, and handled before their application. Each of
these imposes certain requirements on the materials.

After o material is manufactured, it must be packaged and shipped. During shipment it must
resist movement, vibration, and mechonical abuses. The packages may be left out in the
weather; thus, unless packages are weather-and water-resistant, the moterial moy be exposed
to water and moisture.

During storage, insulation materials are also subjected to mechanical abuses and moisture and
water demage. Another consideration, due to amount of bulk which is stored, is that the
material should not be a fire hazard.

Fabricotion of materials imposes another set of requirements on the capabilities of moterials.
Some of the properties of material that influence the selection of material which must be
fabricated are:

The ability to be cut, formed, or shaped.

The ability to provide smooth, even, ond relatively dust-free surfoces.

The ability to be bonded to other surfaces with cement or adhesive.

The obility to stay straight, trve, ond dimensionally stable.

O A W N -

Sufficient physical strength to resist mechanical abuses to which it is subjected.

During application, materials must have most of these same properties, and they must be oble
to resist the cutting force of wire or bands used to secure them in place. Up to this point oll
the requirements that materials must have are those necessary to get them installed to perform
their service function. To fulfill service requirements, the properties which insulation must
have can be divided into the following basic divisions:

1. Thermol 4. Moisture
2. Physical 5. Fire
3. Chemical 6. Toxicity

Each of these divisions will be discussed in relation to individual properties necessary to fulfill
service requirements.
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THERMAL PROPERTIES

Temperature of pipe or equipment to which insulation is installed is one of the first considerations

in the sefection of an insulating materiaf. Each insulation has a maximum service temperature and

a minimum service temperature. The insulation used must have o temperature range suitable for
the service temperature to which it is subjected.

If operating temperature is cyclic, the rate of this temperature change may cause some materials
to crack or spall. For this reason, if change of temperature is rapid, or sudden, the thermal
insulation must have sufficient thermal shock resistance to withstand the sudden temperature
change without physical deterioration.

Another service consideration is the rate of time that insulation takes to change tempercture.
Where fast adjustment to temperature change is desired, a high rate of thermal diffusivity

is necessary. If slow rate of temperature change is desired, then a low rate of thermol
diffusivity is required. In such installations where insulation is used to retard freezing or as
fire protection, then a material of low thermal diffusivity is needed. In other words, thermol
diffusivity is the measure of rate of temperature change. Specific heat is the measure of
quantity of heat required to raise the temperature of a body. In cyclic temperature operations,
it determines the omount of heat gain or loss necessary to raise or lower the temperature of

the insulation,

PHYSICAL PROPERTIES

The type of installation is, most frequently, the deciding foctor as to what form of insulation
is most practical. In general, these forms of materials are used for the following broad types
of installation:

1. Rigid insulation is used where structural strength is needed. Installations on pipe,
vessels and equipment ond ducts exposed to mechanical abuses are typicol.

2. Semi-rigid or flexible insulations are used in ceilings and other areas where it
has external support, or where flexibility is desired to conform to curvatures,

3. Blanket and felt insulation is used for wrapping of ducts and where compressibility
and expansionability are necessary. Blankets are frequently used between vessel

wolls and rigid insulation to provide a thermal and mechanical cushion.

4. Sprayed fiber insulations are practical for large hot surfaces such as large vessels
and flue gas ducts.

5. Sprayed organic foams are useful for large moderate temperature surfaces such as
storage vessels.
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PHYSICAL PROPERTIES - Contd

6. Insulating cements are used to insulate smoll fittings, on contoured equipment,
and in combination with rigid insulations to fill voids and as a leveling coat.

7. Poured or loose insulations are used for filling of cavities or tight enclosures.

With these general guidelines as o type of instollations, it is possible to consider the forces
exerted on the insulation in service and the properties of the insulotion to withstand these
forces.

The forces imposed on rigid insulations are generally those caused by the following:

1. Securements and supports.

2. Weight.

3. Movement from expansion and contraction.
4

Mechanicol abuses.

The forces caused by its installation using various securements and by its own weight on supports
is illustrated in Figure VI-1.

In addition to being subjected to its own weight, insulation may be required to support the
weight of pipe and its contents or the weight of some object resting on it. These are illustrated
in Figure VI-2.

When metal is heated, it expands (gets longer in length, width, and thickness) and when cooled
it contracts (gets shorter in length, width, and thickness). This change in the dimensions of

metal couses movement which, in turn, may impose tensile or compressive forces on the insulation.
The growth of pipe due to being heated and the resultant tensile force, applied to insulation, is
illustrated in Figure VI~3. Conversely, the compressive force applied to insulation when pipe
contracts due to being lowered in temperature is shown in Figure Vi-4. When operating temper-
ature cycles from high to cold and back again to high temperatures, both tensile and compressive
force are imposed on the insulation in turn.

To illustrate the amount of growth and shrinkage of pipe or vessels, the following table gives
the expansion and contraction of various metals:
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Figure VI-1
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Insulation

/— Force Due to Weight

Force Due to Weight
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_.Length of pipe at atmospheric temperature _

‘ . Length of same pipe after being heated -

./////
,//
LENGTH OF PIPE CHANGE DUE TO EXPANSION  —
Pull on insulation . Opening due to pull
— ~—Wire or Band ~——3 Pull on Insulation
- Insulation
4 [ 1 V 'I l |
| F=F AT T T
; i {
8 | P’ | | 1% pipe
- Growth of pipe due to expansion —
Tensile Force Exerted On Insulation Due To Increased Length Of Pipe

1 TENSIONAL FORCE APPLIED TO
HIGH TEMPERATURE INSULATION

I Figure VI-3
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Length Of Pipe At Atmospheric Temperature

Length Of Some Pipe After Being Cooled

Length Of Pipe Change Due To Contraction
— Compressive Force On The Insulation -~
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*—
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Due To Decreased Length Of Pipe

COMPRESSIVE _FORCE _APPLIED TO
LOW_ TEMPERATURE INSULATION

Figure Vi-4
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PHYSICAL PROPERTIES - Contd

Inches of Linear Expansion Per 100 Feet
For Various Metals from 0°F

Temperature Carbon Cast ~ Stainless

o © Steel Iron Steel Monel Aluminum Copper
-200 -1.28 -1.06 -2.03 -1.49 -2.69 -1.96
-100 -0.69 -0.59 -1.09 -0.82 -1.40 ~1.04
0 0 0 0 0 0 0
100 0.75 0.46 1.12 0.85 1.50 1.13
200 1.55 1.37 2.23 1.73 3.08 2.29
300 2.37 2.1 3.38 2.65 4.74 3.46
400 3.23 2.88 4.56 3.68 6.48 4,67
500 4.15 3.72 5.80 4.73 8.27 5.91
600 5.10 4.59 7.04 5.88 10.10 7.18
700 6.08 5.50 8.31 6.98 11.95 8.47
800 7.1 6.46 9.61 8.16 13.83 9.79
200 8.17 7.45 10.93 9.35 11.16
1000 9.28 8.49 12.26 10.54 12.54

Vibration of pipe or vessels is another force that is transmitted from their surfaces to the
insulation. In addition, at the interface surfoce, between the insulation and the vessel or
pipe, the motion creates an abrasive action on the insulation.

Insulation is also subject to external abuses such as objects being rested upon its impacts or
external loads. External loads are of special consideration when the insulation is used as a
structural member. Two examples of insulation used as structural member is shown in Figure
VI-5.

PHYSICAL PROPERTIES OF MATERIALS WHICH ARE NOT RIGID

Flexible Insulations, including flexible board pipe covering, blankets, batts, etc., are for
use where installations require that the insulation be fitted around unever contours and where
change in dimensions of the pipe or vessel require material which can change its dimension
without physical breakdown. For this reason, flexibility of the material and its degree of
recovery are of importance.
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EXAMPLES OF INSULATION USED
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Figure VI-5
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INSTALLATION REQUIREMENTS

PHYSICAL PROPERTIES OF MATERIALS WHICH ARE NOT RIGID -

Mastic, Plostic, Cements, and Formed in Place Insulation are used for a variety of recsons.

Where the installation has uneven contour, or where large areas are to be covered, these
materials may be used because of their ability to be economically installed. Regardless of
whether it is an insulating cement, sprayed or fibrous insulation, insulating mastic, or sprayed-
on organic foam, they have physical properties to be considered in addition to their properties
in their final form. These properties are:

Adhesion -- wet
Adhesion -- dry

Build

Expansion Ratio or Shrikage

Most of these rely on dry-adhesion to the substrate for their support in service. Sometimes

they are reinforced with netting or other securements, but basically, for longlasting application,
the bond between them and the substrate must remain unbroken. This means that the adhesion
must be of sufficient strength to resist the forces imposed upon it by expansion and contraction,
vibration and load, and the materials should have sufficient ability to elongate without shear~

ing the bond.

During application, these materials must have sufficiently good wet adhesion to stay in place
until dry or set.

Shrinkage of insulation cemenrs, or expansion of foams, ore properties which affect the
application and final properties of the materials. These also affect the density of final
set insulation.

CHEMICAL REQUIREMENTS

The chemical requirements which affect the selection of material must be broken down into
several divisions, these being:

1. Chemical effect on the metal to which the insulation is applied.
2. Possible reaction with atmospheric or spillage contamination.

3. Resistance to chemicals of contamination.

The insulation should not cause rusting or corrosion to the metal to which it is applied. Various
metals require different chemical properties of the applied insulation to ensure no rusting or
corrosion. For example, insulation applied to steel should be slightly caustic, whereas an
insulation used on aluminum should be neutral or slightly acid. Stress corrosion of stainless

steel can be caused by any insulation containing chloride ions.
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When insulation becomes contominated with chemical vapors or liguids, certain combinations
con react. In some instances, this chemical reaction will produce sufficient heat to cause
ignition with resultant dangerous fires.

Highly absorbent and adsorbent insulations can and do provide a means whereby large quantities
of chemicals may be trapped. If these trapped chemicols are combustible, the saturated insulation
will act as o wick to give off these liquids during a fire with resultant high contribution of fuel

to the fire and its spread.

Another hazard to be considered is that of trapped toxic materials. An insulation may trap
these for years. If moved or handled where it can contaminate an individual, it con prove
very hazardous. In such cases, disposal of toxic-filled insulation is an almost unsolvable
problem.

Of course, it is expected thot the insulation material will resist fumes and chemicals to
which it is subjected without deterioration.

MOISTURE REQUIREMENTS

To be thermally efficient, mass insulation depends upon trapped air or gas. If this tropped oir
is replaced by liquid (or ice), the insulation is no longer efficient.

Insulation indoors on hot lines or equipment with little or no chance of being wetted requires
little concern for its efficient operation.

When insulation is located cutdoors, or where it might be saturated with water or other liquids,
then the insulation itself must be non-absorbent or be protected from water. This becomes a
function of the weather-barrier, but in cose of water leaks, then the properties of insulotion
which influence the extent of water damage are: (1) obsorptivity, (2) capillarity.

Insulation installed on low=temperature pipe or vessel can become saturated with water from
vapor in the ambient air.

Water vapor transmission is the amount of moisture in vapor phase which can pass through the
insulation due to vapor pressure difference between its two sides. When the temperature of

a surface is lower than that of the outside oir, the moisture travel is to the cold surface.

Where vapor is prevented from further travel by the cold susface, it becomes trapped and
condenses. For this reason, when insulation is used on cold vessels or pipe, the vapor
transmission must be very low, or it must be protected with an absolutely tight vapor-barrier
which has sufficiently high resistance that gradual filling up of moisture is retarded long enough
to obtain economic service.

UCC 002730

N W SR S Gy ey ey ey )



- . 7

CHAPTER VI
APPLICATOR TRAINING

UG STANDARD PAGE 127
(VTR owecs we rLumas
ue APRIL 1970

INSTALLATION REQUIREMENTS

FIRE SAFETY REQUIREMENTS

The safest of all insulations and weather=barriers are those which are non-combustible ond
fire-restant. As there is no cleor definition as to what is required of insulation to meet these
requirements in this manual, these terms are expected to mean the following:

The insulation shall contribute no fuel to the fire.
The insulation shall emit very little smoke.
The insulation shall emit no toxic gases.

The insulation shall have a melting point above 1600F.

Other than contributing to the hazard of o fire, an insulation may be expected to protect
the vessel or pipe on which it is installed. In these cases the insulation shall have o high
resistance to temperature change. It should not shrink or spall or deform when subjected to

fire.

SUMMARY

There is no one insulation which fulfills all various requirements better than all others.
For this reason, it is essentail that the insulation selected is the one that better serves
all the essential needs. This means that all the requirements must be evaluated to select
this material.

It might not be apparent to one not making a complete evaluation as to why a particular
material was selected. Thus, if that individual substitutes a material for another, he may,
without realizing it, be cousing a failure or o hazord. For this reason, any substitution of
materials should not be done without approval of those responsible for design.
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SELECTION OF INSULATION MATERIAL
AND APPLICATION SPECIFICATION
TO FULFILL INSTALLATION REQUIREMENTS

Thermal insulation installed, with its weather barrier or covering becomes an insulation system.
The insulation system must fulfill its function and have satisfactory service life. As there is
no one insulation or combination of insulations which will operate satisfactorily under all sets
of conditions, each system must be designed to serve its particular set of service requirements.
Each insulation system and its group of accessory materials must also be compatible with the
other materials of the system.

As the temperature range of services requiring insulation is from -300F to 1800F, the first major
foctor to be considered in selecting an insulation system is the temperatures to which it will be
subjected. It should be noted that the system must be suitable for the temperature imposed on it,
for frequently the temperature limitation is not set by the basic insulation itself, but by some
accessory componen? used in the system, or by the manner of application. This explains why it
is necessary to have more than one specification for the some basic insulation used for different

temperature ranges.

Material and Application Specifications provide the information necessary to purchase the
correct materials and how these are to be installed to provide a suitable insulation system for

the service intended.

Various thermal insulation systems in common use by Union Carbide Corporation, Group i, are
described in the "Thermal Insulation Manual, Vol. |, Specifications”. This publication is
divided into three parts. Part GS, the General Specifications, provides information of a general
nature essential to the use of the individual specifications. Part M is the Material Specification,
which provides the necessary information needed for the purchase of insulation materials and

the qualities required of these materials. The third part is made up of individual specifications
containing essential information pertaining to the proper application of materials for the purpose
intended.

A list of these individual specifications giving the specification number, basic insulations to
be used, the temperature range for which the specification is suitable and what it is to be used
to insulate is presented in Table VIi-1.
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SELECTION OF INSULATION MATERIAL
AND APPLICATION SPECIFICATION

TO FULFILL INSTALLATION REQUIREMENTS

The system was devised so that the number would designote the insulation to be used and the
letters the service or use,

A specification number can only indicate the use of that particular specification in o general
way. It is impossible to designate all the details ond limitations of that specification. For
this reason, a summary of each of the specifications and its use follows:

SUMMARY OF INDIVIDUAL SPECIFICATIONS

Specification 10-H, 10-HSS

Insulation Materials: High temperature glass fiber insulation installed as inner layer
cushion prior to installation of cellular glass. -

-
o

Protective Cover: Most installations are protected with mastic reinforced with-—
Dynel cloth. In some cases, where required, treated steel or stainless steel jacket
may be specified.

Operating Temperature Range: 50F to 600F

Service: For use in storage or process vessels, equipment, and process piping located
indoors or outdoors. This system is especially useful for installotions where the absorption
of vapor or liquids in the outer insulation cannot be tolerated. As the cellular glass
insulation cannot become saturated, its conductivity in service remains constant. The
system is suitable for installation on stainless steel surfaces. When exposed to external
fire :11' will provide protection for the metal, to which it is applied, for approximately
one hour.

Caution: To perform satisfactorily, proper installation of insulation expansion joints
are essential,

Specification 10-J, 10-JSS

Insulation Materials: Cellular Glass

Protective Cover: Most installations are protected with mastic reinforced with Dynel
cloth. In some cases, where required, treated steel or stainless steel may be specified,

Operating Temperature Range: 50F to 350F
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SELECTION OF INSULATION MATERIAL
AND APPLICATION SPECIFICATION
TO FULFILL INSTALLATION REQUIREMENTS

SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specificotion 10-J, 10-JSS - Contd

Service: For use on storage or process vessels and equipment and process piping located
indoors or outdoors. This is the most vapor and water resistant system in the ambient to 400F
range. This system is suitoble for application where absorption of vapors or liquids in the
insulation cannot be tolerated. The insulation s acid ond caustic resistont; however, on
outer covering must be selected which is resistant to the chemicals involved. The system

is also suitable for use on electric traced lines operating below 212F where constant thermal
conductivity is important. The system is suitable for installation on stainless steel surfaces.

Caution: When exposed 1o rapid change in operating temperature, the insulation will
stress crack.

Specification 10-JU, 10-JUSS

Insulation Materials: Cellular giass

Protective Cover: Three coats of bituminous mastic and two layers of glass fiber
reintorcing cloth.

Operating Temperature Limits: 50F to 350F

Service: Steam and process piping located underground. The only underground msulahon
system suitable for easy installation of steam or electric tracer systems.

Caution: Care must be exercised in the application of outer anti-abrasive coating on the
inner surface of the straight pipe covering so that movement of pipe does not cause excessive
abrasion wear of the insulation. Also, expansion chambers must be carefully installed to
prevent breakage of the insulation by pipe movement. Water proofing must be installed

to be absolutely water tight. Positive drainage of seepage water is essential to prevent
buildup of water that would cause flotation of the insulation system,

Specification 10-L, 10-LSS

Insulation Materials: One layer of compressed fiber gloss cushion blanket installed on
cylindrical vessels and equipment prior to the application of cellular glass insulation.
On piping, the cellular glass is installed directly to the pipe.
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SUMMARY OF INDIVIDUAL SPECIFICATIONS -~ Contd

Specification 10-L, 10-LSS - Contd

Protective Cover: Most installations are protected with mastic reinforced with Dynel cloth.
In some instances, where required, treated steel jacket is used on the cylindrical section

of vessels ond on stroight pipe covering.

Operating Temperature Range: -300 to 400F

Service: For low temperature refrigeration and process (with exception of oxygen) equipment
located indoors or outdoors. Although high temperature limit is 400F this system is not
recommended for service which is always above freezing. However, it is suitable for the
high temperature caused by the thaw out system used with low temperature process lines.
The system is suitable for use on stoinless steel vessels and piping. This specification
provides fire protection to the metal to which it is applied, for approximately one hour.

If extended fire protection is required, specification 32-LFP should be used.

Caution: Properly constructed insulation exponsion and contraction joints are essential.

Specification 10-LSP

Insulation Materials: Cellular glass

Protective Cover: Moastic reinforced with Dynel cloth

Operating Temperature Range: -40 to 150F

Service: A special system for the insulation of spheres in the -40 to 150F temperature range.
Being non-combustible, the insulation will provide fire protection to the sphere to which
it is applied for a period of approximately one hour.

Caution: The surface of the steel must be sondblasted and coated with inorganic zinc-
silicate coating prior to the application of the insulation. Support of the insulation depends
upon the bond betweep the steel, the coating, the adhesive and the cellular glass. Should
this bond fail due to poor application of the coating or the adhesive, the installation will
fail. Absolutely no other materiats than those specified should be purchased or applied.
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SELECTION OF INSULATION MATERIAL
AND APPLICATION SPECIFICATION
TO FULFILL INSTALLATION REQUIREMENTS

SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Soecification 10-0X

Insulation Materials: Heat treated glass fiber cushion on blanket installed on vessels and
equipment prior Yo the application of cellular glass insulation. On piping the cellular
glass is installed directly to the pipe.

Protective Cover: Mastic reinforced with Dynel cloth or stoiniess steel jacket.

Temperature Range: -300F to Atmos.

Service: Oxygen equipment and piping located indoors or ocutdoors.

Note: This specification only for oxygen service.

Caution: As oxygen can detonate when in contact with many different materials, all the
materials used to insulate oxygen service must have been tested by Linde as being safe for
oxygen service. All materiais listed in the specification have been so tested. For this

reason, absolutely no other materials than those specified should be purchased or applied.

Specification 12-H, 12-HSS

Insulating Material: Rigid urethane foam.

Protective Cover: Most frequently, equipment and fittings are protected with mastic
reinforced with Dynel cloth, Straight pipe is more frequently weather protected with
treated steel jacket.

Operoting Temperature Range: 50F to 220F

Service: Process, hot water, and very low pressure steam equipment located outdoors and
indoors.

Caution: This system gives very little protection from external fire. Protective devices
must be sized as if equipment or vessels were bare. Steam vapor will saturate the material
very rapidly and it is combustible, and emits dense smoke when burned. Not suitable for
applications or vessels or piping operating at temperatures below ambient air temperature.

UCC 002736

. |

™ & vy W ammy Ay



CHAPTER VI
APPLICATOR TRAINING

TIINLITER STANDARD PAGE 133
CARBIDE Qe Rrew.Y I l-1 APR”. 1970

SELECTION OF INSULATION MATERIAL
AND APPLICATION SPECIFICATION
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SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification 14-J

Insulating Material: Flexible plastic foam.

Protective Cover: Where located indoors and concealed from view, no protective
cover is required. Where located indoors and exposed to view the surface shall be
painted with two coats of viny} paint. Outdoor applications shall be protected with

mastic reinforced with Dynel cloth.

Operating Temperature Range: 50F to 180F

Service: Particularly suitable for installation on tubing which might be bent to fit or
installed after insulation is applied. Sheet insulation can be installed with adhesive
to fit large flat or curved surfaces. For this reason it may be used to advantage on spheres

or ducts operating at moderate temperatures.

Caution: This system gives very little protection from external fire. Protective devices
must be sized os if the equipment or pipe wos bare. The flexible plastic foam is combustible
and emits dense smoke when burned.

Specification 15-H

Insulation Materials: Semi—rigid fibrous glass.

Protective Cover for Outdoor Service: Equipment is usually protected with mastic reinforced
with Dynel cloth ond straight pipe with treated steel jacket, or mastic reinforced with Dynel.
Fittings and irregular surfaces are protected with mastic reinforced with Dynel cloth.

For Indoor Service: Glass cloth jacket finished with PVA coating on straight pipe. Mastic
reinforced with Dynel cloth on fittings.

Operating Temperoture Range: 70F to 750F

Service: For use on vessels and piping where abuses are moderate. Excellent for indoor
applications. Fire spread and smoke index sufficiently low to poss most building codes.

Caution: This system gives little protection from external fires. Protective devices must
be sized os if equipment or vessels were bare.
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SELECTION OF INSULATION MATERIAL
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SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification Nos. 17-RX (external, 17-RY (internal)

Insulotion Material: Semi-rigid glass fiber boord.

P rotective Cover:

External, indoors:

External, outdoors:

Where installed inside of duct, none when installed
outside of duct and where concealed from view the
foctory applied jacket shall have joints sealed with
tape and fire resistant adhesive. Where exposed to
view, factory applied canvas jacket shall be
painted with PYC paint.

The factory applied, vapor barrier jacket shall
be sealed the same as required for indoors
application, then cooted with mastic reinforced
with Dynel cloth.

Operating Temperature Range: 60F to 150F

Service: Either external or internal insulation for air conditioning and heating ducts.

Coaution: When air conditioning duct operates at lower than ambient temperature, joints
of Tactory applied vapor barrier jacketing must be vapor sealed with care to retard vapor

from entering the insulation.

Specification Nos. 18-FX (external), 18-FY (internal)

Insulation Material: Flexible fibrous glass blanket

Protective Cover:

Internal:

External:

None

This application is used only on indoors applications,
concealed from view. The factory-opplied vopor
barrier facing should be odhered to insulation with
adhesive and its laps sealed with joint tape.
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SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification Nos. 18-FX (external), 18-FY (internal) - Contd

Operating Temperature Range: 60F to 150F.

Service: Either external (FX) or interncl (FY) insulation for air conditioning and heatingducts
located where they are protected from physical abuses.

Caution: Care must be taken to obtain excellent sealing of jacket joints,

Specification 19-H, 19-J

Insulation Material: 19-J Fibrous glass side woll ond roof insulation. 19-H Minerol
Wool side walls, expended silica roof insulation.

Protective Cover: Factory-attached aluminum panel. 19-H has corrugated aluminum jacket,
whereas 19-J is supplied with smooth aluminum panel .

Temperature Range: 60F to 450 F

Service: For vessels 12 feet and larger in diameter - where used when high winds are
expected the 19-J system should not be used as light weight glass fiber roof insulation tends
to lift then blow off. Alse, 19-J cannot be used on vessels on which the use of stud welding
is prohibited.

Caution: Both systems give little protection from externcl fire. Protection devices must be
sized as if vessels were bare.

Care must be token in panel layout to obtain a neat, clean insulation application.

Specification 21-H, 21-HSS

Insulation Material: Preformed asbestos fiber.

Protective Cover: Straight pipe, either metal jocket or mastic reinforced with Dynel
cloth. Fittings, mastic reinforced with Dynel cloth.

Temperature Range: 212F to 1000F
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SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification 21-H, 21-HSS - Contd

Service: For hot process and steom lines. Especially useful for high temperature steam
traced lines. The material has high resistance to fracture, thus will not break into pieces
when subjected to a blow or pressure between lines of support. Has good fire resistance
for a limited time.

Caution: Weather-barrier must be excellently sealed as material is very obsorbant.

For this reason this system is not recommended where material may become saturated
_from combustibles due to flange leakage, etc. Mechanics shouldexercise care and take
all safety precautions to prevent breathing of the asbestos fibers which may be floating

in the air when the material is cut.

Specification 22-H, 22-HSS, and 22-HSP

insulation Materials: Bonded Expanded Silica.

Note: On vessels over 400F or over 8'~0" in diameter the specified cushion bianket
is to be installed prior to installotion of the expanded silica.

Protective Cover: Straight pipe, and cylindrical sections of vessels either metal, or
mastic reinforced with Dynel cloth, Fittings, heads and irregular surfaces of vessel
protected with mastic reinforced with Dynel cloth.

Temperature Range: 50F to 1400F

Service: Steam and process equipment and piping. Used where fire protection is of
importance. The only specification which should be used on traced lines operating below
212F. Also, this specification or 32-HFP are the specifications to be used on Ethylene
Oxide and Acetylene services.

Special specification 22-HSP is for insulating of hot spheres. The temperature. limitations
on this specification, however, is 70F to 500F.

Caution: As bonded expanded silica is water repellent it requires special solvent type

adhesive for cementing it together. Likewise ordinary insulating cements will not bond
to its surface,
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SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification 23-H, 23-HSS

Insulation Material: Calcium Silicate.

Note: On vessels over 400F or 8'-0" in diameter, specified cushion blanket is to be
installed prior to application of the calcium silicate.

Protective Cover: Straight pipe, and cylindrical sections of vessels either metal or
mastic reintorced with Dynel cloth, Fittings, heads of vessels, and irregular surfaces
protected with mastic reinforced with Dynel cloth.

Temperature Range: 212F to 950F -

Service: Weather~barriers must be excellently sealed as material is very absorbant.
Material contains asbestos fibers so safety precautions should be taken to prevent breathing
in of the insulation dust.

Specification 25-H

Insulation Materials: High temperature calcium silicote and regular calcium silicate.

Note: On vessels high temperature cushion blanket should be instalied prior to
the installation of the two layers of calcium silicate.

Protective Cover: Straight pipe, and cylindrical sections of vessel either metal or mastic
reinforced with Dynel cloth. Fittings, heads of vessels, and irregular surfaces protected
with mastic reinforced with Dynel cloth.

Temperature Range: 1000F to 1600F

Service: Steam and process equipment in the 750F to 1200F range.

Caution: In this temperature range the proper construction of expansion joints is of utmost
importance. This specification should not be used for fire protection, nor is it suitable for
application to surfaces of stainless steel. The calcium silicate contains asbestos so safety

. precautions should be taken to prevent breathing in of the dust.
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Specification 31-H, 31-HSS

Insulation Material: All metal, stainless steel case enclosing reflective sheets of aluminum.

Protective Cover: Factory applied stainless steel jacket.

Temperature Range: 33F to 1000F

Service: For process pipe and equipment. For special installations where absorpfion of
chemicals by insulation cannot be tolerated. Also very useful where fast removal or replace-
ment of insulation is of importance. Advantageously used on heads or flanges of vessels,
which may be insulated, but which require frequent removal for process purposes.

Caoution: Reflective insulation is custom made to fit vessel or piping system. Does not
lend itself for field cutting and fitting. Entire insulation, including its jacket, must be
factory fabricated from vessel or piping drawings. Order of application of individual
units must be in accordance with manufacturers recommendations,

Specification 32-HFP & 32-HFPSS

Insulation Materials: [nner and outer layer of expanded silica.

Note: On vessels over 400F operating temperature or over 8'-0" in diameter
specified cushion blanket to be installed prior to application of the
expanded silica.

Protective Cover: Straight pipe, ond cylindrical sections of vessels either metal or
mastic reintorced with Dynel cloth. Fittings, heads of vessels and irregular surfaces
protected by mastic reinforced with Dynel cloth.

Temperature Range: 40F to1400F (operating)

Service: For insulating and fire protection of vessels, equipment or piping operating

at ambient air temperature and above. This specification and 32-LFP are the only specifi-
cations to be used where the insulation is expected to serve as extended time fire protec-
tion. Specifically for use for protection of reactive chemicals.

Caution: Insulation must be installed in double layer broken joint construction to retard
exposure to fire at joints.
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SELECTION OF INSULATION MATERIAL

AND APPLICATION SPECIFICATION

TO FULFILL INSTALLATION REQUIREMENTS

SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification 32-LFP, 32-LFPSS

Insulation Materials: Inner layer cellular glass and outer layer expanded silica.

Note: On oll vessels, specified cushion blanket should be installed prior to
application of the cellular glass and exponded silica insulations.

Protective Cover: Straight pipe and cylindrical sections of vessels, either metal or
mastic reinforced with Dynel cloth, Fittings, heads of vessels and irregular surfaces
protected by mastic reinforced with Dynel cloth.

Temperoture Range: =-300F to 400F (operating temperature)

Service: For insulating and fire protection of vessels, equipment or piping operating at
temperatures below ambient during at least part of the operating cycle. This specification
and 32-HFP are the only specificationsto be used where the insulation is expected to serve
as extended time fire protection specifically for use for protection of reactive chemicals.

Caution: Insulations must be installed in double layer, broken joint construction to
retard exposure fo fire at joints.

Specification 37-H

Insulation Materials: This specification is one for factory conduit cased insulation.
The insulation may be of any type, as required.

Protective Cover: Steel conduit, galvanized and with factory applied water resistant
heavy duty coating.

Temperature Range: As determined by the insulation specified, up to and including 750.

Service: For underground hot piping. Suitable for all ground conditions. Field instalia-
tion of insulation is only required where sections of the assembly are field connected.

Caution: Water proofing of the field connected joints must be done with care as any leaks
in these joints will adversely affect the entire system.
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Specification 38-H

Insulation Material: Foamed vrethane.

Protective Cover: Heavy gouge PVC conduit.

Temperature Range: 50F to 220F

Service: For moderate temperature underground lines. Svitable for all ground conditions.
Field installation of insulation is only required where sections of the assembly is field

connected.

Cavution: Waterproofing of the field connected joints must be done with care to prevent
water seepage into the system.

Specification 39-H

Insulation Material: Bituminous Fill

Protective Cover: None

Temperature Range: Depending on type listed as follows:

Type A 220F to 300F
Type B 330F to 385F
Type C 385F to 520F

Service: For underground hot lines. Only recommended where soil drainage is excellent,
and water table is considerably lower than the installation. In most installations corrosion
protection and galvanic protection of lines ore essential. Should be used only on lines
operating at constant temperature.

Caution: Packing of bituminous fill insulation around, particularly underneath, of line is
essential. Line should be put into service to cure the material before backfilling.
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SUMMARY OF INDIVIDUAL SPECIFICATIONS - Contd

Specification 40-J

Insulotion Material: Cork filled PVA mastic.

Protective Cover;: None

[ SELECTION OF INSULATION MATERIAL
1
, Temperature Range: 34F to 180F

l Service: To retard condensate drip from vessel or piping operating at a temperature
below ambient air dew point.

: Caution: Mastic to be sprayed or troweled to surface. The surface must be dry during
application and be above ambient dew point temperature until mastic has dried.

Specification 41-H and 42-H

Insulation Material: Sprayable asbestos fibers and inorganic binders.

Protective Cover: Cylindrical sections of vessel either metal or mastic reinforced with
Dynel cloth. large flot surfaces and irregular surfaces to be protected with mastic re-
inforced with Dynel cloth.

Temperature Range:

41-H, Amosite Asbestos Fi bers 70F to 700F
42-H, Crocidolete Asbestos Fibers  70F to 1350F

Service: For process vessels, flue gas ducts and fire protection of steel. Used advantageously
for very large hot surfaces.

Coution: Surface of steel must be clean and free of mill scale. During application all
workmen in area should wear proper dust masks.
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Specification 43-H, 43-HSS

Insulation Material: Urethane liquid sprayed and foamed on surface to be insulated.

Protective Cover: Sprayed mastic.

Temperature Range: 50F to 250F

Service: For large area vessels, when fire protection by insulation is not important.

Caution: Not to be used on any vessels containing reactive chemicals. All fire safety
devices must be calculated os if vessel was bare. Correct mix of two component liquids
is important. Should not be sprayed when ambient conditions are less than 70F or when
wind velocity is greater than 5 mph. Fresh air mask required when spraying indoors.
Proper filtering mask essential when spraying outdoors.

UCC 002746

— ey ——y




Bond b4

bl

L aa

frad

)

[

IR STANDARD

CHAPTER VI
APPLICATOR TRAINING

CARBIDE NIRRT VT, 123 PAGE 143
APRIL 1970
SELECTION OF INSULATION MATERIAL
AKD APPLICATION SPECIFICATION
TO FULFILL INSTALLATION REQUIREMENTS
TABLE Vi)
OPERATING

SPECIFICATION
NUMBER

10-H, 10-HSS
t0-J, 10-J55

10-JU, 10~-JUSS

16-L, 10-L5S
10-LSP
10-0X

12-H, 12-HSS
14-J

15-H

19-H

19-3

21-H, 21-HSS
22~-H, 22-HSS
23H, 23-H5S
25-H

31-H, 31-H55

32-HFP, 32-HFPSS

32-LFP, 32-L

41-H
42-H

43-H, 43-HSS

Letters in Specifications:

H indicated Ambient to high temperature service .
J indicates Ambient or cyclic temperature service.
L indicates Low temperature service

5S indicates suitable for opplication steel surface .

Metol Jockets

INSULATION

TEMPERATURE RANGE

Cellular Glass (with glass fiber inner cushion bianket)
Celluiar Gloss

Cellular Gloss - Underground

Cellulor Glass (with gloss fiber inner cushion bianket on equipment only)
Celiular Gloss

Cellulor Gloss (with heat treated fiber inner cushion blanket)
Rigid Urethore Foam

Flexible Piostic Foam

Fibrous Glass, Bonded

Fibrous Glass Paneis, Foced with Corrugoted Aluminum
Fibrous Glass Ponels, Faced with Smooth Ajuminum

Asbestos Fibers, Bonded

Bonded Expanded Silico

Colcium Silicate

High Temperoture Colcium Silicote (inner layer), Colcium Silicare
{outer loyer)

Reflective, Stoinless Steel Cased Reflective Shields

Bonded Expanded Silica (double loyer-broken joint construction)
Cellular Glass {inner layer), Bonded Expanded Silica (outer loyer)
Steel Underground Conduit = Insulation as Selected — Underground
Molded Urethene Foom on Pipe in PYC Conduit - Underground
Bituminous Fill - Underground

Cork Filled PYA Mastic

Sprayed Amoiste Asbestos

Sprayed Crocitolite Asbestos

Sprayed Urethane Foom

SP indicates for opplication to sphere.
OX indicates for oxygen service.

FP indicotes suitable for Fire Protection.
U indicales for underground service.

When metal jockets are specified odd M to Spec. No. for stainiass sleel or MT for treated steel.

UCC 002747

70F (21C) ro 600F (316C})
50F {10C) to 400F (204C)
50F (10C) to 350F (177C)
-300F (-184C) to 400F (204C)
~40F (~40C) to 150F (46C)
~300F (-164C) to Atmos.
S0f {10C) to 220F (104C)
50F (10C) to 180F (82C)

70F (21C) to 400F (204C)
70F {21C) 1o 400F (204C)
70F (21C) to 400F (204C)
212F {100C) 1o 1000F (538C)
40F (4C) 1o 1400F (760C})
212F (100C) to 1000F (538C)

750F (399C) 1o 1600F (871C)

33F (1C) o 1000F (538C)

40F (4C) to 1400F (760C)
~300F {~184C) 1o 400F (204C)
40F (4C 1o 750F {395C)

50F (10C) to 220F {4C)

220F (104C) 1o 520F (271C)
34F (IC) to 180F (82C)

70F (21C) to 700F (I71C)
700F (371C) to 1350F (732C)

50F (10C) to 250F (121C)
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TOOLS REQUIRED

In the application of thermal insulation o number of tools are required. Some are for very
special purposes and others are commonly used. Some tools are hand tools and others are
power tools. Where tools are used for a specific purpose such as in the spraying of fibrous
insulation, their operotion and use is described for that particular operation. The more

commonly used tools will be discussed in this chapter.

A good workman keeps his tools clean ond in good working condition. He uses each tool
only for the purpose it was intended.

In general, tools are separated into two divisions; one division being hand tools and the
other being power tools.

HAND TOOLS

The use and method of operating most hand tools are generally quite evident. For this reason,
description of the purpose and methed of using hond tools will not be covered in this chapter.
For example, it is not necessary to state that a knife is a tool used to slice or cut materials.

This is well known. Also, well known is that various types of knives have been designed to best
cut particular types of matericls. It is interesting to note that the insulator does have to become
skilled in using a number of different tools to accomplish his task of installing insulation. The
hand tools necessary to perform the various functions of installation are as follows:

I. Marking Tools

Pencil

Ink Pencil
Crayon
Soapstone
Chalk line
Scratch Awl
Scribes
Divider
Tramme! Points

.

NN WN—

1. Guiding and Testing Tools

Straight edge

Mitre gauge

Mitre box

Framing square

Templates for mitres

Steel square

Special patterns and guides

level

W N WM -
. - & » = 3 & o
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TOOLS REQUIRED

HAND TOOLS - Contd

111. Measuring Tools

1.
2.
3.

&-Ft folding rule
6 or 8-Ft pocket rule
50-Ft tape

IV. Holding Tools

vi.

N AW~

- D00 NO B WN —

Clamps

Cutting frames
Springs

Rubber bands

Pressure sensitive tape
Wire

Rope

. Cutting Tools - Sharp Edge

Butcher knife

Boning knife

Hawk-bill linoleum knife
Rubber knife -

Shears

Pliers

Snips

Aviation snips

Shears

. Nippers
. Hatchet (steel and brass)

Cutting Tools - Tooth

u';uwn—-

Hand saw

Key-hole {compass) saw
Hack saw

Rasps

Gritted paddles

ucCcC 002757
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TOOLS REQUIRED

HAND TOOLS - Contd

VH.

Hammer Type Tools

l.
2,

Masonry hammer
Mallet

VUI. Fastening Tools

IX.

Xl.

. Stretcher (Banding Machine)
. End nippers
. Screw driver

1
2
3
4.
5
6
7

Piliers

. Wrenches {Allen, spud, crescent, end)
. Blind rivet gun
. Punch

Finishing and Coating Tools

9*01#00”—'

Flat broad trowel
Pointing trowel
Margin trowel
Rubber paim
Rubber gloves
Paint brush

Sharpening Tools

1.
2.

Files (various shapes)
Whetstone

Tool Holders

1.
2.

Tool box
Tool pouch

Most of the most common hand tools used by the insulators are illustrated on pages 155 thry 159,
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A
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PAINT CRAYONS

WING DIVIDERS

MARKING PENCIL

STRAIT-UNE

TRAMMEL POINTS ) CHALK REEL

MARKING TOOLS

ALUMINUM TORPEDO 1EVEL

POCKET TAPE

MEASURING TOOLS
INSULATORS HAND TOOLS
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ALUMINUM COMPASS SAW HANDILE

——— AR TREERT

COMPASS SAW BLADE

TOOTH TYPE CUTTING TOOLS

RUBBER MALLET PADDLE TYPE MALLET

. HAMMER

HAMMERING TOOLS

SCREWDRIVER LOCKING ADJUSTABLE

FASTENING TOOLS

INSULATORS HAND TOOLS

UCC 002760
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UTILITY KNIFE
RUBBER XNIFE

HEAVY DUTY SHEARS

CLAUSS SHEARS

METAL CUTTING SNiPs

END CUTTING NIppERS AVIATION SNIPS

CUTTING TOOLS

INSULATORS HAND TOOLS
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STRETCHERS

CUTTER

SEALER . .
FASTENING TOOLS

PIPING TROWEL

POINTING TROWEL GOLDBLATT SPOON TROWEL

FINISHING AND COATING TOOLS

INSULATORS HAND TOOLS

UCC 002762
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PALMS RUBBER GLOVES
FINISHING AND COATING TOOLS

_CANVAS

TOOL POUCH

INSULATORS HAND TOOLS
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TOOLS REQUIRED

POWER TOOLS

During the past few years many more power tools have come into use in the insulation croft. Power
tools of both common and special types ore used by the insulation shopman in the fabrication of
insulation. Not all shops have the same fabrication equipment, os each obtains equipment most
suitable for its production needs. However, the following tools are commonly used in insulation
fabrication shops.

Bond saw, horizontal or vertical
Inside and outside core grinders
Circular saw

Head grinder

. Paint and mastic spray

D WN -

A shopman will be given detailed instruction in the use of these machines by his supervisor.
For this reason, the operation of these machines will not be discussed further. The field
applicator uses many power tools alsa. Some of the very common variety are power saws
and others are more specialized power equipment, such as sprays for mastic stud guns, etc.
A short discussion on the use and operation of these special tools is given in this or other
chapters of this manual.

Field applicators use the following power tools:

Circular saw

Skill saw

Sabre saw

Band saw

Drill

Disc grinders

Spray asbestos machine and gun

Spray foam machine and gun

Mastic (and paint} pump and spray gun
Pin and stud welders

*

.OQWNOLDAQN-H

—

The operation of power saws, drills and disc grinders are relatively simple and, with observation
of safety precautions, o normal amount of practice con produce a skilled operator in their use.

The operation of a machine and gun to apply asbestos is given in Chapter X1X.
The operation of spray foam machine and gun is given in Chapter XX.

The operation of most spray pumps and guns is given in Chapter XX1.

UCC 002764
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ESTIMATING THE INSTALLED COST

INTRODUCTION

The areas of thermal insulation usage are many, but can be generally placed into two main
categories; namely, Industrial and Commercial. To further clarify these categories, the

following examples are given:
A. Industrial
1. Chemical Plants
2. Refineries

3. Steam Power Plants

8. Commercial

1. Hotels -
2. Hospitals /,.,//
3. Deportment Stores _

For the purpose of this text, emphasis will be placed on the cost estimation of thermal insulation

as it applies to the industrial category in general and to the insulation of piping, piping auxiliaries
and major equipment items in particular. Although the insulation requirements of the commercial
category may appear to be less sophisticated, the same basic principles of cost estimating will be

applicable.

The wide voriety of insulation materials and installation techniques make full coverage of the
subject at hand impracticable within the limits of this text; consequently the example estimate
used will be confined to two basic specifications for purposes of demonstration.

INFORMATION FOR ESTIMATE BASIS

The type of information needed to develop the scope of work to be included in the cost estimate
is derived from data listed below: .

Process Flow Sheets and Plant Layout Drawings.

Pipe Sketches and Piping Arrangement Drawings.
Equipment Drawings.

Assembly Drawings.

Models.

Insulation Design.

Thermal lnsulation Manual - Volume | ~ Specifications.
Thermal insulation Manual - Volume 1l ~ Design.

IOTMON®>
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ESTIMATING THE INSTALLED COST

INFORMATION FOR ESTIMATE BASIS - Contd

I. Reference Data for Physical Characteristics of Insulation Materials and Accessories.
J. lnsulation Material and Accessory Prices.
K. Field Measurement Surveys (where applicable).

ltems A, D, and E convey to the estimator a fairly composite picture of the overall project
enabling him to obtain some insight into job conditions. For example, working heights above
ground level, crowded or close work areas, and possible location of material storage zones relative
to work areas can be assessed from this data.

Items B, C, E, and K are tools necessary to accomplish an accurate, detailed material "take=off.”
Process Flow Sheets and Equipment Layout Drawings can be used to arrive at an estimate of cost;
however, it is obvious such an estimate would be rather inaccurate. For example, an actual
fitting and flange count is not possible; consequently, a factorial approach would be required

to achieve a dollar value for this facet of the estimate. The use of factors to arrive at any
estimate has o great tendency to dilute the estimate accuracy, and should be avoided where
possible.

Item F will convey to the estimator a listing of the physical components of the project which are
to be insulated, the type and thickness of the base insulant to be used, and other pertinent data

needed to prepare the cost estimate. (See Figure IX-1.)

ltem G supplemented by Item H will give the estimator the installotion details plus greater detail

on material specifications than indicated on the Insulation Design Schedule. Methods of attachment

of base insulants, types of finishes, and other special application considerations are shown.

Item | is necessary to provide the estimator with the size, weight, and physical make-up of the
materials the craftsmen must handle. On pipe insulation of a particular diameter, the estimator
may question, “Is the pipe insulation section manufactured as two pieces per section or several"?
On flat surface work, he may ask, "Are the insulation blocks available in sizes other than 6" wide

'by 36" long"? It can be readily seen from these examples that differences in the physical make-up

of materials can greatly affect the labor cost of installation. This data should also contain the
coverage capabilities of insulating cements, adhesives, mastics, etc.; the weights per lineal foot
of wire, bonding materials, etc. (See Figure IX-2.)

Item J requires that a complete insulation and accessory material cost file be available. The
file should be maintained and up-dated to reflect material price changes that frequently occur.
Manufacturers® published price lists are used in developing the file and are usually available
through the empoyers' purchasing department. The lists are usually supplemented with data that
fulfills the requirements for ltem | also.
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ESTIMATING THE INSTALLED COST

PREPARATION OF THE ESTIMATE

General

The most important function in the preparation of the cost estimate is the development of a
Bill of Material by making @ quantity survey. Using the best data available (such as, equip-
ment drawings, piping arrangement drawings and/or pipe sketches), the "take-off" should be
done systematically. This can best be accomplished by using a prepared quantity survey form.

(See Figure 1X-3.)

Work requiring the use of different base insulants should be "taken off" in order of material
specification and thickness. For example, list Calcium Silicate 1" thick, 1-1/2" thick, etc.;

‘then Cellular Glass 1" thick, 1-1/2" thick, etc.

Procedure for Piping Insulation "Take-Off"

Straight pipe insulation should be taken off in lineor feet, nearest to the next full section
increment. For example, if the measurement is 29'-0" and the pipe insulation sections are in
3' long increments, the quantity should be noted as 30'-0" linear feet. Pipe insulation should
be measured between fittings along the centerline of straight pipe only. (See Figure 1X-4.)
Since shop prefabricated fitting, flange, and valve covers will normally be used, flanges,
valves, ells, or other fittings should not be included in this measurement.

Where the application of mitered pipe insuiation is possible, bent pipe should be calculated on
the basis of insulated pipe measured on the outside radius. Units should be figured in linear feet.
Elbows of standard manufacture should not be considered as bent pipe.

Flanged valves and fittings should be counted as complete units only. For example, a flanged
valve consisting of a valve body, bonnet flange, and two flanged connections should be taken

as one unit, and not listed as o valve plus two (or three) pairs of flanges. Units should be counted
as pieces. It is also important that all flanges, valves, and flanged fittings be identified as to
pressure rating (150 Ib, 300 lb, etc.) since the size of the prefabricated insulation cover varies

as a function of the pressure rating. All other fittings should be counted as pieces and identified
as to whether they are welded or screwed.

During the "take-off", special items such as steam tracing should be indicated, noting tracer
size and whether or not heat transfer cement is to be used. Insulation requirements for hangers,
supports, and special trim should also be listed.

After completing the “take-off" of the basic pipe insulation materials, the next step is to calculate
the quantity of pipe insulation finish materials. Depending on the specification, these materials
might be canvas, metal jocketing, mastics, etc. The usual procedure is to calculate the surface
area of the pipe insulation and fitting, flange, and valve covers in square feet, If the finish is
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ESTIMATING THE INSTALLED COST

PREPARATION OF THE ESTIMATE - Contd

Procedure for Piping Insulation "Take-Off" — Contd

of the jacket type, this square footage plus an allowance for joint laps and waste fixes the
quantity. In the case of mastic finishes, the coverage capability of the mastic must be considered
and a conversion made to gallons, which is the common "norm™ of purchase. Application labor
for both jocket and mastic finishes is costed on a square foot basis.

The accessory material requirement will be dictated by the specifications applying to the
particular job ot hand. These materials generally fall into one of the following categories:
attachment devices (wire, bonding, clips, etc.), insulating cements, adhesives, mastic and
cement reinforcing items (Dynel cloth, wire mesh, etc.). The need for the accessories must be
quantitated in the standard "norm" for procurement to pounds, insulating cement in pounds and
converted to standard size bags, reinforcing items in square feet, etc. (See Figure IX-5.)

The Thermal Insulation Manual = Vol. | - Specification M = Article VI contains a listi.ng/a?
insulation fobrication and installation accessories. Reference must be made to the-fanufacturers’
published data for o specific accessory in order to obtain purchase norms, covering capacities
and other pertinent information.

An invaluable aid in the calculation of the surface area of prefabricated fitting, flange, and
valve covers is the publication "ASTM Recommended Dimensional Standards for RPrefabrication
and Field Fabrication of Thermal Insulation Fitting Covers for N,P.S. Piping, Vessel Lagging
and Dished Heod Segments." A table such as shown in Figure 1X-§ aids In the defermination of

pipe insulation surtace areas.

Figure 1X-5 shows the application of the preceding discussion in developing the pipe insulation
and accessory Bill of Material using Figures:IX-1, =2, and =3. The Bill of Material is then listed
on the estimate sheet (Figure 1X-7) and priced from the appropriate manufacturers' price lists
maintained in the previously mentioned cost file. Note that an allowance for waste has been
applied as a percentage factor to the cost of the base insulation material. The allowance for
waste of finish materials and accessories has been built in by rounding-out the quantities to
purchasing norms. For example, the actual requirement for weather-barrier mastic is 95 gallons,
so two standard 55-gallon drums are billed for procurement. Allowances for waste are judgment
items and must be based on job conditions, types of materials and experience.

Estimating Installation Costs of Pipe Insulation

The accuracy of the Bill of Material can be established to a very high degree; however, determining

accurate labor and other costs of installation presents o more difficult problem. There are many
variables involved in estimating these costs. Each job must be analyzed as to its individual
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PREPARATION OF THE ESTIMATE - Contd

Estimating Installation Costs of Pipe Insulation - Contd

characteristics; then the judgment and experience of the estimator become the prime factors in
determining the accuracy of these facets of the estimate.

Referring to the sample estimate (Figure IX-7) under INSTALLATION, the major work components
have been listed and norms established that make it easier to envision production rates. For example,
pipe insulation is listed in linear feet, prefabricated fitting covers as pieces, finish in square feet,
etc. The components designated as "item"” are difficult to quantitate and consequently are costed

by special methods. These methods will be explained later in the text.

Figure 1X-8 should now be referred to for sample production rotes established for the estimate ot
hand. From these production rates, a man-hour unit can be arrived at for the various components.
Stated as a formula, man~hours per unit = N where N equals the number of hours of work and

P equals the production rate. For example,

8 hours of work = .053 man-hours per linear foot
150 linear feet per 8-hour man-day

Multiplying man-hours per unit of work by the hourly wage rate gives the unit dollar cost per

unit of work. For example, if the wage rate used is $4.00 per hour, the unit cost becomes

$4.00 x .053 = $0.2 per lineor foot. For unit cost per unit of work, the formula now becomes

N x R, where N and P are as heretofore stated and R is the wage rate per hour. This is the method
P

and wage rate used to arrive at the labor figures for the sample estimate. The fabor unit for the
pipe and fitting work includes placement of the bose insulant ond its securement.

As previously mentioned, the installation part of the estimate includes several components of
work that must be costed, but ere difficult to quantitate. These have been designated os ‘item™
and are as follows:

Haul, unload and store materials
Scaffolding

Construction Equipment Rental
Support iabor

WA -~

Each of these items must be analyzed in relation to the job that i s being estimated. There, is
no fixed rule that can be applied to arrive at these particular costs. Knowledge of the job
requirements and the experience of the estimator are the keys to estimating a realistic cost for
these items.

N W A N W N BN Mg sy ey ey e W
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ESTIMATING THE INSTALLED COST

PREPARATION OF THE ESTIMATE - Contd

Estimating Installation Costs of Pipe Insulation - Contd

The costs for hauling, unloading, and storage of materials ore dependent on the type of
storage facilities required, size and weight of material containers to be handled, and the

distance from storage areas to work areas.

Scoffolding requirements are obviously a function of working heights and the type of scaffold
to be used (timber, tubular steel or other). Consultation with the Craft Foreman responsible
for accomplishi ng this type of work is an invaluable aid in establishing costs for scaffolding needs.

Construction equipment such as air compressors, spray pumps with cuxiliaries and trucks for hauling
materials must not be overlooked. Costing is based on class of equipment used, length of time
required and proper application of rental rates to this usage.

Support labor is that labor not directly involved in the application of insulation materials. Exomples
of this type of labor would be carpenters for scaffold erection, truck drivers, labor to keep
"productive men" supplied with material, labor for clean-up, etc. The cost of this item can only

be evolved through o study of the specific requirements of a particular job.

Reference to historical data from jobs of a similor nature and magnitude furnishes the best tool
to aid in deriving a cost for the aforementioned items; in fact, this oid applies to practically all

facets of the estimate.

For purposes of the sample estimate (Figure [X~7) arbitrary costs have been assumed for these work
components,

Equipment Insulation

Within the confines of this text, the insulation of equipment is intended to be inclusive of such
items as pumps, tanks, heat exchangers, ducting and other various forms of "flat work". “Flat
work generally includes cylindrical shapes over 36" in diameter as well as flat surfaces.

Guidelines ond reference data which have been previously discussed have been generalized and
are applicable as well to (most of) this section of the text.

For purposes of demonstration of "take-off” procedure and estimate format, ltem 201-A, listed
on the Insulation Design Schedule (Figure IX-1) will be used. Its size and configuration, which
normally would be provided by equipment drawings, is as shown on the sketch incorporated as a
port of the material take-off sheet, Figure 1X-9.

- UCC 002784

— r~ rr




é=X1 3nByy
Q
r4
Z
A 1
2 B e I
o g —— ey
x m _o - -
= 2 m 4 | 1o
= —=
TE0F 1 el —
U q<a <« %J..r ——t -
- 3D 0os% .
L IV Y I/ GOEFIIIEG
X e W . R4 T bey) X Ry o)
" olo ? 5 -
O LI R ﬁYﬂ% - B3/220N 57
o - S gIRR T e
i
3 £s pop | = 874 9 T =32/eddp
= f
W o FregFZ| = PTXE |- Sy
w - | Zr 2 | = FFRE (= eqv oy
T - ~— _
.~ . IS4 d/4 - fk\\) Mﬁilwﬁwl - ey Y- %
O 57 .vﬂﬂ%@ﬁ\ TR U T 2/~ £ rmw
Z : FSIFEZ | « | =gy |70
= TN R A R R X
< f X gLl pSE] 3 gF O .
2 C A o el W A e R . ”
—
& SR W L W Rl iV L7l oed7 | F$ 595 LK ek A AL —
]
a3 ] th‘um S POE |, %20x,. % 271859 | FveiT 5 N.v.irvl!wﬂn.\\.\w.wﬁ%
o 3 _
Mm "SI ...uswlh.,u,..ew.\“wmw« Vidod K 4 PER 4R FEXFIE = SN
Mw N7 (£t .uwsngn\wﬂ*q I3 VEPD FTE a7l w2 N.WI.\NHE@.
3 > S AR B R O PRl 2L I T Aw“mm. :
_ £ — y “ '
M. M . UQLfd TATS DT VL2427 WY LZLv 1 - QQ\.\I\\\\\—UNG
.m = R Iy >3 72 )
5g Hs TIVILVIDY STOVITZLYIY IVRLLYTISN] e DL e . 1-ToP 3

P2o1- Sl TP ITOR

190810 d QNNILST T QS v o,

em ey et e e ey e v e weew el el weeed el wed meed el el

- |

UCC 002785



CHAPTER IX
APPLICATOR TRAINING

UL STANDARD
R 2

ESTIMATING THE INSTALLED COST

PREPARATION OF THE ESTIMATE - Contd

Equipment Insulation - Contd

The toke-off norm for most equipment, or “flat work" items, is the square foot. Special
appurtenances, such as head covers or other items which may be furnished prefabricated, might
be listed os pieces and costed accordingly.

The method of measurement for quantitating purposes is as shown on Figure 1X~4. The quantities
are generally estimated by increasing the bare vessel dimensions to the insulated dimensions.
For example, if the bare vessel diometer is 8'-0" and the insulation thickness is 3", the area of
the surface is calculated as if the diometer were 8'-6".

Study of Figure IX~9 will show the basis for development of the equipment insulation cost
estimate for the case at hand. Production rates and mon-hour conversions are required for
labor costing following the principles as previously outlined.

The final step in the preparation of the total insulation cost estimate is the summarizing of the
direct cost of the pipe and equipment components. To these direct costs will be added certain
indirect costs to complete the estimate. (See Summary Sheet of Figure IX-7.)

Indirect Costs
The aforementioned indirect costs consist of the following items:

1. Location Expense

2, General Administration Expense
3. Engineering

4. Contingencies

Location expense is made up of costs incurred at the construction site. These costs may or may not
be completely identified with a specific project, and are usually distributed to all active jobs

ot the site. The basis for distribution is the labor dollar flow per month per job. For example,

the current rate used in the estimate is 70% of labor. Since the estimated total dollar flow for
labor in the estimate is $1875, this expense figure becomes $1312 (70% x $1875).

There are many items that make up the location expense. A few examples ore as follows:

Supervision

Insuronce, Payroll Taxes, Workmen's Compensation
Utility Costs (Construction lighting, heating, etc.)
Temporary Construction (Field offices, store rooms, etc.)
Maintenance of Construction Area.

O P W N -
. . . . .
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ESTIMATING THE INSTALLED COST

PREPARATION OF THE ESTIMATE - Contd

Indirect Costs = Contd

The general administration overhead is also made up of costs which cannot be identified to
a particular job. These costs are distributed as a standard percentage of total costs (labor,
material, and location overhead). Examples of items included in this expense are as follows:

1. Procurement or Purchasing Costs.
2. Costs of Engineering Department, which are not purely engineering, or which cannot

be identified to a specific project.
3. Home Office activities.
4. Vacation, Holidays, Illness, etc.

Engineering costs are inclusive of Process Engineering and Project Engineering efforts. These costs
are estimated from historical data and/or manpower requirements projected over o given length
of time. The figure arrived at is usually depicted as a percent of total cost (labor, material, ond

expense).

The contingency allowance is a judgment factor applied by the estimator. The amount to be used
is dependent on the confidence that the estimator has in the information on which he has based the
estimate. The allowance is also intended to include coverage of possible estimating errors, un-
foreseen construction problems, field changes, ete.

CONCLUSION

The purpose of this chapter hos been to provide the Insulation Craftsman with an approach to
insulation cost estimate preparation. The wide variety of specifications that exist for insulation
work makes it impractical to cover the entire field within the limits of this text. Hopefully, the
narrative and Figures contained in this chapter will hove fulfilled the purpose.

In the final analysis, the degree of success the estimator ottains in his cost forecast will be
a function of information quality and adequacy and the estimator's knowledge and experience.

RESPONSIBILITY

The insulation applicator might question why this information on selection of insulation specifica-
tion was contained in this manual, for in most instances the selection is the responsibility of the
Engineering Department. However, in case of emergencies it might happen that the insulator

UCC 002787
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RESPONSIBILITY - Contd

must make o selection of materials and the method of application. In addition, in any large
organization there always exists a possibility of error. Should such occur and the insulation has
a valid reason for questioning the selection it is his responsibility to question the correctness

of the selection.

Another reason for presenting this information to the insulator is to give him the basic reasons of
why certain materials are selected and opplied. No specification can be written that covers
every detail of an application and when a craftsmen knows why such is done in general he can

do much better in following this in each detail.

UCC 002788
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SHOP AND FIELD FABRICATION

Prefabrication of thermal insulation provides a means to obtain more economical and more quickly
installed insulation of better quality. In addition, for maintenance, it is possible to remove and
replace fitting covers. In spite of these apparent advantages, development of prefabrication

systems has been a relatively recent development.

In the development of the insulation industry the mojor manufacturers produced their pipe
insulation to their own system of thicknesses and sizes. By 1940 the industry was producing
insulation using five different methods of sizing. These were:

1. Standard and double standard thicknesses.

2. Combination thickness, which was used for high temperatures using diatomaceous earth
insulation inner layer and 85% magnesia outer layer.

3. The 1/2 in. increment system, wherein the thickness increased in even 1/2 in. increments.

-

4. Thicknesses based on the number of laminations or plies. e
//

e

5. lce water, brine, and heavy brine sizes, wherein the thickness was bused»o’n/s:;ecific
operating temperature and pipe size.

Then, the existing practices of producing pipe insulation required stocking a total of 400 sizes
to obtain thicknesses from one to three inches. Regardless of the great number of sizes then being
produced, insulations could not be used in combination because they would not fit to each other.

All factors pointed to the need for a better system of pipe insulation to eliminate the costly
waste and confusion. The problem indicated that insulation must fit insulation as well as the
pipe. It was reasonable to conclude that the only manner in which this could be accomplished
was to make the outside diameter of each piece of insulation equal to the outside diameter of
some standard nominal pipe size (NPS). On this basic premise, the writer developed the
Dimensionol Standard System of Thickness. This system has been adopted by the major producers
of insulation, by the U. S. Military Services as Military Specification MIL-1-27818, and by
industry as ASTM Standard Practice for Determining Outside Diometer of Rigid Pipe Insulation
C-521. The inner ond outer diameters of pipe insulation and opproximate thicknesses for both
NPS pipe and tubes are shown in Tables X=1 and X-2.

The standordizing of pipe insulation made it possible to devise a practical method of prefabricati on
to improve over the old hand-applied method shown in Figure X-1.

The total number of covers required for fittings, flanges, and valves, from 1 1o 7-1/2 inches
in thickness is approximately 9,000. If tracer systems are installed on the pipe system, eoch
fitting is slightly different than when the insulation is instalied snugly to the pipe. This increased
the number of fittings to approximately 7,000. A manual of design of these fittings was compiled

uCC 002789
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OUTSIDE DIAMETERS AND AVERAGE THICKNESSES FOR PIPE INSULATION
ASTM Recommended Proctice

NPS Pape Trvlotion Thickness
177 Nominol 17 Nominel 13" Nowminol 2" Nomingl
NOM | O.D. [Avg. O.0.  Avp. Q.0. Avg. 0.0, Avg O.D.
SIZE Inches |Thk. Inches  Thk. inches Tk Inches Thk. Inches
Inches {nches inches inches

3 0.405 [0.45 1.315  0.98 2.375 1.54 3,500 2.05 4,500
1/4 0.540 (0.58 1.660 t.16 2.875 1.72 4.000 2.22 35.000
/8 0.675 |D.49 1.680 1.9 2.875 1.84 4,000 2.6 5.000
1/2 0.940 [0.52 1.900 1,00 2.875 1.57 4.000 2.07- 5.000
3/4 1.050 |0.42 1.900 0.9 2.875 1.47 4.000 1,97 5.000
] 1.3i5 10.52 .75 1.»® 3,500 LI 4 4,500 2.12 5.%3
13 1.660 1{0.60 2,875 0.9 3.500 1.86 5.000 1.94 3.53
1 1.900 10.48 2,875 1.04 4,000 1.54 5,000 2.3 6.625
2 2.375 10.58 3.500 1,08 4, 500 1.58 5.5%3 2.1 46.625
2) 2.875 0.55 4,00 1.05 5,000 1.86 6.825 2.3 7.625
3 3.500 |0.49 4.500 1,02 5.%3 1.55 6.625 2.05 7.625
3 4,000 )O.49 5.000 V.20 6.623 1.80 7.625 2.30 8.628
4 4,500 ]0.5: 5.53 1,08 6.625 1.55 7.425 2,05 8.625
4 5.000 |0.80 6,625 1,20 7.625 1.80 8,425 2.30 9.625
5 5.363 0.4 6.625 0.99 7.825 .49 8.625 1.99 v.425

6.625 10.48 7.625 0.% .623 1.46 9.625 2.02 10.750
7 7.825 1,52 10.750 2.02 11.750
8 8.625 1.82 11.7% 2.02 12.75%

9.625 1.52 12.750 2.15 14.000
10 10.750 1.5 14.00 2.09 15.000
11 11,750 1.% 15.000 2.09 14.000
12 12.750 1.58 16.000 2.08 17.000
14 14.000 1,45 17.00 1.95 18.000
[} 15.000 1,45 18.00 1.95 19.000
113 14.000 1.45 19.000 1.95 20.000
17 17.000 1.45 20.000 1.95 21,000
18 18.000 1,45 2,000 1.95 22,000
19 1¥.000 1,45 22.000 1.95 23.000
20 20,000 1.45 .  23.000 1.95 24.000
21 21,000 1.45 24,000 1,95 25,000
22 22.000 .45 25,000 1.95 26.000
23 23.000 1.45 26.000  1.95 27 .000
24 24,000 1.45 27.000 1.95 a8.000
25 25.000 1.45 28.000) 1.5 29.000
2% 26.000 V.45 29.0M .95 30.000
|27 27.000 1.45 30.000 1.95 31.000
v} 28.000 1.45 31.000 1.95 32.000
29 29.000 1.45 32.000 1.95 33.000 |
o 30.000 1.45 33.000 1,95 34.000
3! 31.000 1.45 34.000 1.95 35.000
02 32.000 1.45 35.000 1,93 36 .000
<k 33.000 1.4 36.000 1,95 37.000
34 34.000 1.45 37.000 1.9 38.000
DS 35,000 1.43 38.000 V.95 J».000
D& 34.000 1.45 ».000 1.95 40.000

Table X-1
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OUTSIOE DIAMETERS AND AVERAGE THICKINESSES FOR PIPE INSLLATION
ASTM Recommended Prociice

Imwlation Thickness
NP$S Pipe 7 Rominol 3 Nominol 34" Nominal 4 Nominol
NOM T O.D. jAvg. 0.0, Avg. 0O.D, Avg. 0.0, Avg. 0.0,
SIZE inches  |Thk. Incher  Thk. inches Thi. inches Thi. Inches
Inches Inches Inches lnghn

14 [o0.405 [2.57 5.%3 3.10 6.425 3,60 7.625  4.10 8.625
/4 |0.540 J2.50 5.5%3 3.04 5.625 3,54 7.625  4.04 8.625
s [0.6rs {2.44 5.%3 2.97 6.625 3.47 7.625 397 8.625
12 |o0.840 [2.89 6.625 3.3 7.625 3.89 8.625 4.2 9.625
/4 1.050 {2.78 6.625 3.2 7.625 3.7 8.625 4.2 9.425
1 1,315 {2.64  6.625 21.15  7.625  3.45 8.625 4.5 9.625
1} 1.680 [2.48 6.425 2.98  7.625 3.8 B.625 3.99 9.625
14 1.900 (2.86 7.625 3.% 8.625 3.86 9.625  4.42 10.750
2 2,375 |2.61 7.625 311 8.625  3.8) 9.625 4.7 10.750
23 2.875 2.6 8.625 3.% 9.625 3.92 10.750  4.42 11.7%
3 3.500 ]2.55 0.625 3.05 9.625 3.8) 10.750 4.1} 1,75
3 4,000 12,80 9.625 3.% 1075 3.86 11.75% 4.38 12,7%
4 4.500 (2.5  9.425 3.1 10750 3.8 11,75 4 12.750
4 5.000 }2.86 10,750 3.36 11,750 3.8 12,750 4,49 14.000
) 5.5%3 [2.% 10.750 3.06 11750 2.5 12.750  4.18 14.000
s 6.625 12.:2 11,750 3.02 12,750 3.85 14.000 4.15 15,000
7 7.625 [2.%2 12,750 3,15 14,000 3.45 15.000  4.15 16,000
i8 8.625 [2.68 14.000 2.15 15,000 3.65 16.000  4.15 17.000
Jv 9.625 |2.45 15.000 3.15  14.000 3.5 17.000 4.15 18.000
'ro 10,750 (2.5 16.000 3.0 17,000 3.5 18.000  4.09 19.000
i n.7s0 2.® 17.000 3.00 18,000 3% 19000 4.00 20.000
"2 12,750 |2.58 )8.000 3.0 19,000 3.5 20.000 4.08 21,000
ha 14.000 {2.45  19.000 2.95 20.000 3.45  21.000 3.95  22.000
15 15.000 |2.45 20,000 2.95 21,000 3.45 22.000 3.95 23.000
18 16.000 [2.45 21,000 2.95 22,000 3.45 23.000 3.95 24.000
17 117000 (2.45 22,000 2.95  23.000 3.45 24.000 3.95 25,000
18 18.000 [2.45 23.000 2.95 24.000 3,45 25.000 3.95 26.000
112 19.000 12.45 24.000 2.95 25.000 3.4% 2.000 3.95 27.000
|20 20.000 |7.45 25.000 2.95  26.000 3.45 27.000 3.95 28.000
2 21.000 |2.45 2%.000 2.95 27.000 3.45 2.000 3.95 29.000
22 122.000 J2.45 27.000 2.95 28.000 3.45 79.000 .95 30.000
23 123.000 {2.45 28,000 2.95 20.000 3.45 30.500  3.95 31.000
»

2¢  |20.000 [2.45  2.000 2.95 30.000 3.45  31.000 3.95  37.000
‘25 125.000 {2.45 30,000 .95 31,000 3.45 > 00 3.95 33.000
26 !za.ooo 2.45  31.000 .95 32.000 3.45  33.000 3.95 34 000
.27 127,000 2.45 32.000 .95  33.000 3.45 34.000 3.9 15.000
2 129.000 {2.45 33.000 .95  34.000 3.45 35.000 3.95 2.000
|29 29.000 {2.45 34.000 .95 35.000 3.45 3%.000 3.95 27.000
.30 lao.ooo 2.45 35.000 7.95 35.000 3.45 37.000 3.98 78.000
£ ‘:n.ooo 2.45 36.000 2.95 37,000 3.45 38.000 2.95 39.000
|sz 32.000 |2.45 37.000 2.95 33.000 3.45 39.000  3.95 40.000
'33 22.000 }2.45 38,000 2.95 W.000 3.45 40,000 2.95 41.000
{34 34.000 }2.45 0,000 2,93  40.000 3.45 41,000 3.95 42,000
'3s 35.000 [2.45 40,000 2.95 41,000 3.43 42,000 3.95 43.000
13 36.000 |2.45 41.000 2.95  42.000 3.45 43,000 3.95 44.000

Table X~1 (Continued)
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BASIC QUTSIDE DIAMETERS FOR TUBE INSULATION
ASTM Recommended Practice

(Tube Nominal Thickness of insulation

Size. 0O.D. [1/2 1 IH 2 23 3 3] 4

1/4 0.250 [1.315 2.875 3.500 4.500 5.625 6.625 7.625  B.625
/8 0.375 |1.660 2.875 3.500 4.500 5.625 6.625 7.625  8.625

1/2 0.500 |1.860 2.875 3.500 4.500 5.625  6.625  7.625  8.625

1/2 0.625 [1.660  2.875 3.500 4.500 5.625 6.625 7.625  8.625
3/4 0.750 {1.900 2.875 4.000 5.000 5.625 7.625 8.625  9.625
3/4 0.875 [1.900 3.500 4.000 5.000 4.625 7.825 8.625 9.625

i 1.000 |2.375 3.500 4.000 5.000 6.625 7.625 8.625 9.625

i 1.125 |2.375  3.500 4.000 5.000 6.625 7.625 8.625 9.625

13 1.250 {2.375 3.500 4.500 5.53 6.625 7.625 8.625 9.625

1§ 1.500 [2.875 4.000 4.500 5.563 6.625 7.625 8.625 9.625

13 1,625 [2.875 4,000 4.500 5.53 6.625 7.625 8.625  9.625

2 2.000 |3.500 4,000 5.000 6.625 7.625 8.625 9.625 10.750
2 2.125 [3.500 4.500 5.5%3 6.625 7.625 8.625 9.625 10.750
2} 2.500 [3.500 4.500 5.583 6.625 7.625 8.625  9.625 10.750
124 2.625 [4.000 5,000 5.53 6.625 7.625 8.625 9.625 10.750
3 3.000 [4.000 5,000 6.625 7.625 8.625  9.625 10.750  11.750
3 3.125 [4.500 5.563 6.625 7.625 8.625 9.625 10.750 11.750
35/8 |3.625 [5.000 6.625 7.625 8.625 9.625 10.750  11.750 12.750

|4 4.000 |5.000 6.825 7.625 B8.625 9.625 10.750 11.750  12.750 ;
14 4,125 (5.563  6.625 7.625 8.625 9.625 10.750 11.750 12.750
E 5.000 [6.625 7.625 8.625 9.625 10.750  11.750 12.750 14.000 ]
5 5.125 16.625 7.625 8.625 9.625 10.750  1).750 12.750 14.000 |
i6 j6.000 17.625  8.625 9.625 10.750 11.750 12.750 14.000 15.000 |
‘uo 6.125 |7.625 8.625 9.625 10.750 11.750 12.750 14.000 15.000 i
8 8.000 11.750 12.750 14.000 15.000 16.000 17.000 |
ia 8.125 11.750 12.750 14.000 15.000 16.000 17.000 |
o 10. 000 12,750 14.000 15.000 16.000 17.000 18.000 ;
jiO 10.125 14.000 14.000 15.000 16.000 17.000 18.000 I
‘12 12.000 15.000 16.000 17.000 18.000 19.000 20.000 t
14 14.333 18.000 19.000 20.000 21.000 33.000 23.000 !
16 16.333 20.000 21.000 22.000 23.000 24.000 25.000
18 18.333 22.000 23.000 24.000 25.000 25.000 27.000 '
1 20 20.333 24.000 25.000 26.000 27.000 28.000 29.000 }
B 24.333 28.000 29.000 30.000 31.000 32.000 33.000 l
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SHOP AND FIELD FABRICATION

by Mr. R. E. Estep and the writer. This manual was adopted by ASTM as Siandard Practice C~450.
Later, Mr. K. B. Lanham revised and improved the manual and this revision was adopted as
Standard Practice C-450-657 by ASTM in 1965.

DESIGN OF FITTING AND VESSEL INSULATION COVERS

Basically all flanged fitting covers were designed to fit-over the adjacent pipe insulation. In

most installations, the straight pipe insulation is installed prior to the fitting covers being installed.
Therefore, flange fitting covers which fit over the adjacent pipe covering adopt themselves to

proper installation sequence. This type of installation has another advantage in that the overlapping
insulation can be installed to function as a slip joint and act as an insulation expansion and contrac~
tion joint.

Fitting Insulation, General

1. All insulotion fittings are designed to use standard pipe insulation for the main body, but may
be fabricated of flat block insulation cut into curved segments.

2. Due to difference in requirements, the method of fabrication for low temperature rigid insulation
flanged fitting covers is different than the fabrication of high temperature fitting covers.
The C-450 Manual is divided into sections with all flanged fitting covers of each temperature
range separated into their proper groups.

3. Likewise, covers that are dimensioned to fit snugly to standard NPS pipe are listed separately
from fitting covers that are dimensioned to fit standard NPS with clearance for heat tracers.

Fitting Fabrication - Design Details

1. Flanged Valve Bonnets

Valves manufactured by various companies for the same pressure and nominal {NPS) size
do not have standardized bonnet dimensions or height of bonnet flange above centerline of
valve. Because of this, the valve insulation cover was designed to fit the largest valve of
a size, type and pressure;

For valves smaller than dimensions given it is necessary to make field cuts on the top of the
insulation cover to produce a fit around the packing gland. For this reason, bonnet top is
made with a removable broken joint dutchman, permitting cutting of bonnet length, and field
fitting, and bonding of the dutchman around packing gland.

~ UCC 002794
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DESIGN OF FITTING AND VESSEL INSULATION COVERS - Contd

Fitting Fabrication - Design Details - Contd

1. Flanged Valve Bonnets - Contd

To assist in field fitting and to add additional sitength to top of valve cover, when bonnet
dutchman is 2-1/2 inches thick, the two layers of the bonnet shall be made with 1 inch
thickness on the bottom layer and 1-1/2 inches thickness on the top layer.

A typical sheet which provides dimensions for a valve cover is shown in Figure X-2.

2. Elbow Covers

The manual presents dimensions for both short and long radius ells. Thus, care must be taken
that proper dimensions ore used for the ell or ells to be covered.

3. Heot Traced Welded Ells and Tees

Where single-layer welded ell and tee covers are to be used on heat traced piping the ends
are to be "Broken Joint Construction" as noted in the manual. This means that 3 inch long
and 6 inch long cylindrical sections are placed on alternate and opposite ends of the two
halves of the fitting cover. This permits offset tie-ins with the adjacent pipe insulation to
obtain mechanical stability. The fittings are oversize in diameter to allow space for the
tracer.

4. All Flanged Fittings

The insulation thickness of all flanged fitting covers is no less than 1-1/2 inches to provide
sufficient mechanical strength. Flanged covers of one inch thickness, or less, are too fragile.

Vessel Insulation

1. Sidewalls

Although curved sectorial segments are recommended for sidewall insulation, the economic
fabrication of curved segments depends upon thickness and width of flat blocks available,
from which the curved sectors may be cut with a minimum of waste. The number of possible
combinations make recommended tables for this prefabrication impractical.

Where flat lagging might be used satisfactorily, the dimension for cutting it are presented
in the manual .

UCC 002795
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DESIGN OF FITTING AND VESSEL INSULATION COVERS - Contd

Vessel Insulation - Contd

2. Dished Heads

The manual gives dimensions for segments of insulation for dished heads based on the dished
head radius being equal to the diameter of the tank. The head insulation is not designed to
fit the radius of the knuckle. The insulation should be fitted over the vessel wall insulation
which was trimmed at the proper angle to butt to underside of the head segments. This leaves
a slight void ot the knuckle.

The common practice for cutting dished head covers is to cut pie shaped segments as shown
in Figure X-3. However, such arrangement requires that each ring be cut differently than
the other rings. Also, when applied these rings must be installed in proper sequence .

A different method which is very suitable for the cutting and application of cellular glass or
expanded silica is to shape the blocks in double curved beveled squares. This is illGstrated

in Figure X-4. The instructions for cutting these are given in Figures X-5 and X-6. Applica-
tion of these square segments is similar to installation of tile floors. Storting at center
segments are instalied in a straight line in one direction and another line starting at center

is installed 90 degrees from first line. The space between the lines are then installed

starting af the apex. Such is shown in a picture shown in Figure X-7 which has cellular

glass and calcium silicate fit on top a dished head.

SHOP AND SHOP PRACTICES

As would be expected, this depends on needs and materials to be fabricated. However there
are some items of equipment which are common to most insulation shops.

For ordinary cutting of many insulations, modified carpenter tools are used.

Tools

Band Saws

The most essential piece of equipment is o band saw. Both vertical and horizontal band
saws can be u.sed advantageously. The minimum cutting depth should be 22 inches and
saws with 40 inch cutting depth are used advantageously for fabrication of 36 inch sections

Blade speed for fabrication of inorganic foams should be approximately 1040 ft. per minute.

A 1" blade, 3 pitch, raker tooth chrome plated blade is recommended for cutting inorganic
foam, particularly when foom pieces hove been bonded together with hot asphalt. For unbonded

uccC 002797



UNION
CARBIDE

CHAPTER X

APPLICATOR TRAINING

PAGE 194

APRIL 1970

STANDARD
OINCALS N® PLASTICS

SHOP AND FIELD FABRICATION

. \ i Lo X [ [ [V =) [ endM e S | —_
[— e e | sef el e vngeigeujon e (B onfém|ot gt (oefot]ox] 2 [ LS
py oy pty ey oy (el e O ) n?,.arrm..w‘l 3] (ALY L wltt IV VD IR [AEVCIBED D
R e M R N ER B NI DO < v | ir] ot IOAD IIIC RAOEN ENE
| e | e | = J o | e | et | e | e 43 3 o [je]ot A8 qrifge ool ss{n| 2 [ 35 1 ) odi{on
=1 = D ey ey —J—=I=]ri% siwlost 3N ral¥alCio m{idl Sifzi o) pnijent
iuiggtonimy puluny raguy Py ivumy Gumy oy fovmy ot premy ey gy pugey 5 B8 £ 3 FANG CI80 IOV UL R IR S e [®iw:
— === ] w1 T CaD L3 0L DI T ERT B R T o ™ [
g Py £ Py ey Py (o ey o o LA % Jjor [OF NI ENERL] DI &) BENE
(e (iueiy ping vy S ATy Gy S [T Py (i g pEig ey S P ——]==13%1 3 15e [Vwijor] eVl sX]or] 3 a [os ok
= = ]=]= = ==[= — o] s v SaSr %] wel iclca| s St ] o0 | v0
—l—]— — | —f— ]~ — et L I K T OIS CIS K (KT
gassy ey Pty o [ f— [—]— —— ~Jo{ 7 6 {tti{%e} ¢l it]aa] s B EREE
= =y S Oy -— e [ | o]l 3 sjoi]en et
— v — st § e { . o] £ tfo {08 (0O
[ [ —loi[ & v v e8| a%
— === — — et oy X I [ BERE 3K
——[—=[— — [T ) DEBIIKS
= ey Ratvy _—]= ——— 1 [Ne [y a[ov
Ry "ty
e —1 = tl el a1l
—ied
1-
CRER R CRACIET R S K I B A &5 B IR R N KRNI ] o7 B DR I ICD A W AT S 1 R D G K 0 A R A D T N T K Y D 3 R
() [T [T Suid Qeldd tha GOl "W ASHd i DIB|gon .Nrtt
I
NN
/b’/u_r r
) NN \
( " 1 _
T A dL s
ey o s l.//af// \ I/ T 4
AW By v camud ¢ h./ “N\Y]:
el 4 W B CROWam 1 NN ¢
SOTD Do Tmvm sy we ven 1 N -, ¢
" W R B S 48 0wy OVRE LI DO, 19
AEE fuy 04 RO G0 Aes W LES W
ek e gt u L
Sy Ga¥) Osa U7 IO IRed e 3 ] l_
WO s A8 B s sl il
B WIS G AA O P ERde a4 -
L I O L L R )
e = i ve ! } .
[ R LK s ] L]
LRY e L d

|

;

gr
u
k
i

SINIWO3S Qv3H G3HSIO

Figure X-3

UCC 002798



STANDARD

I oecas a0 PLasTIc

CHAPTER X
APPLICATOR TRAINING
PAGE 195

APRIL 1970

SHOP AND FIELD FABRICATION

Figure X-4

UCC 002799



e ——— e e

CHAPTER X
N <; A NDARD APPLICATOR TRAINING

CARBIDE JEr-ewapgwey ye " ‘ PAGE. 196
APRIL 1970

SHOP AND FIELD FABRICATION

ONLY
16-2/3%

OF CIRCUMFERENCE
USED IN MAKING A
DISHED HEAD

Redius | 11'%"

Diameter 11'6"

Note: The radius of a dished head is equal to approx. the tank diameter.

Figure X-5
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Radius Point

21/

1
1
1
1
1
I
1
|
1
1
1
1
1
1
1
1
1
1
1

Square \!\_/ Degreed Ground

2-1/2°

Curved

Note: To find the degree double the diameter of vessel multiply by Py, divide into 180°

Example: To mdke 11'6" tank head
11'6" doubled =23"
23'x Py =72'

72 {180] 2-1/2 degree

Figure X-6
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Calcium Silicate Installed in Dished Head

Figure X-7
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SHOP AND SHOP PRACTICES - Contd

Tools - Contd

Band Sows - Contd

inorganic foams, 3/16" or 1/2" carbide tipped blades provide means for cutting smoller
radius cuts with less thickness of saw cut. For the cutting of calcium=silicate, diatomaceous
and osbestos fiber block and pipe covering, blades 1/2" x 0.035" thick, skip tooth, five

per inch, are used.

. Materials being cut by band saws are cut to line marked on the insulation, by cutting to

jigs, or by placement on a swinging arm.

A picture of craftsmen cutting insulation on a vertical bandsaw is shown in illustration
Figure X-8.

Grinders
Grinders used are not standard carpenter tools and are therefore designed for particular uses.

Inside grinders are made so that the mondrel is coated with a grit. This mandrel rotation
grinds the inside diameter into a recentagular block of insulation. An outside grinder
shapes the insulation by allowing the insulation to rotate ogainst the spinning grit mandrel.
Small to moderate size organic foam is shaped by this method. A grinder of this type is
shown in illustration Figure X-9.

Head segment grinder jsa machine for shaping double curvature head segments. This machine
consists of an O.D. and I.D. circular section grinding spool, whose axes are simultaneously
orientable in a vertical plane through a vertical axis and a swinging block holder pivoted

in the same axis so that the block can be swung through the two spools. A picture of grinding
spools is shown in Figure X-10. The holder is shown in Figure X-11, and the block to be
swung through the two spools is shown in Figure 12.

Other special grinders are circular edge shapers and plane edge shapers for the shaping of
circular and straight edges of block insulation.

Grinders may use grinding stones, grit paper, or grit glued to mandrel. Where grit is.glued

to mandrels, grit sizes 16 to 24 are recommended. For relatively fast moving mandrels, the
finer grit size is recommended.

UCC 002803



CHAPTER X
VULLEE STANDARD APPLICATOR TRAINING
_CA»RBIDE OWWCALL AMD PLASTICS PAGE 200
APRIL 1970

SHOP AND FIELD FABRICATION

BAND SAW OPERATION

Figure X~8

ucCC 002804




TN SYANDARD

CARBIDE OMMCALS O PLASTICE

CHAPTER X

APPLICATOR TRAINING
PAGE 20l

APRIL 1970

SHOP AND FIELD FABRICATION

OUTSIDE GRINDER
Figure X-9
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Grinding Spool

Figure X =10
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Figure X-12
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SHOP AND SHOP PRACTICES - Contd

Asphalt Rollers

As rigid low temperature inorganic foams are cemented together with hot asphalt, a heated
pot with rollers which extend into the liquid asphalt is a basic machine used in shop fabrication.
Such o hot osphalt roller is shown in Figure X-13.

Assembly Tables

After pieces of insulation have been cut to form the ports of a fitting, these parts must be
bonded together to complete the assembly. This operation requires assembly tables. Such
assembly rables should be sufficient in size to permit efficient working by the craftsmen and be
located for minimum handling of parts and finished item.

Dust Collection

Removal of dust around the saws is necessary for good fabrication and working conditions. The
amount of air required to remove dust for each band saw is o minimum of 450 CFM, and for each
inside or outside grinder o minimum of 1750 CFM, for asphalt pot hoods and block dust removal
grills a minimum of 500 CFM.

Dust is collected in a dust collector of sufficient size and capacity for the individual shop,
Ventilation

Where fine oir borne dust is a problem, it should be vented away from workers by a separate
ventilation system. Collectors should be located so that dust is drawn away from the workmen.
The airborne dust concentration where workmen are present must be within allowable limits

for asbestos and other pneumoconiosis-producing dusts os established by governmental and

professional agencies.

Should dust count exceed these limits, then the operator must wear approved respiratory
equipment.

Shop Fabrication ’

One ty!)i cal method of shop operation is to have the clerk and timekeeper prepare orders for
the fittings and fill in the dimensions for the parts and pieces from the C-450 Fabrication Manual.
These can then be used to draw stock, provide detailed information for the cutting ond assembly

operations. Typical of such shop orders with the detailed information is shown in Figure X-14,
X-15, X-16, and X-17,

UCC 002809
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45° & 90° WELDED TUBE
‘TURN SEGMENTS

FAB. ORDER NO. 93655-06
SIZE THICKNESS

MATERIAL SPEC.
NO. REQ'D.
RADIUS
COATING
FOREMAN
BLDG.
PLANT
REF. CHARGE

* WHEN NEEDED

Figure X-14
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90° FLANGED ELL-150 LB.

FOAMGLAS
NOTE:
A B FROM 12 THRU 24",
0.0 01D  BODYID. BODYL. BODY L. Zopnfssa%&o_eoﬂ,f 2

FAB. ORDER NO. 93655-06-

MATERIAL SPEC.

SIZE THICKNESS

RADIUS COATING
'NO. REQD.

FOREMAN BLDG.

PLANT REF CHG.

Figure X-15
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FLANGED VALVES w7V s

~IHK.! | :
- CELLULAR GLASS - o —— C — 7

0.0 0.1.0. 80DY 1.O. BODY L. BON. HT. BON.D.THK.

FAB. ORDER NO. 93655-06-

MATERIAL SPEC.

SIZE THICKNESS
PRESSURE COATING
NO. REQ'D. TYPE
FOREMAN '

BLDG.

PLANT

REF. CHARGE

* DO NOT STICK
Figure X~16

UCC 002813



.. PEPRIERRE

e ——————

CHAPTER X
APPLICATOR TRAINING
PAGE 210

APRIL 1970

STANDARD

OEMCALL AND PLASTICE

SHOP AND FIELD FABRICATION

1258150 LB. FLANGED

’ GATE VALVE
CELLULAR GLASS
A B. C

0.0. D.1.D. BODY L.D.
D E F
80DY L. BON. HT, BON. D THK,

| PC. X _ X THK,
| PC. X X THK.
2 PCSY X X THK.
2 PCS.- X X THK.
| PC. PC.- 1. D. 0.D. LONG
4 PCS. DUTCH.- . D. 0.D LONG
FAB.ORDER NO.93655-06-
MATERIAL SPEC.
SIZE ' THICKNESS
NO. REQD. COATING
FOREMAN BLDG.
PLANT. REF. CHG.
*DO NOT STICK

Figure X-17
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SHOP AND SHOP PRACTICES - Contd

Shop Fabrication - Contd

Following the dimensions, pieces for fabrication are cut ready for assembly. Figure X-18
shows the pieces and assembly of a welded elbow cover. Figure X-19 shows the assembly ond
pieces of flange giobe valve cover, ond Figure X-20 shows the pieces and assembly of a flange
gate valve cover. Figure X-21 shows the projected ossembly of pieces to form the flonged
gate valve cover.

The assembly of pieces into a complete cover requires that the pieces be bonded together. The
cements used for the assembly are determined by the insulation and its service requirements.
Each cement must be applied by the proper method. Some of the most commonly used cements
and their method of application follow:

‘1. Hot Asphalt Cement is applied to insulation in hot liquid state. It is usually heated in
a pot iocated near, or in the assembly work bench. The pot is equipped with rollers
that pick up and deposit hot asphait on the surfaces to be adhered, when these surfaces
are passed over, and in contact with the rollers. Coated surfaces are pressed together
while asphalt is in liquid state. The aspholt hardens to o bond when its temperature
drops. The use of hot asphalt cement is restricted to foamed insulation which will not
be attacked by the high temperature of the asphalt or by its chemical composition.

Hot asphalt must not be used on piping or equipment that will operate at temperatures
that will remelt the asphalt.

2. Catalyst Type - Vapor Resistant Cement is a two-part mixture, usually one part powder
and the other part liquid. After the two ports are mixed together, the resultant mix
will set up within a given time - called pot life. For this reason, only the amount of
material that can be used within this pot life should be mixed. This catalyst-type cement
is most frequently applied with a brush. 1t is used mostly with foamed insulation in service
on surfaces which cycle from low temperatures to higher temperatures which are above the
melting point of asphalt.

3. Keene's Cement is a water mix hydraulic—setting cement. The cement powder is mixed
with water. Being hydraulic setting, the mixed cement must be used before it begins
to harden. This cement is applied by brush or trowel . It is generally used to bond
cellular glass together when this insulation is to be used in high-temperature service.

UCC 002815
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Welded Elbow Cover
Figure X-18
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Figure X-19
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125-LB AND i50-LB
FLANGED GATE VALVE

Projected assembly
Figure X~-21
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Shop Fabrication - Contd

4, Insulation Adhesive Cements are premixed cements of fire clays, binders, and silicates.
“These cements depend upon dissipation of moisture for their setting. They have olmost
unlimited pot life and can be used as received from the manufacturer. They are best
applied to insulation surfaces by trowel. They are generally used to bond high~temperature
insulations such as calcium silicate, asbestos fibers, or similar absorbent insulations.

5. Insulation Adhesive Cements for Non-Absorbent Insulations are made of fire clays,
Binders, and special solvents. This type depends on slight dissipation of moisture, or
solvents, for setting. It is best applied by trowel ond is used to bond moisture-~resistant,
high-temperoture insulation such as bonded exponded silica.

6. Resin Adhesive Cements are made of organic resins and solvents. They have almost
unlimited pot lite and can be used as received from the manufacturer. They con be
applied by brush or trowel. They are used to bond glass fiber and foamed organic
insulation. In most instances their upper temperature limit is approximately 350F.

Typical application of an insulation adhesive cement to bond the pieces of a Flanged Globe
Valve together is shown in Figure X-22.

Field Installation of Prefabricated Fitting Covers

Preformed fitting covers provide an efficient means of field installation. In general the practice
should be to install all welded and screwed fitting covers prior to the application and installiation
of straight pipe insulation. The reoson is that it is easier to cut the straight pipe covering to
dimensions where the pipe and fitting covers butt together.

With flanged fitting covers the opposite is true. The straight pipe covering is installed first,
then the flanged fitting covers are installed. This is proper procedure because the flonged
fmmg covers are designed to fit over the adjacent pipe insulation. A picture of the manner
in which o flanged globe valve cover over fits over the valve and adjacent pipe insulation is

shown in Figure X-23. The final securement of this valve cover in position is shown in Figure X-24.

Precision cut and assemblied fitting covers are much more effective than the loosely fitted and
cemented covers of the past. Prefabrication is one of the most important steps taken in the
insulation industry to keep pace with industrial advancement of other industries.

.. - e
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SHOP AND FIELD FABRICATION

SHOP AND SHOP PRACTICES - Contd

Field Fabrication

A prefabrication shop may well be set up on the job site. Preforming fittings in a shop with
power equipment is shop fabrication regordless of the location of the shop. Field fabrication,
in our use of the terminology, is where the cutting and fitting is done with hand tools.

In some installations of small jobs or maintenance it is necessary to field hand cut fittings.
Flange covers, tee covers and e lbow covers can be field fabricated with relative accurocy.
However, it is quite difficult to cut all the parts sufficiently accurate to make good fabricated
globe and gate valve covers. Conversely, plug valve covers should always be made of pipe
covering by hand method in the field.

When tee or flange covers are hand made in the field, the dimensions in C-450 should be
followed. Welded elbow covers, hand made, in the field can be made more efficiently in
the field when slightly different set of dimensions are used. The set of dimensions for such
hand cut welded elbow covers are given in Figure X-25 and X-26.

Where cylindrical vessels are to be insulated with flat blocks, in mitered form, the outside
maximum width of the mitered block should be in accordance with the following table:

Maximum Outside Width

Diometer of Vessel . of Miter
14" 1o 24" KL

25" to 30" 3-1/2"
3)“ to 36" 4'1

37" to 42" 4_]/ "
43" 1o 48" 5u

49" 1o 54" 5-1/2+
55" ond larger 6"

To determine the angle of cut for the mitered blocks:

1. Add twice the thickness of the block to be used to the diameter of the vessel. Multiply
this outside diameter of the insulation by 3.1416 to find the cutside circumference of
the insulation,

2. Divide circumference of insulation by width of miter from table above to determine
number of miters; if this number is not whole, increase to next largest number. Multiply
by two.
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SHOP AND FIELD FABRICATION

DIMENSIONS FOR MITERED SEGMENTS FOR SHORT RADIUS ELLS

NOMINAL INSULATION THICKNESSES

= %e 2~ aw"
Pips
see [, T 5 ¢ [0/ alele o {a{efc|{d|a{sfcion
B EEE R ET 1 D Ty ey i R R B R O T
anl 3 3% | w Jlaoo] — ) -~ | -1 - §{ =} — | — - e N
4 3 3%, X, 166 2 6% % 1.66 — - - — - - -
vl 4 g [ % [1sof 3 faem i [0 = - -1 1=} ~{~
s | a law by J133] 4 Jagg ) w J0as) 3t} J33) — 1 =1} -1 —
e | 6 {25 1% twnt] 6 jom | % {11} 4 [ 4w % (11| 3 | 6% | % |11
-} = |~ - 6 | 3w | % [100| 6 [3% | % {100; & |5% | % { Loo
8 | - - - - s £ .1 48 6 3% | X% B8 6 | % 88
o |- | - | = | = 8 |34 | A 75 8 [ | » I5( 8 [ 3% | X .75
10 - | ~ | — — 8 3% | % 6} 8 |3l wn 661 8 |3 | % 56
1Y | — -} = 8 |3 | % 66! 8 | 3% | % 661 8 || w 66
120 ) = f = | -] — 8 {3 | % sa! 8 | a5 | w% sl 8 )| % .58
14~ -— —~ - - 8 4%, 1 1% 50 .} 4, 1 1% 50 8 4%, %, .50
16° |~ | — | = | = 8 s % al 8 | su | M) 8 | s [ 1w 4}
8 | = -~ - - 8 | 5% | 1% 33 8 ] 5% 1% 33| 8 ) 5% | 1% 33
20 V- | — | =] —- 8 | 6% | 1% 28] 8| 64 |1% 28| 8 | o [ 114 28
22 | -} = ] = | ~ 8 | 6% | 1% 28} 8 | 6% | 1% 281 8 |7 1% .28
2 | - { =1 = B | ™ | 2% ) 8| |2 25 8 | ™ | 1% 25
Pips 3 k1% & 4% ]
Size
Alslclolals]cioialsjciolalasjecjijofjalsaslelo
|3 |lex|{wm{B8{ - |-~ ~{=-{~|~1 -]t =l=}—-{~)~1=1-
o [s{ang] wuj sl sl s)l—| -~ ~{~t={—=}=-1=|=<1~1=
10 )8 ang| x| 66) 8 3% |66] 8ln]wi{ei{—~! )| -—(~|-1|~1]-
11" |8 (3| %] es{ sl4 [ % |66] 8 {amixi el elag| wliss]l-t—{_ (-
12« |8 |ag | %2l S8 B8 14 | % 58] 8 { 4% ] x| 58] B8 4%! ¥| 58] 81 2%!{ % {58
19 )8 Ja} w50l s|law] %l sof sl x50 ntsof~1—~1~—1[-=
16 18 | swult mlelsmInlal-] —le]l -l (-]<}-[<1}=1|=
18- |8 | sm {1 37
20- |8 |6 1% | .29
2~ |18 {7 1%} 20
24 g [ 7% (1% | 20
]

A = Number of Miters
B8 =0 Di ion of ide face of pipe insulation
C = Lesser or throat dimension on outside face of pipe insulation

D = Number of short radius ells availabie from a linesr foot of pips insulation, based on
aiternating the cuts and allowlng for saw kerf and waste

Di. ions are to 3 A

Reproduced with permission, from Heat 1nsulgtion Manual, Pabeo industrial Product Division, Fiberboard Corp.

Figure X~25
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SHOP AND FIELD FABRICATION

DIMENSIONS FOR MITERED SEGMENTS FOR LONG RADIUS ELLS

NOMINAL INSULATION THICKNESSES

1 1%" 2- 2% a~
pipe
siee 1 alglelofais|lclo jalsjelo|[ajBlecio |A|B|EC (D
N 412 X 1233} 4124 % §233 (=] —} —{ — I —{— 1 hall Bl Bt B
B 2%t l2oo) 4 129 % §200 § - =} — | — bl Bevl el e el B I
u- 4 2% ] M| 166 413 %, | 1.66 3 [4X % | 1.66 3 (4% 1166 | —| ~-| — |~
e 4 | 3% % | 141 4 {331 % {141 4 {3761 % {141 4 1385) X {141 | — | — — -
;- 6 | 2%, %1120 6 |2%] % 1120 6 |2y %, | 1.20 B {2%}] X {120 4 14% Vs [1.20
185 6i2%1 nG1103) 6 )2{ % 103 | 63 vwj103| 6 (3% | {103 | 6 [3%]| % 103
g 6] 2%%{ %] 93 6 {34, %l .93 6 | 3%, W] 93 6 (3% % { .93 6 133 % | 93
6" 613k |1wy 75| 6 |3% | 1% § .75 [ 6 3K {1 258 6 (3l T 75} 6|4 % |75
7 - -] =1 = 6law! 1'w| 66 | 6 |aaltp| 667 6 |aw 1] 66 16 (4% | % | .66
8 —_ - =] - 813 s} 58 |8 (3% 1%| 58] 8 35%|1 58 § 8 |3%| P | 58
9 JUR R e 8{3%n| 1'x,{ 53 {814 % b 53 8 |ax, {1% 1 53 | 8 (4K | Uy 53
10 I D U R slag | 1] 50 | 8 jase|1un| SO 8 14% 1%} SO} 8 [4%| 1% | SO
1* - - -] - 8 {4K] 1% | 43 B [48,1 174 | 43 8 [ 4% | M 43 8|S 1% | 43
120 —_—t = = - 8 |54 | 195 41 8 [5% (1% Al 8 (5% 1% Al 8 [SW | 154 | 4]
14 —_t = — — sish| x| .33 8 (5" |2 33 8 | 54 2v 33 B 164, | 2% | .23
6 [ . 8167 2%] 29 Jalenpiax) 29 B 6% [2% | 29 | 8 16% 2% | .29
18° -} -1 =1 - g gl ag !l 25 183y 25 8|73, 251 8173 .25
20* — - -1 - glaw)3n| 20 {8iBu]an} 201 8 |8% 3% | 20 1 8 |8% 3% | .20
22° -t - —1 = alanhl| 4 20 819 4 | .20 8 | 9% (3% 20 8 |9% | 3% {.20
24° -] =] -] —j10}?%{3%] 166]10 |7% | 3% | .16§ 10 | 7% % 3166110 |8 3% | .166
¢
l " %" 4 4%~ 5
. P!nl
(% |a | m c jofaloe ¢c| ola|s{c|{ o{ales e | o
; 2 — - I = _ —_ - - —_ - - - - —_ — — —_
i - - - - - - - - - - - - - - - -
! 3° —_ —_ — - -_— — — — — —_— —_— — —_— — — ~—e
} Bk} - - - - -— - - - - - — - —_ - - -
K. -— _— -— _— — _— -— —_ -_ - — — —_— - _— —_—
Ay 6 3% % | 103] - - - - - - - - - - il -
, 5 (] % X, 93! 4 5% % 93 } — - - — — — — —
g 6 | o v, | 5] 4 { 6% i 75| 4 | 6% s 751 4| 6% %k | 75
;7 6 | 4% K| 66| 6 | 4% Ml 86| 6 | 4y Yl 66| 6| 5% w1 66
. 8 8 | 3% %] S8} 8 4 % | 58 8 | 4% “w! 58| 8 | 4 v, | 58
L 9" 8 4%, 1 531 8 4%, % .53 8 413, w, | .53 8 a7, B, 1 .53
;10" 8 4%, 136 50} 8 4%, 13 .50 8 L3 b .50 8 ang » | .50
111" 8 536 1% 43] 8 S, 1% .43 8 S5¥» 1%, 43 8 5% 1 | 43
P12 8 53¢ 1%, 4) 8 5%, "",’ A1 8 5% 1% 41 8 5% 1%, 41
Ly [ 6% 2% 33| 8 (>3 M| 23 8 o 1741 331 — - o -
{16* 8 6'X, 2%, 291 — - - - - - — —_ - - — -
L - - - -] - — — - -1 - - - - — — -
A-=Number of Miters - Dimensions are to nearest jg~
8 «Greater Dimension on outside face of pipe insvlation Dimensions based on formula—Chord length ~ 2 r Sin A
C - Lesser or theoat dimension on outside face of pipe insulation Where ¢ tadius 1o outside of insolation (wh 2
. ) ) L. i € r=fadius to outside of insuiation (where segments
O—Number of long radius ells available from a linear foot of pipe insulation are circulal hically} A® e 90° Divi
based on alterl‘ga’ting the cuts and allowing for saw kerf and waste, aegmlen't"s L;%’;_p ically) A* ~90° Divided by number ot

Reproduced with permission, from Heat insulation Manual, Pabco industrial Product Division, Fiberboard Corp.

Figure X-26
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SHOP AND SHOP PRACTICES - Contd

Field Fabrication = Contd

3. Divide 360 degrees by above result, which will give angle of cut for miter.
Example:
o 48" diameter vessel is to be insulated with 2" thick flat blocks cut into lags or mitered
form. Oulside diameter of insulation = 48" + 2" + 2" = 52", Circumference of outside

of insulation = 52" x 3.1416 = 163.35".

From the cbove table the ocutside maximum width of miter for a 48" diameter vesssl
is 5",

_lig:_:_?‘_‘ﬂ__ = 32.67 pieces

Increase to 33 pieces.

Qutside width of miter =

.36M 1"
163336 =4.95" = opproximafely 4 a_.

Angle of cut on each side of miter =

360 =30 =5.45
2x33pcs 66

NOTE: Sectional pipe insulation, where available, may be used more economically for
18" and smalier diometer vessels. Curved equipient blocks are available to
insure snug fit for equipment up to 54" in diameter.
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INSULATION SUPPORTS AND SECUREMENTS

Insulation supports ore the appendages, or objects which carry the weight of the insulation.
Frequently supports are atfached to vessel walls; thus, the insulotion support acts to transmit
the weight of the insulation to those walls. In other instances, such as horizontal pipe,

the pipe itself is the insulation support,

Insulation securements are accessories which attach insulation in position. Insulation securements
are such items os wire and strapping.

SUPPORTS

Insulation supports are designed to fulfill the requirements of the weight of the insulation,
strength of the insulation, operating temperatures, and configuration of the vessel or equipment.

The insulation supports for the insulation installed on the cylindrical section of a vertical

vessel is shown in Engineering Standard EQ-64 and horizontal vessels in EQ-65. These particular
supports are welded to the vessel by the vendor and is a preferred method of attachment. In coses
of vessels which are converted from one service to another, or which may have been purchased
without supports, the supports may be bolted on as shown in EQ-48 and EQ-69. In both cases,
the area of the support on which the insulation rests is such that all the weight of the insulation

above will not exceed the compressive strength of the insulation. This is illustrated in Figure Xl-1.

In both cases the lowest support ring and uppermost support ring are slotted so that bands can be
inserted through the slots for fostening the head insulation in position. The weight of the bottom
head insulation is supported by the bottom support ring. '

Where it is necessary to insulate the heads of vessels with a skirt, proper support rings are shown
in EQ~64 and EQ-70. EQ-64 supplies the information to obtain welded-on supports, whereas
EQ-70 provides the means of installing a ring in the field. Wherever possible, method presented
in EQ-64 is preferred to the method given in EQ-70.

The support shown in EQ-68 is an arrangement whereby the cylindrical insulation on a large
diameter vessel is broken up into sections with each section being seporately secured by bands
fastened to vertical angles. This eliminates the difficulty of trying to space, install, and pull
up bands all the way around a large vessel.

On very large bottom heads the weight of the insulation makes it improctical to attempt to hold

up the insulation by straps fastened to the supports around the cylinder. In addition, even if it
were practical, the expansion of a large vessel would exert such stresses on the strap that either

uUCC 002828
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WELDED-ON

Lifring iug

INSULATION SUPPORTS FOR VERTICAL VESSELS,
INCLUDING TANKS, OVER 3-FT 0.D.
(Devigned for we with prefommed shapn, gone!, ond black fom insiotian}

ring, top emd botram hawds, on
veuals arer 101 O.0.

— Nate A
wnd Nois G

Note C ardd
Note G

!

$~in. dia #rop-enchor rods
for vonsnls over 13-4 OD
Sou Table B ond Section B§

178, V9= mox

Spocing Maduls &

Note F ond
HNae G

TJongent Line——y

S e e e am o

For vesiels over
16-7 OD, See
Std £Q-47 sor piny

a}"b‘?l

4l

‘Nore D 2

(SEE OVER FOR

TYPICAL DETAILS}

JAKE A

Inslusion Bor Sixe
Thickrem, by hicknew, t, Widh, -, Wold Size, 1,
fin.) A ﬁn } fin, x 48%)

1-1/2¢ S3-/2 Ne |-m e
S0l 1/4 3 V/4

Yeagy 81172 A%e e J

GEMERAL NOTES

All nrppert cings shall bo slottay eecopt whors noted
otherwiss. Previde insilation mopod rings O mosimul
wocing of -k, Shemer wpvces Pwll be o muiriple
of 1-f é~in. Salect sppon ting size fram Tobie A,

Materiel for swppors shoil be ¢t nered on vanal cusmbly
Begrwing #4 in ha vessal ificoti Welding pr

o otroching mappents -eo “ow nnol a-u be sensoi 28 Hhat

for the proswe L of wppoets
10 on axist lag (vend) ASME Cm V-nal Ml Lc in mlmo
with The opplicobla Cods my

oot tracimene whes requived. Stilfenang ringt n)cau'i be
spaces er inwdnring wepert ring swduiss, if procticoble, end

Awy be visd in [veu of wondeed inwiering mpperr rings on
wasaphy wirjacs 10 axtems] prastvrs. Do Aot tiar wiffening ringy.

SPECIFIC NOTES.

A, Pravide imulation nppnn,:inpfa/m 1op omd bottum of sach
thall tmasition wtion. For dished fop heady, provide ring
on the straight flonge of the hasd o on rhe dwli adiocens te
the hecd .

B, Provide suppurt ring obova sthell axpeniion (oine.

€. Provide an insulorion suppost ring cbove sach flanged whell
joint. Clywoonce betwaen the top (buch | of the flonge
ol the 10p of the ring shall ba asfficiant fo provide
occeu for tightaning flange bolts but mot [eu rhoa 9-inchey,

D. Provide the following insviotion wpport cings on vewel skirty;
. Orw ring on the autside of the kit at dx 1, nchas miniman,
befow the haod fangens (ine.
2. One Rein. = Ioin, sloared ring Inside vhist. Lovare this
ring fo provide .+ 3~in. clearance betmarn the bottom
Mwhm-ﬁ-dﬂum‘ Wald on tow side only.

3. On vanels darignad for service below 0* C(2° F), provide
® socang [lower) 1ing insice the skin cpposise the ring of
D.t. cbove. The townr imide ring il by of 1he wme
thicknen snd width 08 the ouhide (eppasite) ring. 3ot ere
nat rquived in the inside, lower sing.

E. Waldadon lnwietion wppan ¢ing on the outtide of skin with
dublie—ing type boss for use wirh presiresiad onchor bolts sure
be moced of least -1 2-in. above the 1op base ring. lnwel}
bolted-on inmlotion weporn ring per Sid Q=48 whare This
clesronce cornot be awoined.

‘F. For log o lugrsupponted veneds with #ithed botiom heeds, wovide
on inmlorian suppen ring en the Rroight Fienge of 1he bairam head
or on the shell ediocant t the hattom heod.

G. Locnte rings wnd rodh 18 pravide miniewm cleasmnce of F-inch
b wamr the ring of rod atrachment weld ond the verss! circumiersmiol
o longitudine! wom edpm, Ring or rod ottocihmen? wakds sholl nar
cree swome in the vensl.

#H. Locarte rings and rods to clacr shetl connection, reimforc smawt pods,
litting lugs, otc., where gomible, Ring locetiens above noetles ore
preforred 1o those belew noxzien.

Whers i ble ra avoid imerk ber vhall apenings o
arachmerts and ting), on apening of minimun precicoble length
wholl b laft in the ring, Piovide I-inch, winiewm, clasence

b ring o rod hmern wolds and g wold of
the intarissing em.

J. Previds wppert ving below Piwform Clip Atrechment.
nasrest multiple of P~inche: sbwwe next 1owes ring.

Locass o2

PAGE 1}

ENGINEERING STANDARD EQ-64
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WELDED-ON INSULATION SUPPORTS FOR VERTICAL VESSELS,

Inside of thell

INCLUDING TANKS, OVER 3-FT 0.0.

Laongitudino! rem
See Nare G

Rings orm nat required 1o be
continemns. Openings berwesn
§-in. {Ses Nove H for
enception].

See Derall B

djscart ench pull not encend Circumisrantiol ssam

{See Tobla A
and Nate D2)

R-in. min from Note D3 Fov rings on imaide of skint
ussending edee DETAIL B
DETAYL & Typcol
SECTION A-A Typace)
Typical
TARE 9
Mo. of Strop-Anchor
©.0. ol Vewsel | Roch Reavired
15-030 17°-0 [y
27 =110 36'-0 8
36°~1 10 50°-0 18
Over 300 Ona 108 for eoch
91 af gimymisrence
L_ o frocrion theysod

$~in. dio srep-onchor rade,
Sea Toble Band Nete G

[ - :l»..{;.;.

and Nuote H.
SECTION 3-8
Typical
— inssierion
ippon ring
| {=in. dia wmg-ancher
| rod = Sou Toble

1% .

f e
-
£

ELEVATION D-D

Typical

17 Min 1] 0.0, Nozzis flange

4~in, din continuavs
ring, sreop-oncheor rod

VIEW €-C
Typicol

Typicot flanged
hesd connection

d-in. min gap baiwewn
rod and wrface of
hand o remtoscing pod.

SECTION E-f
Typie:

ENGINEERING STANDARD EQ-64

UCC 002830

re— | w—e - ¥ revam - spemy

——————

———



CHAPTER XI

[ APPLICATOR TRAINING
[+]
Wi STANDARD PAGE 227
[ APRIL 1970
WELDED ~ON INSULATION SUPPORTS FOR
HORIZONTAL VESSELS OVER 3-FT 0.0
(Designad far van with pegfanned thapes, penel, end biack foms lawletion)
f — d-ln. mam, o Mate 2 in. maz, e Nowp 2 ——m| oo
~ t
—

—

L.

Tongent line

\ tavlation wppert bav, both sides, with
wated heins, &)+ inches OC in astsonging iug.

”

on vemsls over 10+ OD

Sloshad inmdetion mpport ring .

t
t
I
)
I
]
t
]
Seme bath onds. [ ]

SIDE ELEVATION

buide of doll

- /_‘b’c 7
{Sea Toble A ond

a Now), 2, odd

| v— | —— pur

d-in. dia wop~
onchor rod

TARE A

Bos Sisn
g W [Weld Size, ¢
Gn) | () ‘] (in x4
i ] i
i 2 ]
] 3 3

GENERAL NOTES

Moteriel far upport rings ond ben shell be ot psellied in
the Vel Specificmions. Select ring {bor) size frmm
Toble A.

Walding procesure ler steshing mpports 10 ¢ rew vewnel
whall be squel to that for the pracnve~contsining anclewsa .
Attochmant of supporss 1o e sxisring (used) ASME Code
vawsl shall be in conk with the Opplicabl

Code reauitements including pettwstd heo! Sractmers

when raquired.

OETAR NOTYES
1, Lecete haelzonea! mpport bon 10 provide minims
i of l-inch b Tha har ch
ang the vemsl longitudinol mam sdpes.
2. Lacwry ringe and bon 1o ciser el comneciions end
reinforcament pods. Prowide minimum ¢lesemrcs of T=inch
L sing ar bor h waldh end v
weid of ety adyocert ilem.
3. Suppon ahechoemt welds dwll net crom longinudinel er
cirsvmiorantiol walds in she vermt .

ENGINEERING STANDARD EQ-65
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BOLTED-ON' INSULATION SUPPORTS FOR VERTICAL VESSELS

(Dusignad for vse with profomed shopes, guae!, end block form inauleion)

{ocase tap band to
wit and e ciipe,
Dot § 10 tchor
lraulasion strops,

When insvletion thicknes b > 1,
use pioces of sael angle for
Inaulotion seppors. Sae Darail D..

> Locerian of wpper wglm
shol) ba adwted te oveld
intarterence by noxzies or

vemel
\—Mcﬁ eqsired in
&

[ ey
angles sncupt en
vemely with matol
jocketed inmdotien

P Suppont ongles il be
instolisd in mesvien of
V-4, with wox. apecing
.-J of 1R,

”F‘ Sen Dorall A
4

for vauek over
15°-0 OD, See

Tobte §

[

1/4 2 3/4 vloned
hole whars retuired

N s bt

‘st ond fag, Fler lop

splice provided for ipstuilotion
coweniamce, Um dips,
Detail O o £ o1 requind

1o anchtr inulasion #reps.

For vasial; over }4 & O.D.
sou S EQ-67 foo

—~ y %

st 2 7 7 7

ELEVATION

= §1/22 18 x 04 (Bawt}

pins welded o bortors hrend,

174 /—lﬂ-J/‘ka

PETAL A

Yousa!
Shelt

OVER 3-FT 0.D.

1§ » & weel band
Srownd vesal in twe

ot meore sectiom ond
bolted rogethe .

When inssdotion thicknes is 1, ose bem bars bor support .
See Detail €. 42 3 siots required in wpporr angles for
shell bord odjscent 1o bonom heod.

t:r_.

ANNEE

7

i}

A\

{1-1/2% 1)
DETAR O

(Refer vo Toble A for dim A ond 1}

A
{-f
{

e

L
]

J 4 !__ Y
L 1-1/2 :5/-“;::0
S areved veme) TAME A
DETAL 3 taslotion Thickneu, Y1 Angle Thicknes, ¢ | Angle Leg A
{in.) {in.) {in.)
T<t, s 3 1 M
Her, s 9 ] 3
Bond oround vesss!
I 1
Versel shetl i — "f NOTE:
Drow Aange, Bolre sholl be §-in. dla vendand mackine bolts
Ly with suuore heods and hen ey, unien otharwha
»0-2 indicared,
- Al ool parts shotl be comred, o cherwise
e % R prarected the some a1 the vaise! to which they
~13 . 3 -in, dio hole ore ottacked, prior 1g the attachmans .
Use sainlen wesl boands ond oluminum ¢lips on

OEUIAR ¢

Bor insulotion mpporm = M a § & 0°-28 (Rew)
oETan €

'Bolradon imiction weports ere %o be used

only for FIELD INSTALLATIONS on vouels

on which welding i elther At perminible withow
powweld heot trmetment or becowie of meo
condirions, or when walded-on inmslatisn mpperts
o0 not stherwise procricuble,

§-in. die wd moch bolt

aluminum vaests,

REFERENCES:

Boliad an tnndotion Support
Angle Tor imide of Skin for

Vorticol Vessads . , . . . . . $d EQ-T0

StragmAnchor Angles o

Yoush Ovec 15100 . . . . Sew Over
PAGE |

UNLESS OTHERWISE INDICATED, ALL DHAENSIONS GIVEN N INCHES,

#36 w32 ao3
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CHAPTER XI
APPUCATOR TRAINING

MOTIT STANDARD
'CARBIDE JEFPNRPReY P "3 PAGE 229
APRIL 1970
BOLTED-ON INSULATION SUPPORTS FOR VERTICAL VESSELS OVER 3-FT 0.D.
STRAP-ANCHOR ANGLES FOR VESSELS OVER 15-FT 0.D.
’ t. 1 n:wt Y
1 x 1 x §x M-in,
Clip angle
Symﬂr;cﬂ

t obout cemorlin'\
|

. |
VESSEL

|

Strop angles
See Toble B

Angles to be spoced equally,
o3 nearly o3 powsible, oround

Strop anchor ongle

4-in. dia x I~in. bolt
3q hd, hex nut

circumference of vesssl. s v l
. . 1]
1} 1

PLAN

A
insvlation support
Strop ongles (Typ.)
M x 13 x 1" Steel angtes
with § x 3" slotted holes
44" C o C in cutstanding legs. 3* Typ.

See Detoil F

Inside of
vesnel shell

— Strop anglex

Lr;

T
] N

3 x 3-in. slotted
holes (Typicat}

SECTION A-A

TABLE B

Qutside Diometer
of Vessel

A

Number of Vartical
Angles Required |

ELEVATION 15'=0 10 27'-0

4

27'-1 to 36'~0

8

38'-1to 50'-0

1)

Over 50’~0

Ons ongle for soch
9~ of circom-
ferencs, or froction
thereof ’

PAGE 2
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UCC 002833
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APPLICATOR TRAINING
PAGE 230

APRIL 1970

BOLTED-ON' INSULATION SUPPORTS FOR HORIZONTAL VESSELS OVER .3-FT 0D

(Dunigmad for wee with proforand shapes, poral, ond hlack form ineviorion)

& jman} ‘.a {max) PP (mon}

& {man)

L

Tengent ting

See Dueit C

1=1/2 5 1/8 el bond —————]

S

11720 1-1/2 m 1/8 sosl amglms with
1/4 5 3/4 sonwé bolms 4 - 1/2 OC

S

B \/—“”"‘—\gé% [ Xy
Soe Demmil A ——--)\J)wi

Stipmen friction slips for o bands anly,

spoced sppram 9 Cr1o-C. For smach-
mart of and rereiatng strape, 300 Dutail €.

.SID§ ELEVATION

DETAIL A
Typicsl
P
D_RevaTion Lo il o
[ wf ~
SI | 1 » s
MR ] t P-
Send creund vewet b e 3
i
!el ! ' | )
Ovaw flonge ! L]
f:-!-m.l—m.muo--z .
/
. '» P4 win. dohely

‘ﬂ‘.ﬂ. line
jh Dwtoil €

\ Voot i —

b ¥+1 22 182 0 -4 (Bemt)
with 1/ x /4 posted hole

DETAL C

Altarnotive, d-in.

|V dta CSK brwad bolt.
-

|
3 x 1 slortad hode.

— _L Cantedling siots §-in,

+ $rom eutwanding wdga.

ﬂ &— Support angle
. 9Néda. Hohols

Lol-l2x1-1/221/8x0" - V=1/4
{Omit when C3K boirs ere preferred)

1/2-in. die sandand mechine bokt

NOTE:

Sains thalt ba 3=, dio sondard mechine bolrs with
Mpucrs haods ond hax nuts, wnlew otharwise indicoiad.

Al wroet pori shall be cooted, or otherwise

protacted the 1orme =i the vessel 10 which they ore
ch prioe 1o the ch .

Use wwinlen wosl bands and sluminum clips en

huminum venals.

' Bolted-on inwslotion supports wre 16 by veed oy for
FIELD INSTALLATIONS an veswis on which welding is
wither not permitzible without pew weld hast prostaent or
bacouse of armm conditions, & when welded—on imwsiation
Wpparty #re ROt Otharwise prectiochle,

UNLESS OTHERWISE INDICATED, ALL DIMENSIONS GIVEN IN 1NCHES.
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CHAPTER Xl
APPLICATOR TRAINING
PAGE 231

APRIL 1970

BOL'I'ED-ONx INSULATION SUPPORT ANGLE FOR
INSIDE OF SKIRT FOR VERTICAL VESSELS
{Dasigred for wow with Praformed Shopes, Pesel, end Bleck Femm ireulotion}

A
’

-~

—

\]\

See Dwteil B for location
of yppres mappert

See Deseil C for olrenmse
methed of lapening suppers

4xly, ain

]

L
3,

2N

r.j

Tangest line

1§ % 1 x § ongle wppon with sloted holes,
o1 thown In Dateil A, tho!l be provided

in this lecation.

b A sacand {Lower) ongle wppor @3 shown in
Detolt A, axcept withaut Wots, and hoving
dimansions in occordonce with Deteils D ar C,

DETAR A
{Botbem View)

YBoired-on inswletion mpparts ove to e wued anly er
FIELD INSTALLATIONS e vessls on which webding

i withur nov Trle withowt o hooe
or bpcsuse of aven comditions, or when welded~on
frmlation awpperts ors sthered icubla .

ot pe

Swil ke provided in thiv locstion for vemsals
daiigned for service below I2F {OC) only.

-P- \
Vawel Skint \"/l .
/] ‘ b, m
/ka i N ot hme
/\
< 2 1 § slorad holes
/~ fos imwiotion weop, (
N in uppet wpport only.
1%
-M‘- DETARL B
T
Vemel Stin L/ i
R
& *in. Bio hols {
for halt, i M—“/N |
§ % 3 vorred holas
Ry for insviotion srop, in
upper Ruppors only T -
$-in. dia 2d
waching botn /
pacad to wh In
flold {minimum 4 /
bolts) B3
DETAIL € .
Alremate method of forening ongle mipport .
Dimansions “1" ond “A™ for Desoils Band C.
Insulotion Thicknew, f | Angle Thicknes, + | Angle Leg "A®
{in.} {in) {m.)
Ten <y [ 1]
Ben sy N ]
NOTE:

AlY waed porns sholl be cooted, or stherwisy prasecrad e
e 24 the versal ta which they s1e oftoched, pio 10
e oitachment .

Use alumimm angles on sluminum veusls,
REFERENCES:

Seltad-On Inwiosion Suppoers s Venies)
Vewskh Over 0 OD. , . . . . . . S EQ-4

UNLESS OTHERW ISE INDICATED, ALL DIMENSIONS GIVEN IN INCHES.
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PAGE 232
APRIL 1970

i T

INSULATION SUPPORTS AND SECUREMENTS

— Wall of Cylindrical Vessel

7 } e~
[ 5
|
r' - Cushion Blonket
]
1 )
5 2

>
&
%
g }Jrf Insulati

S nsulation
j_ c s
||
M
i
4 e

. iy :
s ': L ——  Weight of Insulation
2 cs‘-'
RES ?
Y n
1
N\ A

“
A
4 \_, This area must be sufficiently large to
’ support all the weight of the insulation
4 resting on the support without crushing

or excessive deformation of the insulotion

INSULATION SUPPORT ON
VERTICAL CYLINDRICAL VESSEL

Figure Xi-1

_ UCC 002836
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APPLICATOR TRAINING

T STANDARD PAGE 233
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ARSBID OHMCALS AHD PLASTICS APR". ]970

INSULATION SUPPORTS AND SECUREMENTS

SUPPORTS - Contd

the insulation would be damaged or the strap would be pulled apart at the clips. For these
reasons large bottom head insulation is supported by rectangular welding pieces as shown in
EQ-67. The insulation is secured in position by wires fastened to these welding pieces.

Because ot its special shape the support rings for spheres require a special arrangement for
support rings to secure insulation on spheres operating below 70C as shown in EQ-66. The

insulation on spheres above this temperature is secured by pinsand speed clips.

Insulation installed on horizontal pipe is supported by the pipe. As shown in Figure Xl1-2,
the upper section of insulation rests on the pipe and the lower section is held up snug by the

securement wire or sirap.

Where wire is used to secure insulation it should be drawn taut by twisting the two ends together
with sufficient tension that the sections of insulation are tightly butted together. The twisted
ends must be bent back or embedded in the insulation so that sharp cut ends are embedded in

the insulation,
/

o

Straps should be instclled in a similar manner, being drawn taut by banding tool so that insulation
is drawn tightly together. Cut end of strap must be bent back toward clip to prevent a sharp

projection.

On low temperature installations and for some small size moderate and high temperatures the
pipe and insulation are installed in cradles. Under these conditions the entire weight of the
pipe, its contents and the insulation are supported directly by theinsulation. To prevent the
insulation from being crushed where the pipe crosses the beam, a metal cradle is inserted to
spread the weight load over a large area of the insulation. Such an installation is shown

in Engineering Standard P-82.

Vertical pipe presents a different support problem. In the case of short lines with a bottom
welded elbow, the vertical pipe insulation is supported by the elbow insulation. On all long
vertical lines and lines with flanged valves, flanges, or elbows, an insulation support should
be provided. This is illustrated in Figure X1-3. The reasons for this is that, in the cose of
long vertical lines, the excessive weight of insulation on the elbow cover will ottempt to push
it down and around the elbow with a resultant crock developing on the outer radius of the
cover. In the case of flanged fittings, the insulation should always be secure so that fittings
can be received without insulation slipping down the vertical pipe.

UCC 002837



CHAPTER X
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CARBIDE [FWapgwy e 554 PAGE 234
APRIL 1970
INSULATION SUPPORT PINS FOR WELDING TO CARBON
STEEL BOTTOM MEADS OR TO FLAT SURFACES
{Designed for use with preformed shapes, ponel, and block form insulation)
. Pins welided to bartem head of ronk;
12-in. conten — }'_ 12 in. centers sach way, diomond pattem, ' 7/8
P with §-in. dimension in rodial direction. |
pe N .
/ N\ ~
A i A = 3
t } =
o) . ‘ %I} ®
4 gf : I 9/16 & =
\ n 12-in, centers o Wike
\, // S
N 4
—— —
VIEW OF BOTTOM HEAD
Before Welding
t
ELEVATION A-A
After Welding
Froot Elevations of Pin
|
NOTE:
<£ This stondard opplies to flot surfoces end to bottom heods
of corbon sesl vensels over 16-ft OD for operating
temperotures above 70F.
Pins sholl be o3 manufoctured by KSM Produets, Inc.,
. Moorestown, New Jersey, or other opproved securement .
Attach pins in diomond pattem o3 follown: Pirs sholl be welded to vessel with a KSM-CD-40
A= 12-inch centers for bottom turfaces. Capociror Discharge Stud Walding Unit (or approved equal)
. A= 1B=inch centers for side surfaces. with occessory chuck to wit pins.
A= 24-inch contens for top surfaces. Pins shown ore §-in. thick.
Pins shol) be welded to vessels subject to postweld heat
TYPICAL FLAT SURFACES treatmant before the final heot trectment .
Pins may be walded in the field to vessels ond other
equipment not subject to postwald heot treotment
All di # given in inch

ENGINEERING STANDARD EQ-67
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CHAPTER X!

APPLICATOR TRAINING
STANDARD

APRIL 1970

WELDED-ON INSULATION SUPPORTS FOR SPHERICAL VESSELS

FOR OPERATING TEMPERATURES LOWER THAN T0f {21¢}
(Designod So wae with ratenmed thopes, pane, ard block form ineulesion)

d-in. min gap betwesn

SeeNuwnitd rod snd naface of heod
o meinkerting pod.
Typiost flanged
- T Min bottom conaschion
' ymlost
" OC o Ses Detuil A
SICTION A-A
Trpieet
- 1
:‘“ OD Noaale Flonge Sym. comterline
Ineuiation Support Riags
§-in. dia, contiren ring,
1 Strapronchar sad
A wiew by
’ TARE A
d Inasiarion Bo: Size
Thicknass, l} ickness, I’W' . Wi Weld Size, 1
[in.) {in.) in.) T {in. x 45°)"
Vet 21-1/2 [ i
12< 1t 532 F 14 I
2-1/2< 0. 59 3 3
™~ i GENBAAL NOTES
J L J Provide soch phers with two slarted inssiation suppart rings
(] = 83 shown on this Stondord. Orher imuletion arpparts, where
required, snall be o1 specified in the Veuel Specifications.
$in. “‘W Selact wpport site from TABLE A.
connection anly Marerial 1or aupports shotl be o1 moted in the Veesel
Spacificotions, Welding procudure fur etiuching supports
REVAT to sphars sholl ba equal 1o that for e presure compaining
oncloss .

DETAR NOTES

1. Suppent rings thell be pravided for bl spheres 10
e inwdored for opemiing rempuraiures lowe:
than 70F (21C). Rings ore net 10 be conrinuaus.
Opunings botwess adjocsnt ends thail wot ancesd
§-inch.

2. Adww ring bocotion, if v, 10 provide mini

1 of 1=ineh b the ring StMchmert weid

and whove girth wald sdom. Locete ringt so clesr
sholl commections end resnforcement pads, Prowide
minienam clegsgnce o 1-inch between ring ortechment
waikis and ottacheant wald of any odjacen em.

3. Suppor ortochmens welds Dull net 2200 nevidiens! welds .

ENGINEERING STANDARD EQ-66
UCC 002839
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CHAPTER X
APPLICATOR TRAINING
PAGE 236

APRIL 1970

INSULATION SUPPORTS AND SECUREMENTS

Securement Wire or Strip

Weight of insulation supported
by top side of pipe

Securement wire, or strap,
transfers weight of bottom
section of pipe insulotion
to top section of insulation

insulation

Weight of bottom section of

insulation held by securement
wire, or strap

SUPPORT OF INSULATION [INSTALLED

ON HORIZONTAL PIPE

Figure XI[-2

UCC 002840
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CHAPTER XI

APPLICATOR TRAINING 1

UNION CARBIDE CORPORATION CRADLE SUPPORTS FOR PAGE 237
CHENICALS, OLEFINS, PLASTICS
=3 INSULATED PIPES APRIL 1970
ToaEFicaTion SrONSOR wEVIEWED BY APPROVED BY IBBUE0 (0 3-1) Lisiis 1
DATA DEPT 936 J/yj;,y_é{#‘_ | S i | 5-25-5 9-1-65
PIPE NSULATION *—{;) AANSULATION n
N . | ) I ¢ P
=
T-
T N\ B )
.-J STEEL CRADLE J STEEL CRADLE
- e
"$" ( SPAN_BETWEEN SUPPORTS ) .
Y9~ N, RADIUS T4 -A
' BLPLATE WIDTH BEFOKE FORMING .
HeDIMENSION FROM & OF PIPE TO BOTTOM OF CRADLE ReBENDING MADIUS FOR BLATE ("H° MINUS "T")
T+CRADLE THICKNESS S«SPAN, IN FEET, BETWEEN SUPPORTS.
LaCRADLE LENGTH
"L CRADLE LENGTH
""0"; mg "I* INSULATION THICKNESSES (NOMINAL) ! e SPAN iares
2=
ST T T, T2 T ah ] 3 1 3h ] & (¥ 8 [ 920 & 03] 7 (7.1 8 (0219 1 10 horie-rrisrin-rriorress 526
ni oiig| 2 | 20g 373 & | el s | 5%l 6 620 T'af 7o) Bl | —{ — | — | — ,
'z T 4 GA [ he el e e e 10 | v | aome | wme | s | mem e
B 2] 6l4) 7H] 10912 [13G[18 17 Ji1e%l2o 22 Jes'hled | —{ — | —f — | —
W[ 1l 2 J2G] Shi & [l 5 [ 81 6 | 6hl vl 7%{ 8le{ —j — [ — 1 — [ =~ )
S TF—146a [ s lgo—of o} — | — ] e | e J 1O} o o fem | o | e [} 2y
B[ 4] 8] 7% 10%][12 (18,18 [17 [18ta720 Jee Ja3lpjes | —f — | — | — ] —
WL 1%] 2] 27| 22] # | #'2| 3 1 321 6 [ 6] 7% th] 8] — | — | —1—1—
t R V4 GA (™ S o] — 1 — | — | — 1 —Jwlw|={—[—]—1H
B8] S| 7 | 8% 10%]12 [19G[15 [i7 [185]20 Jar Jeaiylad | | w | — )~ | —
W 2 277] 302l & | aig] B | 521 6 | 6'g] 7'al T5a) 8'al 8%] 9'e| 9%[10's]t0%] 115,
1ILET F—i140a iy T S |10~ —|—{— 1t
B | €] T3, ]10%)] 12 13,118 |7 [i8'pj20 [22 J23i;]2s [26, /28 (30 [31i,{33 3¢
W] 2] 2] 3] & | 4] 5 | 52] & | 6] Pl T3] 8's) 8%) 9] 9% [0 ]10%] 113,
2T —i1dca 's e s S —0j0 10—t —|—1 2
8l 0, J10%] 12 [18L,]vs Tuvr Timlaf2o0 (22 fesi,i2s [2s'zizs 130 [3:1%3]33 |3e
W 2% 3] 4 T ar,] 5 F 5] 6 | 6laf Pl T30 8] 8% 9] 9% 110100 1t 12'y
3} T (14ca [ ‘g 5y wipwlw|—j—1—3 3
8| a%f105]12 | 132138 J17 [18]20 {22 [23%[25 [26'3[28 [30 [3i'2f33 [3a%}{37';
W1 3,14 | &3] 8 1 8] 6 | 8] Tl 7310 8'¢] 8% | 9'al 9%[10' [10%]01ia] 113125
afT ] W L} wlwl|w]2|—{—ia
8 [10%]12 [135]rs |7 [i8',]e0 Jez J232)28 126,28 [30 [3t'2]33 Is«iz2l36 (39
M4l 5 182l 6 | 62] T4 7% 84| 8% 8'e] 9% [10'af 10711 a1 1% 12%[12%] 137
6T —! 5ie Zgdl Wi wiw| —| g
B (13118 (17 [is'z]20 J22 [e3'2[23 [26'2]28 [30 [3i'2§33 |34'2[36 [37:[39 [a2';
L 8 | 602] 7] 75%) Biaf 8%] 9] 9% 107 0% 11 0a]113[ 120 [123,] 133,187 ] 147,
B T — 3 s 5, g——=1! 0] 12 8] 20— 8
B 18,120 22 1232125 l28'2]28 [30 1312133 |34'2]36 |37'2139 0% ez'2]ess
L) T'al 73] 0'a] 03%] 9% 9310l t0% [ 1100 113 [12%[ 1234133 [ 1374|143 [ 1474] 157,
ol T T="F% » B Tg~i 12} % (20|20} 24| — 1| 10
0 22 123,125 T2 Tes 130 [3i%p}33 [347.736 137',]35 Jeo3, Jaz'>]ae Janiz]en’,
" 84 83%] 9t %100 o%l it 11302 12% [1330] 137 14% | 1470 15%] 157} 167
2~ = Ta S 3a Tig—=f| 12 {18 |20 |24 | 24 | — 1t 12
s 28 [28' (28 {30 (3%, 0sy [3e';{as [375;[39 faoY,Ja2i;[ae Tas'; a7 Jas3,is13,
H 0% ] 9% 9%} 10%] 0%l it 1l 120 125 1% | 1375 | 143 14Ty [18%] 187, [ 163175,
T8 I e S— 56 3a Te 8120 124 | 2¢ |30 (3 |} 14
0 26';T28 T30 T3179:[33 347,136 [377,139 405 e2';]a4 [a5'; [47 4% ][00, ]537,
L) 9] 100 0] ity (v 13,1127 [ 12% [ 133 157, 14% | 1476] 15% ] 15% | 16°8 | 1676 | 17 3] 1875
6 71— 'y Sig " lodl 16 {20 |26 |30 | 38 [ a2 |} 18
) 30 [31%2]33 [34'2736 T377,[39 J4n%a]42/;]as [a31,]47 [ag%] 50l 513535 |56!s
" 103,] 114} :5.[12‘.1123. AR ITA IR Y A e
el v1— 6 Yol 20|24 {30 36 | 36 { a2 {18
® 35 [3473]36 [377.139 V403, Ja2i;[44 [as]a7 |aB5, 5004|513, [53'5155 |567,| 997,
" 113,f .:..] V2% 3 T N e raTy [ 1% vs T, | 165 1674|175 | 1 TTa [ 10872119 19 ]200,
20| v ) — 3g 1 24 | 24
2 30 38 {42 ) a0fioo
8 36 J37.,]3% [ao% a2, 144 (45, [47 J4a%[50% 1512 ]33,]58 Jse;158 | 597,162/,
H 137y uﬂ:] 1ag] 15%)13%] 6% 187 1735 ] 175187z [ 19 [197;]120 |20'%2]21'a]21%a]22%
28| v{ — 8 g iy 30(30 {36 {42 | o0 [ 34 || 24
[] 42';[as Jas'a[47 Ja%[s0%]31% ]93] 35 Jaez [38 [a9'2]61 Jc2'z|6aiz]66 69
ALL DIMENSIONS GIVEN IN INCHES {OVER)
238130003
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APRIL 1970
ENGINEERING STANDARD NO. P-82

NOTE:

Dimensional insulation data is taken from standard insulation tables. It should be noted
that the insulation OD and ID are standardized to match the OD of standard nominal pipe
sizes, and for thicknesses over 2 1/2-in,, multilayer construction is used.

Cradle design is basedon a maximum bearing value of 20 1bper sq in. for cellular glass,
withone percent allowable deformation without damage to the insulation. Other types of
insulation will tolerate greater pressures and higher percentages of deformation without
loss of insulation values.

The bottom 120° arc has been estapiished as the effective cross-sectional bearing area
for insulation and supporting cradles, with the first inch of insulation next to the pipe
absorbing the greatest proportion of the load pressure. Cradle material beyond the 120°*
arc is useful for installation and retention only.

The following equations are the results of complex formulae reduced to simplified ratios
for ease of application.

12wS wS
T = .0125D L = .0125 or .i5 —
2 D, D,

Where:
T = thickness of cradle in inches w = unit wt per foot of pipe, water, and insu-
L = length of cradle in inches lation, plus 10% safety factor.
Dy = OD of bare pipe in inches f = (20 1b/sq in.)bearing value for insulation
Dy = OD of insulation in inches ¢ = (1.5)coefficientof friction for longitudi-
S = span between supports in feet nal movement,

"T'" apd "L" have been adjusted to increments most suitable for practical application.
"L" has been further controlled by the greater of three minimum values as follows:
. wesS
(1) ten inches (2) one pipe diameter (3)5—’-{—

Cradles are Intended for use in straight run horizontal piping with flanges and fittings,
short vertical runs less than S/2, and installations not subject to vibration.

Runs including valves or long vertical portions shall be treated with special considera-
tion, ‘

Where severe vibration is anticipated, such as in compressor lines, the insulationbetween
the cradle and the pipe shall be resistant to vibration.

ol

ENGINEERING STANDARD P-82
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INSULATION SUPPORTS AND SECUREMENTS

Pipe

AT

Pipe

U I ? "
‘ﬂ. . i ",5\ lfr ! .
)f{! ! i" f{? . o~ InSUloflon
A%l Insulation & \fx;r/_
N \l Nid
‘{:s t ‘: \f‘: ’ "‘{l
,, er,'.‘ .: "fé \}'o:\ R “‘t‘
i . IR ot A B
! ,/ N R a; ) N5 B P
Y % ‘;‘ i o l/‘lnsulation Support
0‘5,,; . ‘.\1\' - .
R } 1 __insulation Support A ! Vf’e'g'“ of \{emcal
S i ) ] A Pipe insulation on
N e Weight of Vertical |z 7 b -‘v;. Insulation Support
o | A4#" Pipe Insulation on 1T % |
Welded "/ i Insulotion Support ,ﬂ:l—‘{.ﬁl:f"'f °"'Ser c
e ' amdills otion Cover
Elgow LS Welded Elbow %ﬁ—mﬂ.ﬂ’\—‘nw
?\ . \\; ,/ Flange or
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Figure X1-3
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INSULATION SUPPORTS AND SECUREMENTS

SUPPORTS - Contd

Horizontal equipment less than 4 feet in diameter is insulated the same as horizontal pipe.

If horizontal equipment is greater than 4 feet in diameter, difficulty is experienced when it is
attempted to pull up the bottom insulation by securement bands. Due to friction and weight,

before the sag at the bottom is drawn out, the bands begin to crush into the top insulation.

For this reason, support angles are located 60° from the vertical center on lower half of the

vessel to which the bonds con be attached. These angles carry the weight of the insulation.

To provide supports for the head insulation, cylindrical supports are provided at each end of

the vessel. The insulation supports for horizontal vessels are shown in Engineering Standard EQ-69.

The support of insulation on large flat or curved surfoces such as ducts or spheres can be quite
difficult. In these installations the insulation supporis must be attached to the surface to be
insulated. For this type of installation, rectangular welding pins, split pins, and regular
welding pins are welded to the metal surface and become the insulation supports. The insulation
is secured to these supports by wire, strap, or speed clips.

A typical application, using rectangular pins for support of insulation installed on a large flat
surfoce, is shown in Figure XI-4. As shown, this installation uses wire fastened to the pins for

the insulation securement.

The use of regular pins as supports and speed clips for the securement of insulation is shown |
in Figure X1-5.

In some instances the insulation provides its own support by adhesion to the surface to which it
is applied. Sprayed urethane foam has excellent adhesion and needs no additional supports.
Sprayed asbestos insulation of thickness one-inch or less, like sprayed urethane, requires no
additional supports. When the thickness is greater than one-inch, regular welding pins or split
pins must be attached to the surface to support. Such an application to the bottom side of a
turbine is shown in Figure X)-6.

Adhesives ore used both for the support ond the securement of insulation. On air conditioning
ducts, they are used to support the insulation on installations in the interior of ducts or on
applications where the insulation is installed in the exterior of the duct. Use of adhesives to
install industrial insulation has been relatively limited; however, for the installation of cellular
gloss or spheres the use of adhesives has proven to be the only satisfactory method. For such

on opplication o special catolyst=type adhesive is necessary. Hlustration of the use of adhesives
to support insulation is shown in Figure XI-7.

[
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NOTE:

Approved oltemotive securement s by
waliding pin insulotion fostener (Spec
VI{.A.22) with speed clips under
and over the wire netting,
omitting tie wires. p

Tie wires

A 1-in. hex wire netting

' {-in, thick hydrouiic satting
y imsulating cement

5 &) Finish as specified

e~

Block insuiation
, Welding pins as spscified in UCC Std EQ-67;
other approved securements located on 12-in.
y centers diamond pattem for bottom surfoces,
18-in, centers diamond pattern for side surfoces,
and 24=in. centers diamond pattem for top surfaces.

Apgplication of Bonded Expanded Silico lawlation 1o Flat Surfoce

Figure XI - 4

/-—llock insulation

| —— Pin clip (speed clip)
depressed into block

L ~—=Finish as specified

Fitl clip depressions with
setting insulction cement
flush with face of block

Welding pin insulation fasteners (Spec VII.A.22)
{five pins par block min}

Application of Preformed Fibrous Gloss Insulation to Flot Surfoce

Figure XI - §
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Finishing cement

Normal insulation loyer

Normol insuiction layer

Achast.

with spesd clips

Wire netting

Application of Sprayed Asbestes Insulotion to Steam Turbine

High density insuiation loyer
Dry asbastos fiber packing

Asbestos paper (wired in place)

poper ( ted in ploce}

Spliv pins, or 10 gage welding pins

Waother borrier, os specified

Figure X1 - 6
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INSULATION SUPPORTS AND SECUREMENTS

Insulation

Adhesive

Application of Insulation to Duct by Adhesive

Cellulor Glass Insulation

Application of Cellular Glass Insulation to Shpere or Adhesive

TYPICAL USE OF ADHESIVE
INSULAT U

Figure XI-7
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INSULATION SUPPORTS AND SECUREMENTS

SUPPORTS - Contd

The angle insvlation supports, and supports which require welding to equipment or pipe are most
frequently installed by crafts other than the insulators. For this reason it might be questioned as
to why this explanation of insulation supports is included in an insulation manual. The reason

is that the insulators are responsible to make certain that the proper supports are furnished to
facilitate the correct application of insulation. If insulation is installed without correct
supports, the insulation application will fail. If such foilures occur the insulator is blamed for
the failure.

SECUREMENTS

Securements are fasteners to fix and hold insulation in position, either to itself, or its supports.
An insulation securement may be strap, wire, tape, clips, screws, or adhesive.

Equipment Insulation Securement

Ri gid insulation installed oround the cylindricd section of columns and vessels is more frequently
secured in position with straps. As shown in Figure XI-8, the insulation on the cylindrical
insulation is secured in place by straps on 9-inch centers. The top and bottom head insulation

is secu;ed/to/sloﬂed support rings.

e

Where vessel is of large diameter, strap shall be divided in lengths of not over 15 feet so that
individuol sections of the circumferential band can be tensioned without domaging the insulation.

Strap should be installed to cylindrical insulation, stretching to suitable tightness with approved
banding machine, and clamping in place at joint. Strap joint shall consist of double-pronged clip.

Where shope of vessel or appendages prevent complete encirclement of strap, strop should be
fastened to tie wire, wire cables or other devices. Such an opplication is shown in Figure XI-9.

Where the bands completely encircle very large hot vessels such as over 20 feet in diameter, it
is necessary to allow for expansion of the vessel. This is done by using expansion bands or
expansion springs in each 30-foot section of strap. This is especially essential when factory-
produced insulated metal panel insulation is installed. Two typical installations are shown

in Figure XI-10. Due to corrosion factors the securement strap used on these applications should
be manufactured of stainless steel. Its size is 1/2-inch wide and 0.02 inches in thickness.

On large flat surfaces, irregular surfoces, and the bottom heads of large diameter vessels, wire

fastened to rectangular pins is used to secure the insulation in place. Wire is also used fo secure
insulation around projections. These are illustrated in Figures X1-5 and X}-11.

UCC 002848

-

a—— m—




[
(
I’

(

a—

CHAPTER XI

APPLICATOR TRAINING
um(mE STANDARD PAGE 245
CARBIDE Ji® "
, pec no TS APRIL 1970

INSULATION SUPPORTS AND SECUREMENTS

Strap

/"”’-__’i — Head Insulation
S L

N\
R
Insulation :;MStmp Attached to
s Support Ring

Support Ring 5

’;}I———-Side Wall Insulation
Insulation ‘ o
Shown in f;
Section ]
p
§
S— Y -

- Vessel

! : o
! ' l Strap on 9" Centers
] | :/’ ;
| T T
al _,_f
|
1

|
J

Strap which is fastened to
> 777 bottom support ring.

Tl

APPLICATION OF STRAP
TO SECURE VESSEL INSULATION

Figure X}-8 |
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| | />{ : Vessel Nozzle
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Strap

B

n )} > —

/ Insulation

A
Strap Fastened to Cable

USE_OF TWISTED WIRE CABLE FOR FASTENING OF STRAP

Figure X]-9
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~—Horizontal lap joints Vertical lap joints Strop
fanel focing
c > 7 r y Screw
Py / / 'I 3
\ \‘ Strop Support Detail
X Strops
s
Ponels
\>'*'_
Expomsi .
Q _P1——Expomion springs
v Line up edges and ends of ponels Yo fol}
~~ B An on center lines of nozzles wherever
i f:F - £ possible
- e 4
\+ If bose hos slops, cut boltom course
of poneis to fit siops,
Arrongement of Intulation Ponels with Strop Securement Method
Waeided st
4‘ ‘4ﬂ
. Batten sirip - Strop
h * 4N J AN /M._._.__‘ __:V___
S arT g~ ——— & e iy
N T !
bl =2 7 %" , £
~oN {Circumferential dimension of metal facing) 1 ¢ 1 o
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>
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5 J s g
3 £ 1 N—Mastic seal Bose Z Section A-A
$
Application of Fibrous Glass - Aluminum Foced Panels to Vessel Woll

Figure X{-10
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SECUREMENTS - Contd

Equipment Insulation Securement - Contd

Clips pressed on pins which extend through the insulation are another securement. These
are used on large flat or curved surfaces. Typical installation of the use of clips to secure
insulation is shown in Figure XI-5 and Figure XI-12,

Pipe Insulation Securement

Wire is used for securement of inner layers of pipe insulation (with exception of low temperature
cellular gloss installations), and outer layers up to and including 12-inch OD. Wire is olso used
to secure pipe insulation above 12-inch OD where the weather-barrier is specified to be metal
jocket. Wire shall be applied at proper intervals, looped around the circumference of the in-
sulation, then drawn taut and ends twisted together. Twisted ends should be pressed into in-
sulation to prevent projection. Pipe insulation above 12-inch OD shall be secured with stain-

less steel strop.

Cellular glass low temperature pipe installations up 1o 4-1/2 inches in outside diameter are secured
in position with glass fiber strapping tape. Above this diameter, inner layers should be secured
with wire and outer layers are secured with stainless steel strap.

Stainless steel strap should be applied to pipe insulation at proper intervals, looped around the
circumference and be stretched to correct tightness with banding machine. Joint shall be held
together by double-pronged clip. Clips should be focated on the vertical side of horizontal
pipe insulation,

Spacing of insulation strap and/or wire shall be based on lengths of insulation biock or section
for equipment or pipe. Where 36-inch lengths are applied in staggered arrangement, four loops
will be required at approximately 9-inch intervals so that no [cop is more than 4-1/2 inches from
any end joint. Where 24-inch lengths are applied in staggered arrangement, three loops per
length will be required. Where 18-inch lengths are applied in staggered arrangement, two loops
will be required. Spacing of wire and strap is shown in Figures X1~13 and X1-14,
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Fill channel leg with insulotion

Run circumferential
strops between leg
ST and vessel woll
AN 3 A
! Ly . —Wire lacing over leg ofr Thicknes *T"
i ! Iinsulation secured to 7 spacified
4 <F T 3 circumferential straps
D<iq 7
S, B pRtl ——
Il
] u
\J Weather barrier secl
Elevation Tonk log Heavy fillet of mastic

Application of Bonded Expanded Silica Insvlation to Equipment Leg

Figure X - 11

Waelding pin fosteners (Sect. VII.A.22)
/4 pins par block minimum

F11l clip depression with mastic (calking)
/Flud\ with face of block

Preform bonded exponded sillco inslation

£/ o 7
w LT
Lo ve e /

s
———Dynel reinforced
. ﬂ:&h, as spe:iﬁodm’k

Application of Preformed Bonded Expanded Silica insulation ro Sphere Body

r—® e el el padl e g aen e el Baed . M R Bem N A R wey

L

Figure X1 - 12
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NOTE:
Longitudinal joints moy be
placed on horizontal center

Yines if convenient for the
installation.

d joints lopped opproximately § the
length of a standard section of pipe inmulotion

Wice or strap, as specified

Lacation of Fasteners

Figure XI-13

All end joints in outer ond intermediate —'
fayers of inwlation shall be lapped 3
a minimum of 3-in. over end {oints below.

End joints of inner layer lopped

approximately ¥ the fength of o

standord section of pipe inwlation
All fongitudinal joints in outer ond
intermediate loyers of insulation sholl
be lapped a minimum of 2-inches
over longitudinal joints below.

NOTE:

Longitudinal joints in the
inner loyer may be ploced
on horizontal center lines
if convenient for the insral-
lation,

Strop or wire, as specified
Outer layer of pipe inssdotion

Inner loyer secured with wire, as specified .

Inner layer of pipe insulation

Location of Fasteners

Securement of Multiple Loyer Insulotion to Pipe

Figure X}-14

UCC 002854




[
[
|
|
|
l
l
l
|
|
|
|
|
|
l
l
1
{

.

CHAPTER XII
APPLICATOR TRAINING

T STANDARD PAGE 251
CARBIDE QT Iy .Y ¥, -] APRIL 1970

GENERAL PREPARATION OF INSULATION SYSTEMS
AND
APPLICATION OF HEAT TRACER SYSTEMS

There are a number of things which must be done in preparation for the actual opplication of
insulation. These are listed in order to assist the insulator in the organization of his work.

GENERAL PREPARATION OF INSULATION SYSTEMS

Materials

From the insulotion list, drawings, and specifications, it should be determined what materials
are required. Based on this requirement, it should be determined if the correct quantities,
sizes and thickness of insulation are at the job site and that the insulation is in good condition.
Broken or wet material should be rejected and replaced. [t should be further determined that
fobricated valve, fitting and/or flange covers are of the right material, correct size and
thickness and in good condition.

Of utmost importance is to check to find out if all accessories supplied are os specified and
of proper quantity to do the job. Lack of a single accessory can delay the application just
as much as the lack of the primory insulation material. A listing of these accessories which
might be required is as follows:

1. Wire

2. Strap

3. Strap springs or expansion bands

4. Clips

5. Tape

6. Wire Netting

7. Expansion joint sleeve metal

8. Welding pins and clips

?. Cushion blanket

10. Sheet metal screws

11. Adhesive
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GENERAL PREPARATION OF INSULATION SYSTEMS
AND
APPLICATION OF HEAT TRACER SYSTEMS

GENERAL PREPARATION OF INSULATION SYSTEMS - Contd

Materials - Contd

12. Sealers

13. Caulking compounds

14. Anti-abrasive céofings

15. Insulating cements

16. Heat transfer cement

17. Flashing

18. Jacketing -/mgtal or plastic

e

19. W/eothébarrier plastics

-~

-
20. Vaopor-barrier

21, Fabric reinforcing for mastics

It is well to inspect such items as weather-borrier mastics, sealers, and adhesives to make
sure that their consistency, and other application choracteristics are suitable. Likewise,

it is well to check insulation cements or other materials mixed with water to determine that
they have been kept dry and are in good condition.

Scaffolding

Although scaffolding is erected by others, the insulator should inspect the scaffolding in
reference to his needs for safe and efficient working conditions. If there are areas which

need scaffolding for application, he should request that scaffolding be erected.

Surface Preparation

The insulator should determine if surface to be insulated should be painted, or otherwise
treated prior to the application of the insulation. When surface painting is required, the
paint must be completely dry before insulation is instalfed.
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GENERAL PREPARATION OF INSULATION SYSTEMS
AND
APPLICATION OF HEAT TRACER SYSTEMS

GENERAL PREPARATION OF INSULATION SYSTEMS - Contd

Surface Preporation = Contd

Any dirt, oil, or other contamination must be removed from surface before insulation is
applied.

Masking for Spray Applications

Where insulation or coatings are opplied by spray, it is necessary to protect the surfaces
that are not to be insulated. Prior to the spray application, flanges, manholes and all other
surfaces not to be insulated shall be wrapped with suitable coverings secured in position with
wire or tape. These coverings shall be removed ofter application.

Instruments and all other areas which are to be kept free of insulation should be protected
with suitable covering. All equipment and piping within 25 feet of sproy application must
be covered or screened against overspray, rebound and drift.

Supports

With the exception of insulation which depends completely on adhesion for its support, all
insulation in vertical vessels, large horizontal vessels, and long vertical lines requires
supporfs. 4

The insulator should ossure himself that proper insulation supports have been provided for his
application of insulation. These have been discussed in Chapter XI; however, to summarize

the support requirements, the following listing is presented:

1. Rigid insulation on vertical equipment exceeding 1'-5" OD by 10'-0" high shall have
supports in accordance with Engineering Standard EQ-64 or EQ-68.

2. Rigid insulation or dished heads of vertical vessel shall have supports in accordance
with Engineering Stondard EQ-64 or EQ-68.

3. Rigid insulation installed on horizontal vessels shall be supported in accordance with
Engineering Standard EQ-69. ‘

4. Ri.gfd insulation installed on dished heads inside of skirts shall be supported in accordance
with Engineering Standard EQ-64 or EQ-70.
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GENERAL PREPARATION OF INSULATION SYST'EMS
AND
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GENERAL PREPARATION OF INSULATION SYSTEMS - Contd

Supports ~ Contd

5. Rigid insulation installed on bottom head of large high temperature vessels shall be
supported by rectangular pins spaced os shown in Engineering Standard EQ-6/.

6. Where sprayed asbestos insulation requires support, it shali be supported by straight
pins and clips or split pins. These are shown on Figures XI-5 and XI-6, Chapter XI.

7. Rigid insulation installed on high temperature spheres shall be supported by straight pins
and clips.

8. Rigid insulation installed on low temperature spheres shall be supported in accordance
with Engineering Standard EQ-66.

In most instances, supports are not installed by the insulators. The supports are the base

from which insulation starts. {f this base is not correct, the insulation application is not
correct and the probability is that a failure will occur. Thus, it is essential that the insulator
knows what supports are required and insists that these be provided so that he can install

o good insulation system.

Types of Tracing System

Traci ng systems are systems using pipe, tubes, coils, or electric coble attached to the outside
of equipment or pipe to heat or cool that equipment or pipe. These can be installed in several
ways, and may employ various mediums to supply refrigeration or heat.

Cooling medium to reduce temperature of coils, pipe or tubes may be brine or other refrigerant.

Heating medium to raise temperature may be steam, hot vapor, hot liquid or electricity. In
the case of where steam, vapor or liquids are used as the heating medium, the tracers used
may be plate coils, tubes or pipes. Where electricity is used as the heating medium, the
tracers are electric cables or electric strip attached to the equipment or pipe. Installation
:}:’ thes:d various tracers to the equipment, or pipe, is by various methods depending upon

e need.
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GENERAL PREPARATION OF INSULATION SYSTEMS
AND
APPLICATION OF HEAT TRACER SYSTEMS

GENERAL PREPARATION OF INSULATION SYSTEMS - Contd

Air Convection Tracer System - Piping

Tracers may be installed as a single or multiple system, however, multiple tracer air
convection systems cannot be economically justified as a single system connected by heat
transfer cement is less expensive to install. Thus, air convection systems are limited to

one single parallel tracer,

The cir convection system functions by heating the air in the annulus space between the pipe
and the inside of the insulation. This system is sufficiently effective to be used where it is
only necessary to maintain the pipe temperature at a considerable lower temperature than
the steam.

There are two methods of installing air convection traced systems. One is to wire the tracer
tubing to the pipe and the other is to hold the tracer from the process pipe with spacers

then secure in position with straps directly over the tubing at the spacers. These two systems
are shown in Figure Xil-1.

The use of spacers are necessary when the tracer line is at a temperature which might cause
degradation of the process material and direct contact to the process line might cause excessive
spot temperatures. Another instance when the spacers are required are when tracers are applied
to aluminum lines. When aluminum pipe it to be traced, the piping must be separated from the
tracer assembly by not less than two wrappings of glass cloth tape applied to the line. Care must
also be taken that the tracer line does not contact the aluminum process line at any point. Where
a tracer may touch the aluminum line between supports, the line must be wrapped with glass to
prevent this contact. Manner of installing steam tracers is shown in Standard P-140. Recommended
numbers of feet of tubing for tracing valve bodies is shown in Table XII-1. :

HEAT TRANSFER CEMENTED TRACER SYSTEMS - PIPING

Surface Preparation

Where tracers are thermally connected to pipe with hect transfer cement, proper surface
preparation of the surfaces, to which the tracer system is to be applied, is of utmost importance.
The proper functioning of the systems depends completely upon the obtaining of a thermal and

a mechanical bond between the surface and the heat transfer cement. For this reason the
surface treatments of the metal surfaces as listed below must be followed with extreme care:

Carbon Steel Pipe operating at temperature above 150 F shall be cleaned of all scale,
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UCC 002860



CHAPTER X
APPLICATOR TRAINING

TMLLIR STANDARD
CARBIDE ROt PAGE 257
APRIL 1970
STEAM TRACING SYSTEM DETAILS AND MATERIALS
 Stonm foedline Troces Flow m
irip) Stoam Trcer .
- , ‘ {hisdng) - :q Steom feed .
din. 5a Stonm trocer
< Tmcw {nabing) Strap, clemp, or wiee
Flow ——e P ! tpocat ot 1"8 wam. :
- _—:—S : Teocew Fiow — /
T
din. CKomi § In, GA - 34 4 .
5 {net required If condersete et L CKi-d $in. GA
_":"":; ;' e drina 10 opan Ind o7 grownd) EJ A i .\L”:h":::n"):::‘n:ﬂ)

Provide wrelnee andy - ,.-(\703

whan spacifled on Condecante
Sumn trocing drow Hoader

ELEVATION OF TYPICAL STRAIGHT SUN

Tracor How T e Vasticel braneh in
7 herizanto! iina

4*"‘-5‘ bo— Stvep, clowp, or wire
Ei spoced of 1°<6 max,

Stume tead ~
HHas {pipe)

|

‘\WCM h.nauj 5
e e §in. CX ond § In. CA

{rot renulred I condente
“eolm o spen nb o grount)

SUIVATION OF VERTICAL BRANCH IN HORIZONTAL LiNE

Use Table |
bur dimansions

P {pipe) ] oy

Provide wroines only
when specified on -
Hosm temc ing drowing “To

HEVAIION OF POCKET IN VERTICAL RUN

,.—_.——hﬂ;w
=

1/3-ls. OA;

;

Steam
foed iine (pipa}

Serop, clamp, o wire
paced ot U'=6 max,

1 Tocer {Tow

)|

’
t S il it

to one am enly,

=

5

J @ Spacer

7, Spoced Comartad

Trocer Tracer

SICTION 88

MAN OF NORIZONTAL IRANCH {N HORIZONTAL RUN

—

-

8.0

Comenved
Trocer Tracer
SECTION A-a

Bend ITocer tubing o reauired
15 ¢lecw honger (ail bands on
horizondal plone)

=¥
YL A

RAN

Srap, tlamp, or wire
spoced ot 16 mon.—

NN

v A A

| o

(all bondds on
hori i plene)

Use Toble )

Use Tabla | Use Toble 1t
fon dimareiom for dimamions far dimorsions
Steam Trocer Wired Mastic Comantad trouiatad From
Oirecily to Pige Wired to Fipe Pipe by Spmeens
NOTE: JUMOMS ATIACHED 1O MROCESS PP
Sofor o 5id P-140A
tor Tables ), 11 and §91. DETARS OF STEAM T ER ATVAC N

Strop, ciomep, or wire
poced of 16 mox

N [

RAN

A firings {unions, Jem, ett) In trecom
shall be breught owttide of raguier imevie—
then ond imulated ax shown (sxcept whea
eaflective imudution is vaed),

—

v/

Use Toble 11}
fov dimmrriors Stesm trocer Nubing
Emulsion C (ol bends on HAN
borizontal plene)

Wirdto Fipe o

Unin comoining tines mith high freazing points sholl be sermed Special %W.
These linss thould be grven'special butruction by the Procets sngsneer Tor N
Detwils tor this Control should bs thown on the waam trecae dusign drewings.

Unbem otherwies indi

d, olt di lone given in nchen,

PAGK |

ENGINEERING STANDARD P-140

UCC 002861




UNION -
CARBIDE

STANDARD

OEMCALS AND MLASTICS

CHAPTER XII

APPLICATOR TRAINING
PAGE 258 :

APRIL 1970

Round off all shorp corners

7/8
1-172
9/16

o
o s === § % \
———————— =
ZForm from galvonized
SPACER steel sheet or sirip

NOTE:

Size of tracer (3/8-in. OD or 5/8-in. OD), materisl of

tracer (copper, stainless steel, or alumimum), and type

of tracing system (spaced or cemeniad) shall he as spec-

ified on the steam tracing drawings. Nominal size,
thickness, and apecification of insulation for traced

line shall be as specified in the insulation schedule.

Insulation for steam supply and condensate lines that

do not have line numbers shall be as specified on the

steam tracing drawings.

All steam tracing is shown disgrammatically on steam
tracing drawings with symbols baving the following
meanings:

TN N NN Bleam Tracer
Staam Feed

tsttie Y e X =)= Steam Condensate
Conpector {or coupling) 1/2-1n_ IPS to OD Tube

Union Tee for OD Tube

All gluminum tubing tracers shall be insulated from

P ts of other terials by inserting a
3 steel ctor at all points where the alumi-
num tubing cts to comp ts of othar materials.

Shop-fabricated piping that Iz to be steam traced shall
be supported as shown or specified on the piping draw-
ings. Field-fsbricatedpipingibat istc be steam traced,
and for which supports are not detailed on the piping

, shall be supported in accordance with Stand-
ards P-77 or P-81, or as otherwise necessitated by job
oonditions. Lines leas than3/4-in. OD may be supported
by cradles as shownon Standard P-82, Except for linea
less than 3/4-in. OD, methods of support that would
impobe & load on the insulatinp or tracer shall not be
used,

bt

Stesm tracer tubing shall extend beyond pipe tnsulation
only far encugh to maks feed and condensate line con-
nections, Fittings shall be nsed only at beginning and
end of tracer,, at brancbes, and st ends of standard
lengths of tubing, Changss in direction shall be madse
by bending ths tubing. Tracer tubing shall be inatalied
paratielto, and along the top of the line being traced,

REFERENCES:

Steam Tracing System —
Insulation Sires aod Asaembly

Dimeunsicss . . . . ... .. .+ . Std P-140A
Spaced TracerData . . . . . . . .. Std P-141
Cemented Tracer Data . . . . . . . . S§td P-142

*Dd not use alumisum tubing st direction changes of 80
degrees or more. Where such changes occurat intervals
of 20 feet or leas, use staluiess steel throughout. For
intervaly greater than 20 feat, maka the direction change
with stainless steel tubing, and use a stainless steel tub-
ing union with analuminum sleeve st each joint, installed

in 60-ft coils (3/8~1a, OD x ,030-in.
thk, or 5/8-m. OD x .040-in, thk)

Steam Trap 80 that aluminum connects to atuminum.
MATERIALS FOR STEAM TRACING SYSTEMS
ITEM COPPER STAINLESS STEEL ALUMINUM®
Tracer Tubing ASTM B86 Type L annealed copper tube |[ASTM AZ63 TP304 Stainless Steel tube | 5050-0 Aluminim Alloy, Alcoa *Utili-

for use in steam service. Flaring Test

8) is required and good bending
properties are necessary. (3/8-in. or
5/B-tn. OD x .035-in, thk)

tube", or approved equal. (3/8-in. OD
X .035-in. thk of 5§/8-in. OD x .045-in
thix)

Fittinga for Tracer
{Connectors, Unions,

Brass, Ferrule-type with cutting edge.
{Imperial Hi-Seal", Crawiord "Swage-

AISI Type 3165 Btainless Steel, Ferrule-
type with cutting wdge. (Imperial

Fertule-type with cutting sdge
{(Imperial "Hi-Seal”", Crawford "Swage-

Tees, ete) Jok", or approved equal.) "Hi-Seal”, Crawford "Swagelak", lok", Parker "Ferrulok”, or approved
Parker "Ferrulok”, or spproved equal) | equal). Connectors (IPS to OD) shall
be AIST Type 316 stainjoss sieel, all
other fittings shall be aluminum alloy.
Spacers Per this Standard Per thin Standard Per this Standard
Strapa 1/2-1n. wide x ,020-In. thk scft anneslsd stainless steel (any 18-8 type) straps 1/2-1n, wide x .034-in. thk aluminum
with double pronged clipe. alloy atrape with double pronged clips.
stainless stoel (any 18-8 type) wire,
Stenm Traps Size, i er and del ber as specified on steam traciag drawings.

Steam Supply Header
and Feed Lines, and
Steam Condensate Lines|

Vaive and Piping Specification ag called for on steam tracing drawings.

Heat Transfer Cement

Thermes Manufacturing Company, Houston, Texas, or approved equal.
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l COVERAGE __FOR ___ VALVES
[ FEET OF TUBING REQUIRED
VALVE SIZE : TUBING SIZE
[ ¥ 2 % 3/4’
! '/2” 2 ~——3 }—2
2" 3—5 | 23
3”7 4 ——7 |3—ak
a” 6-—10 | 5—7 }ap—5hl3p—al
6~ 9— 15 | 7—11 | 5—9 {94 — 8
8" R2—20 | 9—1is |} 72 | 6— 10
floked I5—25 |10—20 | 8—14 | 72— 2
L 2 8~30 | IS5—25 j12—20 | 8—13
47 21— 35 | 16— 28 | 12— 20
6" — 24—4q0 j20—32 |16 —25
} 18”7 —_— | 27—45 | 29— 35 | 20— 30
20”7 —— 130 —50 | 25—40 { 20-35
- 24” — [36—60 | 30—50 | 25—~40
30” —_— 45— 75 | 40—~ 6O | 35— 50
L 36” e | 54— 90 | 45— 70 | 40 — GO
1
B Table Xi1-=1
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GENERAL PREPARATION OF INSULATION SYSTEMS
- AND
APPLICATION OF HEAT TRACER SYSTEMS

HEAT TRANSFER CEMENTED TRACER SYSTEMS - PIPING - Contd

Surface Preporotion -~ Contd

rust, dirt, or oil. These should be removed by wire brushing and suitabie solvents.
All mill varnish or protective organic coating shall be removed with suitable varnish

strippers,

Carbon Steel pipe operating at temperoture below 150F must be sondblasted and coated

with inorganic silica zinc coating in accordance with UCC Coating Specification. Exception
is where existing pipe which has been previously painted, the area to which tracer is

to be installed should be with varnish strippers. After tracing and cement is installed

paint shall be touched up.

Stainless Steel pipe at all operating temperatures shall be cleaned of all dirt and oil.
Backs of flanges and six inches on either side of welds shall be coated with silicone
graphite coating in accordance with UCC Coating Specification. Due to process or
atmospﬁricﬁndiﬁons it is sometimes necessary to protect the entire line with the
coating. Such shall be done where specifically specified.
e .
Aluminum piping should be cleaned of oil, dirt ond grease. When water mix heat
transfer cement is to be used, the surface in contact with the cement must be coated
with an aluminum primer (ALP). Resin heat transfer cement requires no primer.

The surfaces of galvanized steel pipe, copper pipe and tubing must be cleaned of
dirt, grease, oil and other contaminates,

Installation of Tracers

The general installation of the tracer tubing is done by pipe fitters and the electric tracers
by electricians. The final securement and thermal bonding is to be done by the insulators.

Types of Heat Transfer Cement

Heat transfer cements are a family of products designed to conduct heat from a source to a
point of use. Each particular heat transfer cement is designed for a particular set of conditions.
Some of the conditions affecting the selection are (1) Source temperature, (2) heat source
{ne.dium, (3) type of tracer, (4) metal or surface coating on tracer and process pipe to which

it is attached, (5) atmospheric or process contamination, (6) application temperature,

(7) required physical characteristics, (8) curing requirements, (9) differential expansion and
elongation requirements, (10) method of application, (11) overall heat transfer characteristics.

UCC 002864
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GENERAL PREPARATION OF INSULATION SYSTEMS
AND
APPLICATION OF HEAT TRACER SYSTEMS

HEAT TRANSFER CEMENTED TRACER SYSTEMS - PIPING - Contd

Types of Heat Transfer Cement - Contd

As the material is selected to fulfill these requirements, caore must be taken that the heat
cement specified is the one used.

Of this family of heat transfer cements, basically, there is the water mixed types and the
resin types.

These types of heat transfer cements and their basic properties and limitations are shown
in Figure XlI-2. Because of the differences in the cements and installation requirements,
several systems of application are required.

Two systems are used for the installation of water mixed heat transfer cements. One is

by trowelling into position, completely covering the tracer and bonding it to the pipe.
With this system care must be taken to press the cement tightly between the tracing tubing
(or electrical tracer) and the process pipe. The cement must cover the tracer by 1/4",
This 1/4" coverage is required to ensure that the mechanical strength is sufficient to
withstond the force exerted by the expansion of the tracer tubing. Base of the cements

in contact with the process pipe must be o minimum of three times the outside diameter

of the tracer. This configuration is shown as Section 1 in Figure X[I-2. The lineal feet
per gallon, per tracer is given in Table X11-2.

The other system is to install the water-mix heot tronsfer cements with metal channels.
These channels may be factory filled or they may have to be filled by trowel of the time
of installation. The filled channels are pressed over the tracer and secured in place by
straps. This installation is shown in Figure X11-3. Application arrangement of multiple
systems ore shown in Figure X1I-4, Lineal feet coverage of water mix cement is shown in
Table X11-2. This system should be used where pipe cannot be properly cleaned.

Both systems can be used for either steam or eleciric tracing however, it is advisable to
use the metal channel system for all electricol traced systems and critical steam troced
systems which are bonded to the process pipe or equipment with water-mix cement.

Like the steam tracing which is instolled by the pipe fitters, the electric tracing system

is installed by the electricians but cement bonding and final securement is done by the
insulators. The installation of electric tracing on pipe and fittings are shown in Figure XII-5.

UCC 002865
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HEAT TRANSFER CEMENTS
APPLICATION
SHELF TNSTALL, | MINTMUM SOLVENTS SERVICE TEMPERATURE F
GENERIC LIFE CROSS AMBIENT FOR CURED {Continvous_| Intermittent
TYPE NO. STORAGE SECTION TEMP F HAZARDS | CLRING CLEAN UP { MATERIAL [ MIN. [MAX, [MIN.JMAX.
Alkaline o
Emuision Store Sec. 4 Keep Away| Heot 160 to | Soop ond Hard
Mastic “Std® | 1 Yr Above 32F or Channel | 33F From Eyes | 212 4 Hours { Weter Solid 32} 400 |-320| 750
Alkaline
Emulsion Store Sec. } Keep Away | Heat 160 to | Soop ond Hard
Mastic T-63 | 1 Yr Above 32F or Channel 33F From Eyss { 212 4 Hours | Water Solid 3211250 | ~320 | 1250
70F or
Refrig. With Sticky None MEK
Solvent 60 to Below Haoted Wsor Protect Tolvene Elastic
Resin T-85 | 90 Doys | 40F Sec. 2 Gun Gloves From Rain Turpentine Solid =200f 3751 -200| 75
Refrig. Sticky None MEK
Solvent &0 to Below Weor Protect Toluene Elestie
Resin T-80 | 90 Doys | 40F Sec. 2 40F Gloves From Raein Turpentine Solid -200) 325( -200| 325
Toxic to 2-Part Mix Trichloro-
Skin Working ethane
Two—Component Weor Time /410 | Toluens Elastic
Resin T-802§ 1 Yr Ordinary Sec, 2 3¥F Gloves: 2 Hrs MEK Solid 275 75
Sticky MEK
Wear None Tol R
Resin -5 |1Yr Ordinary Sec. 3 3F Gloves Req'd. Toluene Plastic -2001 180} -200{ 180
* No curing procedure required when instotied by chonnel system
Tracer
Heat Trans. Cement
¢ R oD Process Piping
\ 30 \\{ Process Piping
Process Piping
SECTION | CHANNEL SYSTEM SECTION 2
Plote Coil
oo CHANNEL
Heat Trons. TRACER DIMEN
Cement []/'6" to 1/8* SIZE a :'ON
3 sop | 7/8 [1-3/16
-F /20D _|_7/8_|i-3/ié
Vessol 5/800 | 7/8 [i-5/16
3/4 OD i-1/411-11/16
SECTION 3 7/8 OD 1-1/413=11/16

FIGURE X1-2

UCC 002866
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GENERAL PREPARATION OF INSULATION SYSTEMS

APPLICATION OF HEAT TRACER SYSTEMS

AND

PER SINGLE PARALLEL TRACER
WATER-MIXED HEAT TRANSFER CEMENT

TRACER SIZE
1/4 OD
3/16 OD
3/8 OD

1/2 OD

5/8 OD

3/8 OD
1/2 OD
5/8 OD

3/4 OD

CEMENT COVERAGE

TROWELLED ON

PROCESS LINE SIZE

1/2" through Flat

1/2" through Flat

1/2" through 1-1/4"
-1-1/2" through Flat
1/2" through 1-1/4"
1-1/2" through Flat
1/2* through 1-1/4"
1-1/2" through Flet

IN METAL CHANNELS

1/2" through 2"
2-1/2" through Flat
1-1/2" through 2"
2-1/2" through Flat
1-1/2" through 2"
2<1/2" through 2-1/2"
4" through Flat

TABLE Xil-2

UCC 002867

FEET OF TRACER PER GALLON

50
49
45
48
30
33
23
28

37 to 4)
34 to 37
43 to 47
40 to 43
44 to 48
39 to 32
28 to 30
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l

CHANNEL SYSTEM FOR
INSTALLING HEAT TRANSFER CEMENT

Figure X])|-3
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GENERAL PREPARATION OF INSULATION SYSTEMS

AND
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DOUBLE TRACER

SPACING OF MULTIPLE TRACERS
ON STRAIGHT PIPE

FIGURE XIl-4
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AND .
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HEAT TRANSFER CEMENTED TRACER SYSTEMS - PIPING - Contd

Types of Heat Transfer Cement - Contd

Close attention to application of heat conductive cement to the electric and steam tracers

on fittings and valves is of utmost importance. Electric traced elbows must have sufficient

tracer length so that the equivalent length of traces to surface area is the same as the pipe.

On elbows in vertical lines electric tracer must be installed as shown in top left illustration
Flgure '?(II-S. In similar manner, additional tracing length must be instalied on flanges as
wn in Figure X11-4.

Should parts of electric tracers not be thermally connected with heat transfer cement these

spots cannot transfer the heat generated to the process pipe. In turn this will cause a tempera-

ture rise at that spot with the possibility that the temperature may exceed the limits of the

cable and will result in a burn-out.

Because of their large outside area as compared to pipe valves also require additional tracer
length and very careful instailation of the heat transfer cement. This additional length of
electric tracing required is shown in Figure X|[-5. The amount of heat transfer cement used
to cement traces to the valve body is greater than would be used for equivalent lengths of
pipe. The amount of water-mix type heat transfer cement required per valve is given in

the Table XII-3.

In summary, insulation specification can only point out the intent. Specifications cannot
describe in detail such as was done in this manual. The insulation craftsmen must know
and be able to perform the detail installation. To illustrate this fact the manner in which
the application of water-mix cement is specified is illustrated in Figure X!1-7 and the resin
type in Figure X11-8. It is evident from the preceding that it is impractical to attempt to
cover all installation details in an "Insulation” Specifications.

HEAT TRANSFER CEMENTED TRACER SYSTEMS - EQUIPMENT

Surface Preparation

The surface preporation for vessels and equnpmenl' which are to have heat cemented tracer
systems shall be the same as listed for piping with one exception. This exception is that
stainless steel vessels shall be entirely coated with specified protective coating.

UCC 002870
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AND
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T roa ek

MI ELECTRIC HEATER ON VERTICAL MI ELECTRIC HEATER ON VERTICAL
PIPE RUN OF 3" NOM. SIZE AND LARGER PIPE RUN OF LESS THAN 3" NOM, SIZE

gl - o T s s

—tr

Y 34

—18" Max.——+—18" RN
MI ELECTRIC HEATRR ON 72
PIPE RUN WITH 90° ELBOW 4 R

i i

ya \\‘\\ Form o loop and wrop :/

Vi % Ml cable around as /i &

5 %, shown i
/f 3 if
/ Y 4

Placs bands;; “ Place bandsj[."

i oselowsto i

flange os i

possible —i;

MI ELECTRIC HEATER MI ELECTRIC HEATER APPLIED MI ELECTRIC HEATER
APPLIED TO CHEZX VALVE TO GLOBE OR GATE VALVE APPLIED TO ROTAMETE

MI ELECTRIC HEATER INSTALLATION DETAILS

Figure Xi1-5
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Place bands as close
tn flange as possible

e
1

i
R

-

BN

MI ELECTRIC HEATER ON PIPE FLANGE LARGER THAN 2*

DousLe wp
4P £

APPLICATION OF HEAT TRANSFER
CEMENT TO PIPE FLANGE ELECTRIC HEATER

FIGURE Xli-6
UCC 002872
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CEMENT COVERAGE
FOR BODY OF VALVE

TABLE X11-3

UCC 002873

GALLONS OF
WATER-MIX HEAT
TRANSFER CEMENT
PER VALVE
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8838888888353 35¢8
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Tracer
Heot tronsfer coment

]
Process ™ .

Smoll Process Line

d 1/4* min
Heot tromfer
coment
Strop Tracer
3" min |

—1/4" min

Large Process Line

~Straight Pipe

Strop

Trocer-

Curved Piping or Equipment

——— Heot transfer
cement

Close Wrapped Trocing

Application Of Water-Mix Heat Transfer Cements To Pipe

Figure Xi1-7

\_{ Process line

$mall Process Line

Application OFf Resin Type Heat Transfer Cements To Pipe

Hect tronsfer cement

d Trace!
— \‘1'/.\

Equipment or

Close Wropped Traces

NOTE;

Surface to which heot transfer cemant
is applied shall be stripped of paint
ond cleaned prior to opplication of
cemens,

Large Process Line

Figure XII-8

UCC 002874

-I-nq—q-—,



PR e EEW IR, NSER BN B SR AMMe s

»

(=% e . e e e e

- -~

CHAPTER X1}
APPLICATOR TRAINING

T STANDARD ' PAGE 271
ARBIDE R
¢ o pasna APRIL 1970

GENERAL PREPARATION OF INSULATION SYSTEMS
AND
APPLICATION OF HEAT TRACER SYSTEMS

HEAT TRANSFER CEMENTED TRACER SYSTEMS - EQUIPMENT - Contd

Installation of Tracers

Tracers should always be installed in hair-pin fashion rather than completely encircle the
vessel. Reason for this is that when tracers are in a complete circle the expansion causes
the diameter of the circle to become larger. This enlargement of the circle cannot be
restrained by the bond and tensile strength of the heat transfer cement. When installed in
parallel hair-pin fashion the extensibility of the cement is sufficient to allow linear move-
ment without loss of bond. Proper installation is illustrated in Figure X11-9.

Application of Heat Transfer Cement

The application of both the water-mix and resin type cements in vessels and equipment
shall be the same as given for piping.

Plate Coils

Plate coils ore made for the heating and cooling of vessels. These also should be thermally
attached by heat transfer cement. The surface preparation at the area of installation of
plate coils should be identical with those already listed.

Because of the area involved water-mix cements are not satisfactory for the application
of plate coils. Moisture towards the center would be difficult to remove even ofter long
periods of airing. For this reason a special heat transfer cement is used for the bond of
plate coils to vessels. This is a resin type, nomed T-5,

Plate coils con be obtained with heat transfer cement already applied. In such installations
clean properly treated surfaces to which the coil is securely attached by bands, straps,
bolts or studs, is all that is required.

Where plate must be coated with the heat transfer cement its surface must be cleaned and
coated as previously described. The heat transfer cement should be 1/16" to 1/8" thickness
between the two surfaces, with no voids. Installation of plate coil fo vessel is shown in
Figure XI[1-10.

UCC 002875
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FROM STEAM KEADEN

FROM STEAM NEASER  METAL BANDS
}‘ z 0 p— 7
7z A
£

P/ a y AN o
(f 7 7= / A
i I STRAP 1RON N
C s
——— - ._J .— — — - Z
— 4
R.Y

T0 TRAPS &
CONDENSATE

NEADER 10 YRAPS & CONBENSATE NEagIR

FIGURE 5 — Tuking layeut for a herl-
sontel vessel.

FROM STEAM HEADER

AN

Tubing layeut for vertical
vesasl with w Ligh hest lowd ond

rethor long individuel treting runs.
T¢ TRAPS & COMUENSATE NEADER

Hear transfer cement

Trace

J/’ "/\'19 Close Wrupped Tracing.

CEMENTING DETAIL
Figure XII-9
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AND
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\//F Vessel
Plate Coil

(i — ' —(A)
Securement Bands
or Strap

Vessel Wall

Heat Tronsfer Cement

Plate Coil
SECTION AA
INSTALLATION OF PLATE COIL
TO VESSEL
Figure XiI-10
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APPLICATION = RIGID INSULATION
RIGH TEMPERATURE SER

GENERAL
Application procedure of insulation for hot service depends upon the type of insulation. Soft

flexible materials are installed in o different manner than rigid materials. For this reason it
is necessory to discuss the installation as it applies to each particular type of insulation.

EQUIPMENT

Supports

This type of insulation is supported by rings attached to the vessels. The only exception is
where rigid insulation is installed on spheres it is secured by pins ond speed clips.

Surface Preparation

Surfaces to be insulated should be properly cleaned. Painting of carbon steel vessels under the
insulation is only required where vessel temperature is less thon 150F or where it might be expected
to be out of operation for relatively long periods of time.

Stainless steel vessels and equipment should be cooted with Thermalox No. 70 in accordance
with UCC Coating Specifications prior to application of the insulation.

The surfaces of vessels or equipment of aluminum, copper, or galvanized steel must be cleaned
of ol dirt, grease, oil and other contomination prior to application of the insulation.

Application of Insulation

The temperature, size, and shape of the equipment also affects the manner of installation,
The service temperature of equipment dictates the amount of dimensional change which will
occur when the vessel is placed in service. Size and shape affects the method of supporting
and securing of insulation so that it remains in position, and intact.

On cylindrical vessels less than 400 F service temperature and less than 8 feet in diameter, rigid
block insulation can be applied directly to the vessel surface. Insulation block should be properly
shaped to curved sectors to fit contour of the vessel. Base onfirst course of block should rest
firmly on support so that all lateral joints run in parallel line with center of the vessel. The

first course shall have alternate half blocks so that end joints are in staggered position. The
blocks shall be secured in position with strap, pulled taut and fastened together with two-pronged
clip. This installation is illustrated in Figures XItI~1 and XIH-2.

Where the cylindrical vessel is greater than 400F service temperature or greater than 8'-0" in

diameter, a 1" thick cushioning blanket must be installed over the entire surface of the vessel
prior to the installation of the rigid block. The rigid block should be formed to be two inches

UCC 002878
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HIGH TEMPERATURE SERVICE

Block Insulotion fitted to heod ond secured
with straps. Provide o coble ring of ywisted
Stainless Stee! wire around top center nazzle,

whaen required, 1o onchor straps,

Finish os specified
Curved Sector

Expansion joint in accordonce Blocks
with Figure 23-HS5-8

_ Veuel
Watl
insulotion Support in occordonce
with UCC 5td EQ=64 or EQ-68, SECTION A-A
Black Insulotion fitted to hecd ond secyred

with strops ohtoched 1o Insulotion Support,
or by wires secured to pins installed in
sceordance with UCC Sid EQ-67.

Figure XHI-1

T T - :
HH H 7——-—— Stalniess Steel insulation strop as specified
insulotion applied with tightly butted joints

&1 Insulation Suppon in accordonce with

LT P [t |7 UCC Std EQ-64 or EQ~66.

r—— r-.—
;'r
ll
|
T
H

' Squors Insulation Blocks

' d . NOTE:

- A flocting ring shall be installed
oround battom nozzie te provide

/:\\ anchoraga for insulation straps.

' Figure Xill-2
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APPLICATION - RIGID INSULATION
HIGH TEMPERATURE SERVICE

EQUIPMENT - Contd

Application of Insulation - Contd

greater in inside diometer than the outside diometer of the vessel shell to allow for the increase
in vessel diameter when it is heated. When vessel is heated and expands, the cushion blanket
is compressed, allowing the outer diameter of the rigid insulation to stay the same. This is
illustrated in Figure XI1I-3.

The vessel also grows in length as it is heated. For this reason, it is necessary to allow for
this change in dimension by providing slip joints in the insulation on vertical vessels. Slip
joints at a vessel flange and insulation supports are shown in Figures Xil!=4 and X{H-5.

When the vessel expands, its chonge in dimensions causes the nozzles and pipe connections,

on the cylindrical sides, to change location in relation to the cylindrical side wall insulation.
If the insulation is secured tightly to the nozzle and to the side wall, a break must occur.

For this reason, it is necessary to allow for this differential change. This is accomplished by

the use of oversize flange covers which will allow movement. These are shown in Figures X[1i-4
XN-7.

e

Flat surfaces such as large ducts which operate at high temperature present a major problem of
support and securement of insulation to prevent expansion caused .opening of joints. No truly
good manner of installation has ever been developed. On these flat surfaces the insulation must
be secured to the surface itself, As this surface expands, the movement is transmitted to the
insulation block and will cause opening of the butt joints. On very high temperatures it is
desirable to use multi-layer broken joint construction to minimize heat leak. On the outer
surface of either single or multiple layer block, wire netting should be installed, over which
1/2 inch thick insulation cement is troweled to a smooth, even surface. The insulation cement
reinforced with wire netting has more elasticity than rigid block; therefore, it has a tendency

to elongate as the metal surface elongates. Such an application is illustrated in Figure X111-8.

Block insulation which terminates at any jocation should be tapered to provide water shed, or,
where it terminates at o fire-proofing or base of equipment, it must be sealed off to prevent the
entry of water. Such terminations are shown in Figures X111-%, X111-10, and X111411,

PIPING

Surface Preparation

Surface preparation of piping shall be identical to insulation except stainless steel pipe shall be
coated only behind flanges and elsewhere as specifically specified.

UCC 002880
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Difference is token
up by compressing
cushion blanket

APPLICATION =RIGID INSULATION
HIGH TEMPE RE SERVICE

Rigid Insulation

Cushion Blanket

Vessel

Qutside diameter
of rigid insulation
remains same

Vessel

Cushion Blanket -
Compressed

Rigid Insulation

USE OF CUSHION BLANKETY

UNDER RIGID INSULATION

Figure XliI-3
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HIGH TEMPERATURE SERVICE

Vessel woil

Stainless steel skewers

Slip joint

Inswlation support,
(see UCC Std EQ-64 or

Finish, os specified
PVA mastic

Stainiess steel ping

2-in. min
T

——4-in. min

—lInsutation strop

(right fit)
L\H T min

Stoinless steel sheet
{0.010=in. thick)

insuiation strap
(snug it}

A

Stainless steel sheet.

£Q-68)
T
*T" min 7‘
¢
Z
V]
Stainless steel sl
p
Inhibited colcivm L4
silicote insulatlon —'/?

(0.010~in. thick)
L Ingulation strop
{tight fit)
PVA mostic

under S5 sheet
N Heovy fillet of mastic

_+.I_._

Applicotion of Slip Joint ot Vessel Flange

Thick

U1 os specified

Figure XIII-4

Weother barrier, os specified

Stainless steel pins

Insulation wpport
{UCC Standard EQ-64 or EQ=-68)

Veuel shell

Fill joint with white gloss wool

insulation strap over ping

Waather borrier seal ta sleove

Stainless steel pim

NOTE:

Slip joint not required at support
directly obove the bortom heod,

Ter (0.010~in. thick x |2-in. wide)
Weother barries seal to sleeve
k“ Insulation strap over pins
H— Thicknaess *T” as specified

Application of Slip Jaint ta Vessel Woll ot Insulotion Supports

/——-Slip joint, stainless steel sleeves

.

Figure Xll1-5
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HIGH TEMPERATURE SERVICE

Stointen steal wire locing
Torrached 10 vessel straps Stoinless steel skewers

4+
tnsulotion strop \

. U N

A A

£ 5;?‘?”)&(‘
= Ll
£ ] /
A

; s
e

Section A~A

NOTE:

Finish not shown.

AL

Application of Block lasulation to Blind Nozzle on Vessel

Figure Xill - 6
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1

Stainleas steel skewers Stainless steel skewers —
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3 / "l

Insuiotion strop r”::i‘, Insulation strap — L‘\&ﬂ

Steip of white glass AT, '!""!.H Insulating comant _ Appron, BT, ¥ :‘;‘::

woal blanket wropped min ‘ngﬂ . min E‘)_ f
around pipe ! ir e Ovenize elbow cover c

AN < | A SN

WH&\"R} @T} i ‘| by

- VAR = 1

o \,.'K;I‘ '; ; ; l - é;— ‘ Approx 1" ’ >

Amtcﬂ 1"

J Strop
Ovenize pipe insulotion
Skewsrs

NOTE:

Finish not shown.

Inwlating cement Strop -/
Strip of white glass Skewers

wool blanket wrapped A
aroung pipe

SIS

ZEELILA

&

=

Nozzle Connected to Straight Pipe Nazzie Connected to Elbow

Application of Block lnwlotion to Line Nozzles on Vessel

Figure XINl -7
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HIGH TEMPERATURE SERVICE

Tie wires

1-in. hex wire netting

}-in. thick hydroulic setting
insulating cement

Finish os specified

Block insulation

Welding pins o3 specified in UCC Std £EQ-67;
other approved securements tocoted on 1 2-in,
centers diamond pottern for bortom surfaces,
18-in. cenlers dinmond pottern for side surfoces,

ond 24-in. centers diomond pottern for top surfece:.

Figure X1{1-8.

Imsuiation support, wheve requirsd
(sew UCC Std £Q-64 or EQ~68)

Round cutside comers

Reinforcing cloth extended 1o vensel
ond bornded while undercoating is

still tacky

Inhibited ealcium silicate insulotion block

Weather barries, os specified

AL \
Vessel wail

—’,—L——Thicknm "T" os specified

Figure X111-9
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APPLICATION - RIGID INSULATION

HIGH TEMPERATURE SERVICE

Fill channel leg with imulotion

"

T

Finish, as m:iﬁdﬂ
g —q
un cle f ia)
strops between leg
F’ i ond vessel woll
’E.- s —Wirs I?clne over log
! J inmilation secured to
TS 3 circumfersntial straps
o<
) :.'::-'_-"._-—f,'., >
i " .
~d._ .. / Waeather barrier seal
lovati
Elovotion Tonk leg

Heovy filler of mastic
Fireproofing

Tongent line

:

<
3
[
-

V-;snl

F—Thickness " T os specified

—Insulation

(UCC Std EG-44 or EQ-70)

Thickness " T o3 specified

Figure X{1-11

UCC 002885



CHAPTER X1l

APPLICATOR TRAINING

NI STANDARD PAGE 282
CARBIDE PRI APRIL 1970

APPLICATION - RIGID INSULATION
HIGH TEMPERATURE SERVICE

PIPING - Contd

Application of Insulation

The service temperature of piping not only influences the thickness of insulation to be used but
it also dictates the method of installation. As in the case of equipment, the higher the tempera-
ture the greater the dimensional change of the pipe. For that reason, the manner of supporting
the insulation and the use of insulation covers os slip joints and the proper location of insulation
expansion joints are important.

With the exception of ball and plug valves and welded fittings on piping 3" NPS and under,
all fitting insulation covers should be shop preformed wherever possible. Covers should be
fabricated or modeled in accordance with dimensional standards as given in ASTM Recommended

Practice C-450.

Prefabricat ed fittings for welded fittings should be installed prior to installation of a straight
pipe insulation. Such a prefabricated elbow cover is shown in Figure XHi-12.

On vertical pipe lines, 4" NPS and larger, extending more than 15 feet above the bottom elbow,
the insulation shall be supported by an insulation support located directly above the elbow,
Typical installation is shown in Figure XIlI-13. A pipe insulation support shall also be installed
above each pair of flanges or flanged valve in vertical lines. In addition, if vertical pipe
extends more than 15 feet, additional supports shall be installed on approximately 15-foot centers
to provide for installation of insulation expansion joint. This is also illustrated in Figure XHi-13.

Installation of proper insulation expansion joints directly below top elbow of long vertical lines

is essential for proper performance of insulation. These expansion joints are formed by leaving

a l-inch open void between the butt ends of the insulation. Depending upon the temperature,
this void is packed tight with mineral wool or fiber glass. Over this joint, a slip -type sleeve

of 0.010" thick stainless steel jacketing is installed so that when the pipe expands, this void

will further open, but will remain insulated by the fibrous insulation which expands as the pressure

against it is released. Construction of these expansion joints is shown in Figures X11-13 and XI11-14,

Securement of pipe insulation and fitting covers shall be by stainless steel wire or strap asstated
in Chapter X} ~ Pages 23, 24, 25 and 26.

On horizontal piping, an expansion joint shall be installed in each 21 feet of straight piping not
interrupted by flanges or flanged valves and insulated with multiple~layer insulation, and each
42 feet of insulated lines with single-layer insulation. These distances should be measured from
pipe anchor.

UCC 002886
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Preformed all cover

Thicknass * T™ aos specified

Finish, 01 :pecificd"‘————‘

Yhickness "T" as specified

Applicotion of Bonded Exponded Silico Insulation to Horizontal Welded Ell

Figure X1 - 12
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APPLICATION - RIGID INSULATION
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Pipe insulation Preformed ell cover

Thickness “T* as specifisd

————

@ - p

Thickness “T° as specified—

Finish as specified

Stoinless steel pins

Insulation strop over pins

Weather barrier ssal to sleeve

Fill joint with white glast wool . Sraintess steol sloeves

Weather barrier seal to sieove 0.010 in. thick

Weather borrier, as specified

Pipe insulation

d
' Pipe insulation Finish os specified
. Westher barrier, os spscified Stainless steel pins
i
; Insulation support Insulation strop over pins
i (Spec VII.LA.9)
i
Weather barrier seal to sleeve
Stip joint
== 5[5-_'-::_ Fill {oint with white glass wool
s Stainless sesl sleeves
Weother barrier seal to sleeve 0.010 in. thick
: \
A
g N N
Z ~ 1
B, ) -l Thickness *T* as Ypecified
2
Suppont Above Bottom EIT* Expansion Jolint in Run

Applicotion of Bonded Exponded Silico Insulation to Verticol Lines o Insulation Supports end Expansion Joints

Figure X111-13
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~— HIGH TEMPERATURE SERVICE

Insulotion strap over slesve

Wecther barrier seal 1o sleeve

Inmwiation strop over sleeve

Stainiess steel sleeves, 0,010 in. thk

Slip joint

Application of Expansion and Centraction Joint to Bonded Expanded Silica Insslation on Horizoatal Piping

Thicknass *T* a3 specified

Fill joint with white glass wool

Figure XIl1-14
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PIPING - Contd

Application of Insulation - Contd

A flanged fitting insulotion cover is installed over adjacent insulation; these too act as
expansion joints. A preformed insulation flange cover and flanged valve cover are shown
in Figure XII1-15.

WEATHER-BARRIER

Weather-barrier fittings and irregular surfaces shall be mastic reinforced with Dynel fabric
installed in the manner os described in Chapter XX! "Application of Weather~Barriers".

Straight pipe and cylindrical sections of vessels should be insulated with mastic reinforced

with Dynel or metal jockeis whichever is specified. Installation of each should be in the
manner described in Chapter XXI.

UCC 002890
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Round outside corners

ickness “T" a3 specified
Finish as specified

Application of Bonded Expanded Silica insulotion 1o Line Flange

Slip joint not required on
single loyer except where
specificolly called for i

Roed outside comerns k\ ‘
i

-y -3

Heavy Ffillet of mostic

Insulation

)
SR

- Thicknes *T" a3 specified

Preformed valve cover
Finish os specified

Apglication of Bonded Exponded Sifica Inslotion to Flanged Valve

Fi gure Xil1-15
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APPLICATION - RIGID INSULATION
W TEMPERATURE SERVICE

GENERAL

Application of rigid insulation on low~temperature service is different from that for high-
temperature service in that the installation must be constructed to resist vapor migration.
This creates a particularly difficult problem because of movement of the surfaces which are

insulated.

As previously discussed, the migration of moisture vapor to a cold surface where it condenses
to water or freezes to ice is difficult to control. If an insulation is not almost completely
vapor resistant, then control of the moisture vapor inward depends almost compietely upon a
vapor-barrier on the hot side (outer surface). Such a vapor-barrier is almost impossible to
construct sufficiently tight under field conditions.

For these reasons, an insulation which is almost completely vapor resistant in itself is essential
to obtain long-lasting low~temperature insulation installations in our type of industrial usoge.
Celluler glass is the only insulation that does have almost perfect resistance to vapor migration.
Thus this discussion is limited to the application of cellular glass for low~temperature service.

Although cellular glass is highly vapor resistant, it is important to prevent vapor from migrating
through the joints and getting to the inner surfaces of the insulation, particularly where tempera-
ture alternates between freezing and thawing. This freezing and thawing action will eventually
break from cell to cell, causing failure of the insulation. Such action is illustroted in

Figure XIV=-1, If the exposed loyers of celis are filled with mastic which does not freeze, then
this action cannot occur. Such mastic-filled cells are illustrated in Figure XIV-2,

Such an approach 1o vopor sealing cellular glass installations on low-temperature surfaces is
much more effective than depending upon a thin vapor-tarrier on the outer surface. As almost
all materials do have some vapor transmission, the greater the thickness of the vapor resistant
material, the smaller the amount of vapor migration. .To illustrate this, on Figure XIV=3 is
shown an external vapor-barrier and a joint seal vapor-barrier. In the case of an external
vapor possage of moisture through the 1/8" vapor-barrier allows the vapor to enter the insula-
tion. However, with cellular glass being a vapor-barrier in itself, the total thickness of
vapor=-barrier, as illustrated, is 2. :

When temperatures are sufficiently low to warrant multi-layer construction, the problem of the
proper use of sealing mastics becomes very important. Most mastics containing asphalt freeze at
=50F. If such a mastic is used below this temperature, it can damage the cellular glass just as
much as water freezing into ice. Thus it is necessary to use sealers which do not freeze at the
temperature to which they are subjected. Unfortunately, the sealers which can be used at very
low temperatures are most often not us vapor resistant as those which freeze at a somewhat higher
temperature. This is why different sealers are used on different layers of cellular gloss insulation.

UCC 002892
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| VAPOR MIGRATION
\ THROUGH JOINT
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Figure XIV-1
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APPLY THIN LAYER OF SURFACE COATING JUST
SUFFICIENT TO COVER SURFACE AND FILL HALF
CELLS OF CELLULAR GLASS INSULATION EXPOSED
ON SURFACE-

MICROSCOPIC SECTION OF CELLULAR GLASS
INSULATION SURFACE PROTECTED BY
SURFACE COATING

Figure XIV-2
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VAPOR MUST PASS THROUGH SURFACE BARRIER -'8—" THICK}
VAPOR .!’HUST PASS THROUGH VAPOR PRESSURE ,
SEAL 2" IN LENGTH .
- ®
1
\ ! T
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o > e, )
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LOW TEMPERATURE SURFACE

COMPARISON OF LENGTH OF VAPOR TRAVEL
THROUGH SURFACE VAPOR BARRIER AND
JOINT SEAL

Figure XIV-3
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GENERAL - Contd

Cellular gloss is rigid; thus, it is most important that it be fitted closely and joints made just as
thin as possible. Butt ends of insulation should be coated with just sufficient sealer mastic to
provide complete seal . Pieces of cellular glass should be installed with all sealed joints pressed

tightly together.

Cellular glass is more vapor resistant than any available mastic or plastic film; thus, when its
joints are sealed; it requires no external vapor-barrier. For this reason, it requires only o
weather-barrier for its outer protective cover. The mastic effectively fills the outer layer of
cut cells and retards freeze and thaw from weather and serves to protect the insulation from
mechanical abuses and ravages of weather,

An additional consideration in many items of our Company's process equipment and lines is that
these are subject to thawout by the use of hot gas. In most instances, hot nitrogen gas, over
212F, is used to thaw out and clean the equipment and pipe. This heating process causes
equipment and pipe to expand. For this reason, the systems designed for our services are
designed with insulation contraction and expansion joints.

—

Where metal-pfojects through insulation installed on low-temperature surfaces, it will provide
a joint of entry of ice - called ice creep. The formation of ice on the metal will crush any
insulation. This is shown in Figure XIV-4,

Where it is necessary to have metal projecting through the insulation, such as supports, hanger
rods, etc., these must be insulated for a distance outward to protect the main body of insulation.
it has been found that if these were insulated out four times the insulation thickness with one half
the thickness of the main insulation, this frost creep would be restricted to practical limits.

This is shown in Figure XIV-5. However, when atmospheric temperature is near or lower than
freezing, frost will be present where the metul projection extends its protective insulation.

EQUIPMENT
Supports

Rigid low temperature insulation is supported by rings attached to vessels in accordance with
the Engineering Standards.

Surface Preparation

Carbon steel surfaces operating below 0°F continuously need not be painted or coated. The
surfaces should be clean of mill scale, rust, dirt or other contamination prior to application
of the insulation.

UCC 002896
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APPLICATION - RIGID INSULATION
TOW TEMPERATURE SERVICE

LOW TEMPERATURE
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2&1 / /METAL PROJECTION
771 L
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é"&l Z ~ ——— FROST FORMATION
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e

/% WEATHER - VAPOR BARRIER
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—— e A ——————

THROUGH INSULATION

Figure XiV-4
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APPLICATION - RIGID INSULATION
' URE SERVICE

EQUIPMENT - Contd

Surface Preparation - Contd

Carbon steel vessels operating above 0°F temperature which cycle (hot thawout, etc.) or
that are expected to be out of operation for relatively long periods of time should be corrosion
protected as called for in UCC Coating Specifications.

Stainless steel surfaces should be coated with Thermalax No. 70 in accordance with UCC Coating
Specifications.

The surfaces of vessels or equipment of aluminum, copper, or galvanized steel must be cleaned
of oll dirt, grit, oil or other contamination prior to application of the insulation.

Preparation for Installation

Similar to hot service, the temperatu}e, size and shape of equipment affects the manner of
installation. The service temperature (low and high) dictate the amount of dimensional change
which will occur.

Unless equipment is less than 20 inches in diameter, cushion blanket should be instailed prior
to the application of the cellulor glass insulation.

On all equipment operating with a top temperature lower than 350F, a 1/2-inch cushioning
blanket shall be applied over the entire surface before application of the cellular gloss insulation.
Blanket shall be held in place with a minimum amount of stainless steel wire. Blanket is

required under rigid block installed on low temperature to provide a cushion spacer between the

. vessel that contracts and the cylinder of rigid insulation. The need for the cushion blanket

is illustrated in Figure XIV-6 and 6A,

On all equipment where top temperature might exceed 350F, a 1-inch-thick cushioning blanket
shall be installed over the entire surface.

The cellular glass insulation sholi be shop fabricated and fitted to allow 1/2-inch space for
the cushion blanket between the insulation and vessel on equipment with top operating temperature

less than 350F. A 1-inch space shall be allowed on equipment which has peak temperature
above 350F.

The base of first course of cellular glass side wall curved sectors should rest firmly on insulation
support so that all lateral joints run parallel with center of vessel . The first course shall have
alternate half-iength blocks so that end joints are in staggered position. All butt edges and ends
of formed insulation shall be sealed with a buttered coat of the specified sealer. This coating
:holi b:| of sufficient thickness to provide proper adhesion and seal between the individual tightly
itted block.

UCC 002899
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

EQUIPMENT =~ Contd

Preparation of Installation - Contd

Multiple layers of insulation should be applied so that the butt joints of one layer do not coincide
with those of any other layer. Care must be exercised to make sure that correct sealer is used
with each layer. Application is illustrated in Figure XIV=-6.

Where the contour of vessel permits firm and effective attachment, all layers of cellujar glass
shall be secured in place with stainless steel strap. Where required, insulation strap shall
be anchored to strap anchor angles,

Where insulation is applied to dished or elliptical heads in multiple layers, the inner layers shall
be held in place with stainless steel strap fastened to the insulation support. Outer layer of
bottom head insulation on vertical vessels or heads on horizontal equipment shall be secured by
strap to special anchor clips as illustrated in Figure XiV-7.

Installation of insulation on flat heads requires that cellular glass flat insulation be used
directly on the surface to the thickness required to bring the surface of the insulation flush to
the top of the stud bolts. This is followed with the application of the cushion blanket and
specified thickness of the insulation. This is illustrated in Figure XIV-8.

Expansion-contraction joints must be installed over each insulation support and vessel flange.
When the movement occurs where one area of insulation overlaps the other, non-setting sealer
should be applied to these over~lapping surfaces. Application of insulation exponsion-contraction
joint at vessel flange is shown in Figure XIV-2, and joint at insulation support is shown in

Figure XIV-10.

The change in dimension of a vessel as it expands or contracts changes the relative position of
nozzles or pipe connections in reference to the cylindrical insulation of the sides. Space must be
provided by the use of oversize flange covers and pipe insulations at the point of connection to
the vessel to prevent this movement from breaking the insulation or its seal. The proper applica-
tion of cellular glass insulation at nozzles or connecting piping is shown in Figure XIV-11,

Wherever the insulation terminates on low-temperature equipment or vessels, such as on a skirt,
leg, support, or cradle, the projecting metal of these should be insulated for not less than four
times the specified insulation thickness. The recommended procedures for insulating these are

shown in Figures X1V-12, XIV~13, XIV=14, and XIV-15. It is essential that all insulation
terminating points be sealed to prevent entry of moisture.

UCC 002900
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Vessel Wall Vessel Wall ";\?‘.
Celiular Glass Cushion Blanket ",“\
s oo Compressed ';\p .

Fits snug at e

atmospheric Cellulor Glass ‘ ?“,
4

temperature Sealed Joints ;’f;

Secled Joints

AN

N\

Without Cushion Blanket With Cushion Blanket

AS INSTALLED AT ATMOSPHERIC TEMPERATURE

7

e
s

»
.
&
[)

Vessel Wall Shrink:

Cushion Blanket
expands in thickness

Vessel Woall

Shrinks from insulatio
when reduced in

Ahmaiaye iy

temperature
<) Pressure from <} Pressure
Hul | i

Cellular Glass Exterior Cellular Glass still §

Pressure causes joint equally supported j

to be broken to resist outside

pressure
Without Cushion Blanket With Cushion Blanket

INSTALLATION AFTER VESSEL HAS CONTRACTED
DUE TO REDUCTION IN TEMPERATURE

Figure XIV-6
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APPLICATION - RIGID INSULATION

[OW TEMPERATURE SERVICE

Block insulotion fitted to heod and secured
with straps. Provide o coble ring of twisted
Stoinless Steel wire around top center nozzle,
when required, 16 anchor strops.

Finish as specified

Curved Sector
Exponsion joint in occordonce Blocks
with Figure 10-1-4

v Cushioning blonket
; Vessel

lasubotion Support In accordance
with UCC $1d EQ~64 or £Q—68

T
i alam
ST

Application of Cellular Gloss Insulation to Vessel Shell and Heads

SECTION A-A

A-A

Figure XIV-6A

Ses Detail A", anchor clips on 12=in. — y—
centers cround vesssl circumference.

lation strop
(under ancher c!i—p)/
Insulot lon strop

ring around bottom nozzie

s

Praformed insulotion cover

Hord drown daintess steel

/ Cushioning bianke?

Double prong clip

{over anchor clip) ’
[ Insulotion wpport
Cellulor glass insslation —éfr. {UCC 51 E(;:l or
;‘f EQ-$8)
Double prong clips /ﬁ
i-in. dic stainlew steel ' fcknes " T"

onchor C”p—-\%/—" x 3= slotted hole

Double prong clips T

—q—i-i' —elt—0.025

&
DETAIL "A=

Securement far Cellular Glass fassiation on Bottom Vessel Heod

' el

Figure XIV-7
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE
Cellular glass block mwlchm tashing, see Fig GA-3.
Two layen of
Weother barrier, os specured —\ cuzvi::ing :lankof"—’ :-th.l nozzle
Round outside cormner —=—g
3-in. min over stud — ’;ﬁ
—VE+ s Svorea s T w e w § '-Vu:ol heod
Nt :
W ‘ ,
Q ! \ Thickness *T° 4s specified
: \——-nn" block (no :cmp'pﬂmiﬂod)
Heovy fillet of mastic
Thickness " T as specified ——————k—-‘l ushioning blanket
Application of Cellvlar Glos Insulation to Flat Equipment Haad

Figure XIVv - 8
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

Callulor gloss frsulati
Cushioning blonket

Inswlation support

Cushioning blonket

Vesse! thell

T ————
{UCC Standard EQ-64 or EQ-68

)

Weather borries, os specified

Uniformly slope insvlation

Stainless steel skewers

Praformed insulation cover

pa———— Thickness "T" a3 specified

Thickness "T* o5 specified

Application of Cellular Glass Insslotion to Expansion and Contraction Joint of Veusel Flange

Surfaces coated with non-seting
sealer bafore instellation

Round outside comers

Heavy fillet of mastic

/”’

/

Figure XiV-9

Csilulor glags insuigtion

Cushioning blonket

Insulotion s,

A\ A\

{UCC Srandard EQ-64 or EQ-$8)

Vesnel shell

S SIS

Thickness "T™ as specified

e

LI 5

Weather borrier, os specifisd

ntformiy slope imulntion

rfaces coated with non=setting
secler before instoliotion

Preformed Insulotion cover
{Thickness *T" os specified)

Round outside comens

Heavy fille of mortic

NOTE: Slip joint not requirsd ob

support

directly above the bottom heod.

Application of Cellular Glam Insulation to Expansion end Contraction Joint ot Inwlotion Supports

Figure X[v-10
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APPLICATION = RIGID INSULATION
LOW TEMPERATURE SERVICE

savy fitlet of mastic
Weather barrier, os specified

Celluler glass inwlatic

Round outside corners

Cushioning blonket-

Cushioning blanket, 3'-0" or to
first albow,

=% aJJa :

Opan space Py
around nozzl

£ ~ Thickness "T" as specified

2 v Surfaces coated with non~setting
sealer before installation

Application of Cellular Glass Insulation to Herizontol Nozzis

Figure XIV - 11
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APPLICATION - RIGID INSULATION

LOW TEMPERATURE SERVICE

Elevation

Fill channel leg with insulation N

Cushioning blanket

Run circumferentiol
itraps between leg
and vesiel wail

Fifl voids with mostic

.S

Thickness " T a1 specified
Wire lacing over feg
inwlotion secured to
circumferentiol strops

Cushianing blonket

[¥¢

MR

Fireproofing

Appiication of Cellular Glas Insulation to fquipment Leg

Figure XIV=-12

Weather barrier, as specified

!‘.\-! i! L— Cushioning blanket
ot
Tangent i a"?'[ _('G’é’g';f; EGo64 o £Q-70)
ange ine Ne it/ or -
—_ i
£ 'q s li.m Thickness " T as specified
- el
I R

fnsulation support, (UCC Std EQ-64 %

Y,

Yessel H

W

Y

Thickness "T" vm specified

TR,

—Heavy fillet of magtic
or EQ-48)

Agplication of Cellulor Glass Insulation to Equipment Skirt

Figure XIV-13
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

—d

Weather barrier,
o8 specified

Support lug

to fugs on oil sides.
Insuiation to be ottached
to rods with wire or
imwlction straps

Coat ali joints around
steel support with non—
satting sealer

Sa et e gy B e

Support bea Yool

Heavy fillet of mastic

Vertical Section

¥ Thickness "T* o spacified

$~in. dia rods tock-welded

Support bea:

Bottom View Section

Application of Cellular Glass Insulation to Equipment Lugs and Supporting Stes!

Thickress "T"
as specified

Figure XIV-14

Cellulor glass insulation

Sk,

3
=y

1]
Horizontal Vessel b

TR

¥

Wil A
Y
Section 3-8

2. X LX

—

———

Lﬂimdiml Section

Heovy fillet of mastic

A) Weather barrier, as specified

Caoat top of concrate with vapor seol mastic

Thickness *T" as specified

Coot all joints around
steel crodle with non-
selting seoler

Steel crodle

insulote to concrete
or four "T" min.

Wood block when specified

Application of Celivior Gloss Insulation to Equipment Crodle and Concrete Suppont

Figure XIV~15
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

PIPING

Surface Preparation

Surface preparation of pipe surfaces shall be same as for vessels except stainless steel pipe
shall be coated only behind flanges and elsewhere where specifically specified.

Application of Insulation

As with equipment, the maximum and minimum service temperatures of the piping, besides
influencing the thickness of insulation to be used, also dictates the method of application.

The dimensional change of pipe must be considered in design of its support and anchorage.

As low-tempercture service piping must be insulated to retard the migration of vapor moisture
inward, all piping, wherever possible, should be supported by cradles outside the insulation. -
Metal connections to the pipe which extend straight through the insulation should be avoided.

As the pipe, in most instances, is supported by the insulation and as the change of dimension
of insulation, due to exponsion and contraction, is different than the pipe, the correct use of
insulation expansion-contraction joints is vital to the efficient operation of the insulation.
Location and distances between these expansion joints depend upon service temperature and
configuration of the piping.

Where pipe is subjected to sudden change in temperature or excessive vibration, a cushion blanket
should be applied to bare pipe before installation of the cellular glass. Fittings and pipe insulation
must be oversized to allow for this cushion where it is required.

Ali fitting, flange, and valve covers should be prefabricated before installation on pipe.
These should be of dimensions as given in ASTM Recommended Practice C~450.

Prefabricated welded fittings should be installed prior to the application of straight pipe insulation.
Typical welded insulation covers are shown in Figures XIV-6 and XIV-17.

On vertical lines 4-inch NPS and over, ond over 15 feet above the bottom elbow, an insulation
support should be installed to prevent all the weight of the pipe insulation from resting on this
elbow. A pipe insulation support shall also be installed above each pair of flanges or flanged
valve located in the vertical line. '

Pipe insulation shall be installed in staggered position. All butt edges and ends of both layers

(or single layer) of cellular glass insulation should be buttered with joint sealer before application,
The joints shall be drawn together when insulation is applied so that only o very thin, vapor-tight,
vapor seal coat separates the sections of the insulation. Insulation should be applied with all

- UCC 002908
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

Wegther barrier, as specified

Butt joints between fitting cover
and odjocent pipe insulotion
to be coated with joint sealer

Applicotion of Cellular Glass Insulation to Welded Ell

Two halves of the cover shall be
cemented together with joint secler

Preformed ell cover

Thickness “T" as specified

Cellular gloss imsulation

Thickness "T" as specified

Figure XIV-16

Buit [oints berween fitting cover
ond adjacent pipe insulation

to be cooted with joint sealer l Thickness "T* as specified

Cellulor glass insulotion Heovy filley of mastic

\ Waeather barrier, os specified
o Pipe insulation
i A é é ;P pe

i g s 3
R

[

~—— Thickness *T" os specified
Two holves of the cover shall be
cemented together with joint seoler Preformed tee cover

Applicotion of Cellulor Gloss Insulation to Welded Tee

Figure XIV-17
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APPLICATION - RIGID INSULATION

LOW TEMPERATURE SERVICE

PIPING - Contd

Application of Insulation

icints tightly butted and fitted, to eliminate voids. Large voids shall not be filled with sealer,
but should be eliminated by either refitting or replacing the insulation. Any rounded corners
on the insulation surfaces shall be trued up before the insulation is installed.

Inner layers and outer layers of cellular glass pipe insulation up to 4-1/2-inch outside diometer
shall be secured in position with stropping tape.

Outer layers of straight pipe insulation, welded fitting covers over 4=1/2-inch outside diameter
and all flange (and flanged valve) covers shall be secured in position with 3/8-inch stainless
steel strap.

Location of securement tape and strop on the pipe insulation shall be as shown in Figures Xi-13
and XJ-14 in Chapter XI.

Insulation expansion and contraction joints shall be constructed with the straight pipe insulation
so cut and fitted that a 1/2-inch void is left between the butt ends of adjoining runs of pipe
coverings. Over this void, a section of pipe insulation shall be installed of equal thickness to
the specified thickness. The outer layer of the pipe covering and-inner surface of the expansion
joint cover shall be coated with non-setting sealer. The expansion joint cover should be installed
over the pipe covering sufficiently tight thot the non-setting sealer fills the void between the
two, but not tight enough to bind. These joints shall be installed in both horizontal and vertical
straight run ot intervals, as follows:

Up to 2-1/2 inches thick insulation - one for each 60 feet.
Up to 5 inches thick insulation - one for each 45 feet.
Up to 7-1/2 inches thick insulation - one for each 30 feet,

These expansion joints shall be located one-half the distance between pipe supports, one-half
the distance between points where pipe changes direction, or ot the specified distances starting
measurement from a pipe anchor.

Typical construction of expansion [oints for vertical and horizontal lines are shown in

Figures XIV-18 and XIV-19.

Flange, fitting and valve covers shall be instolled over the adjacent pipe insulation. The joint
between the pipe covering and these covers shall be buttered and sealed with non-setting sealer
to form a slip joint as called for in expansion joints. Where these covers occur where expansion-
contraction joints are required, they serve as the expansion-contraction joint. The two halves of

UcCcC 002910
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CHAPTER XIV
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APPLICATION - RIGID INSULATION

LOW TEMPERATURE SERVICE

Insulation support
(Spec VII.A.9)

Stainless steel skewers

Weother barrier, os specified

Round outside corners

Celtular glass insulation ——

Preformed imulation cover

—
it
el

Surfaces coated with non-setting

Heavy filist of mestic
sealer before instollation

Thickness *T* as specified

Application of Cellular Glass Insulation to Expansion and C ion Joint in Vertical Piping

Figure XIV-18

Surfaces coated with non-setting
sealer before installotion

1-172 ¢ 172"
gl

Cellular gloss insulotion l——— f Round outside corners

0
i%%r% 7
7
/ Heovy fillet of maitic
Weother borrier, as specified

Applicarion of Cellular Gloss insulotion to Expamsion and Contraction Joint in Horizontsl Piping

Cor™

Figure XIV-19
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

PIPING - Contd

Application of Insulation - Contd

the cover shall be cemented together with joint sealer and secured in position with 3/8-inch
stainless steel strop.

All valves shall be packed ond filled around valve stem and packing gland assembly with joint
sealer to avoid water and vapor entry.

A typical flonge, flanged elbow, and flanged valve cover are illustrated in Figures XIV-20,
XIV=2l, and XIV-22,

Where pipe must be supported by hangers, the rod should be insulated up to four times the
specified insulation thickness fo prevent ice creep. This is shown in Figure XIV-23,

WEATHER-BARRIERS

The cellular glass insulation shall be weather protected with specified mastic reinforced with
Dynel fabric in /the/inonner as described in the Chapter on Weather-Barrier application.
7
—

UCC 002912
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

Two halves of the cover sholl be
cemented together with joint sealer

Round outside cornens

Heavy fillet of mastic

Cellulor glass insulotion

- D

b
i\ _k\-—-fhicknen *T* o5 pecified
Preformed flange cover ———'—/ / \——Suvfaen cooted with non-ietting

‘Weather barrier, o3 specified sealar before installotion

Application of CeHular Gloss Insulation to Line Flonge

Figure XIV-20

Two holves of the cover shall be
cemented together with [oint secler

Surfoces coated with non-1etting
sealer before instotiotion —mme—

; ified
Weather barrier, os specifi Preformed ell cover

Thickness “T" os specified

Thickness " T oy specified —

Round ocutside comers -—.
' \—Ce"ulor gloss insulotion

Heavy filler of mastic

Application of Cellulor Glass Insulotion to Flanged Eli

Figure XIV-21

UCC 002913
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APPLICATION - RIGID INSULATION
LOW TEMPERATURE SERVICE

Extend vapor seal cooting over metal

Pack ond fill between insulation ond

valve stem with non=setting sealer
Round outside corners ——\\

Two halves of the caver shall be
cemented together with joint seoler

Heavy fillet of mastic

Cellular glom insulation

Thickness *T* as specified

Preformed valve cover 4e Surfoces coated with non-setting
Weother barrier, os specified sealer

Application of Cellular Glass Inslotion to Flonged Valve

Figure XIV-22

Hanger connector __.: T_min
Extend membrane finish /——-——§~in. thicknass Cushioning blanket
&-in. min up connector
Heovy fillet of mastic
g Two holves of the cover shall be
4 cemented together with joint sealer
- #
- B
r 1
ISR
Thickness "T” as specified
- ——t—
N Preformed oll cover
% A A -
— \\ [~ Cellular glass insulation
Round cutside comers y o~ Woather barrier, os specified

1 T min ] H

3utt joints between fitting cover
ond adjacent pipe insulation
to be cooted with joint sealer

4 Thickness *T” s 1pecified

Application of Celiular Glass inswlotion 10 Welded Ell with Hanger Connecred Directly to Pipe

Figure XIV-23
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CHAPTER XV
APPLICATOR TRAINING

™ sTANDARD PAGE 311
CARBIDE OEMICALS AMD PLASTICY APRIL 1970

APPLICATION OF SEMI-RIGID INSULATION

MODERATE AND HOT TEMPERATURE SERVICE

GENERAL

Semi-rigid insulation is most generally mineral fibers bonded together into panels, boards, or
pipe insulation. The density and amount of bonding material controls the rigidity. In this
Chapter, the method of installation is concerned with a type of material which is semi-rigid, i.e.
it is somewhat flexible but does have sufficient strength to maintain its form without support,

EQUIPMENT

Supports

With this type of insulation it may be supported either by support rings, or by pins and speed clips.
Where welding is permitted, the insulation may be supported by a flat bar or angle welded to rthe

vessel. Where welding is not permitted, insulation supports must be bolted on as shown in
Chopter IX, "Supports and Securements. "

On surfaces where welding is permitted, insulation is frequently secured in position by pins as
illustrated in Figure XV-4.

Surfaces to be insulated should be properly cleaned and where required should be coated with
proper paint or coating material prior to installation of the insulation.

Surface Preparation

Corbon steel surfaces operating ot temperatures below 150F must be blast cleaned and coated with
inorganic zinc coating in accordance with UCC Coating Specifications.

Stainless steel surfaces shall be coated with Thermalox No. 70 in accordance with UCC Cooating
Specifications.

The surfaces of vessels or equipment of aluminum, copper, or galvanized steel must be cleaned
of all grit, oil, dirt or other contamination prior to application of the insulation.

Application of Insulation

o M N el el el e et e s NMER RRR e MR e N Aoy ey

On cylindrical equipment less than 30 inches in diameter, preformed glass pipe insulation of a
size to fit the vessel surface is used in place of block. This is insialled in the same manner as
pipe insulation, discussed later in this Chapter.

UCC 002915
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APPLICATION OF SEMI-RIGID INSULATION
MODERATE AND HOT TEMPERATURE SERVICE

EQUIPMENT - Cc--id

Application o- Insulation - Contd

On vessels larger than 30 inches and up to 30 feet in diometer, the glass block or board
should be cut to proper size lagging or curved sectors to fit vessel surface. Vessels above
30 feet in diometer may be insulated by flat board pulled to curvature of vessel by the

securement strap.

Fibrous glass block for vessel heads should be precut to fit contour of the head.

The block or lagging should be applied in stoggered position with all joints tightly butted.
Multiple loyers should be applied so that butt joints of one layer do not coincide with those

of any other layer.

Application is similor to rigid insulation with the exception that the expansion cushion bianket

is not used under the semi-fibrous glass insulation os the insulation is sufficiently flexible to
compensate for the circumferential expansion of the vessel. The installation of the semi-rigid
insulation is the same o rigid insulation illustrated in Figure XII-1 and X111-2 in preceding
chapter. Slip joints to compensate for lateral expansion must be installed as shown in Figure XV-1.

The insulation should be secured in position by stainless steel straps on 9=inch centers, pulied
just sufficiently taut to hold insulation snug to the vessel. Where vessel exceeds 25 feet in
diameter, the strap should be "expanded bands* or should have one expander spring instalied

for every 30 feet of strap.

The vesse! flanges and manholes, or nozzles, should be insulated with precut covers unless
specifically stated to be left uninsulated. The insulation manhole or nozzle covers are illustrated

in Figure XV-2.

Where block or lagging insulation terminates ot any location, it should be tapered to provide
water shed and to provide for its proper seal off to prevent entry of water. This taper and seal
off is shown in Figure XV-3.

Application - Flat Surfaces

Bilock or board insulation is installed by impaling it on pins welded to the surface to be insulated.
The blocks or boards should be installed in staggered position with all joints tightly butted.
Multiple layers should be instolled so that the butt joints of one layer do not coincide with

those of any other layer.

UCC 002916
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APPLICATION OF SEMI-RIGID INSULATION
MODERATE AND HOT TEMPERATURE SERVICE

Weather borrier, os specified

Stoinless steet pins

{nsulotion support Insulotion strop over pins
{UCC Stondard EQ-64 or EQ-68)

Weather barrier seol to sleevs

Vessel shell

) /_____Slip joint, stainless steel sleeves
’ {0.010-in. thick x 12-in, wide)}
Weather borrier seal to sleeve

Fill joint with white glass wool

Stainless stesl pins

f
f
I
[
I
I
I
l
1
|
1
{
{
{
{

Insulotion strap over pins

Skp joint not required ot support i
directly above the bottom head.

Application of Slip Joint to Vessel Well at Insulation Supports

Figure XV-1

L Thickness “T* o3 specifisd Fill with scrap block

N

Heovy fillet of vapor
seal mostic Py 8

Chi S

i
s
Vessel Vessel
R q_ﬂjs T a“g

» Finish, os specified
) Round cutside corners
Heavy filet of Preformed insulation cover, miter cut
vapor seal mastic and fitted to vesusel covering
! Line Nozzle Blind Nozzle
-
! Application of Fibrous Glass Insulotion to Horizontal Vesse! Nozzies
. .
! .
Figure XV-2
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APPLICATION OF SEMI-RIGID INSULATION

DERATE DH

"TEMPERATURE SERVICE

Insulation support, where required
(108 UCC S4d EQ-64 or EQ-68)

Round outside

Reinforcing cloth extended to vessel
ond bonded while undercoating is
still racky

Z \
o l/"
L4 Vessel wall

Fibeous glass insulation block

Weather barrier, os specified

! ! Thick “T" as specified

Application of Fibrous Glass Insulation Adiacent to Uninsylated Flanges

Figure XV-3

» & Block insulotion
¥ |~ Pin clip {speed clip)
v (/ depressed into black

lo]
@

L ——Finith os spacified

Filt clip deprassions with
setting inwlotion cement
flush with face of block

Waelding pin insulation fasteners {Spec VI A, 22)
{Five pins per block min)

Application of Praformed Fibrous Glas Inwlation to Flat Surfoce

Figure XV-4
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CHAPTER XV
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APPLICATION OFf SEMI-RIGID INSULATION
MODERATE AND HOT TEMPERATURE SERVICE

EQUIPMENT - Contd

Application - Flat Surfaces - Contd

Pins should be 1/4-inch longer than total thickness of insulation. The pins should be placed
50 as to provide a minimum of five attachments per block. The insulation should be secured
in position by pressing the pin clips over the pins. Clips should be pressed into the insulation
just sufficiently to allow pins to be cut off below adjocent uncompressed insulation surface.
These depressions at pin and ¢lips should be pointed up flush with insulation cement. This in~
stallation is illustrated in Figure XV=4.

Vessel legs and vessel skirts should be insulated in the same manner as discussed in Chapter X1l)
ond as shown in Figures XIl1-10 and XIHiI-11.

The weather-barrier for cutdoor service should be either mastic reinforced with fabric or metal
jacket for cylindrical section of vessels. Flat surfaces, irregular surfoces, flanges and other
fittings, should be protected with mastic reinforced with fabric. Application of these materials
is given in Chapter XX[ "Weather-Barriers. "

For indoor applications not subject to wosh down by hose or liquid spillage, the equipment and
vessels may be coated with bonding adhesive in which glass cloth is imbedded. After this has
dried, the entire surface should be coated with PVA finish coating of specified color.

PIPING

Surface Preparation

Pipe surfaces shall be coated and cleaned the same as called for equipment except that stainless
steel pipe shall only be coated behind flanges and elsewhere where specifically specified.

Applicction of Insulation

The application of straight pipe insulation depends upon the type of outer jacketing or coating
which is to be applied as a weather-barrier or indoor covering.

When the jacketing is installed separately, the straight pipe insulation should be installed in
staggered joint construction. All joints should be tightly butted to eliminate voids. When in-
sulation with foctory applied jacketing is used, it should be installed with each cylindrical
section butted tightly against adjacent sections.

uccC 002919
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APPLICATION OF SEMI-RIGID INSULATION
MODE ND HOT TE TURE SERVI

PIPING - Contd

Application of Insulation

Insulation on 4=inch NPS pipe and larger on vertical lines shall be supported by a pipe
insulation support located directly above the elbow. A pipe insulation support should be
located above each pair of flanges or flanged valve in a line. These are shown in Figure XV=5.

With the exception of ball and plug volves and welded ond screwed fittings below 3" NPS, all
fitting covers should be prefabricated or premolded. These fitting covers should be in accordance
with the description given in ASTM Recommended Practice C-450.

Prefabricated fittings for welded pipe fittings should be installed prior to installation of the
straight pipe insulation. Flanged fittings should be installed after the installation of the straight

pipe.

Welded and screwed fittings on 3-inch NPS pipe and smaller may be insulated by troweling or
palming insulation cement over the fitting flush to the adjacent stroight pipe insulation.

Pipe covering on piping above 212°F and installed in staggered position should have expansion
joints installed in uninterrupted straight runs exceeding 21 feet in length. Such an expansion
joint andj.tsgefails of construction are shown in Figure XV-6. In some instances, a large crack
will develop in the pipe insulation ofter one line is in service, indicating the need for an
expansion joint at that location. When this occurs, an expansion joint should be built into

the system at that location.

Securement of pipe insulation installed in stoggered joint construction should be by stainless
steel wire on ?-inch centers. Fitting covers should also be secured in position with stainless
steel wire.

WEATHER-BARRIER

Straight pipe insulation indoors with a plastic, glass fiber reinforced, factory applied, fire
resistant jacket should be secured in position by adhering the lap down over the adjoining edge
of the jacket. In some instances these laps require a lap adhesive; in others, the adhesive is
factory installed with release paper over the adhesive. Where this self-sealing adhesive is
furnished, the paper should be stripped off the adhesive, the iap set in place at the center,
and the lap sealed toward either end by pressing the head with the blunt edge of a knife. The
circumferential joints are sealed with butt joint strips furnished with the pipe insulation.

Fittings, indoors where no liquid exposure is expected, are finished with bonding adhesive,
glass cloth, and PVA finish coatings.
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APPLICATION OF FLEXIBLE CELLULAR INSULATION
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GENERAL

Flexible cellular insulation is a compressible elastic material. Because of these properties

it must be installed in a different manner than the rigid or semi-rigid insulations. Because
of its flexible nature it can be installed over tubing before the tubing is installed; and where
tubing is deflected to fit, the insulation will also deflect without cracking or breaking.
When it is secured in position to another surface or to itself, the mojor means of securement
is with contact adhesive.

EQUIPMENT

Surface Preparation

Surface preparation of equipment, vessels, or ducts to which flexible cellular insulation is to
be applied is of utmost importance, as satisfactory installation and service depend upon the
adhesion bond between the surface and the insulation.

Carbon steel equipment, vessels, and ducts must be sandblosted and coated with zinc-silicate
inorganic coating in accordance with Coatings Specifications prior to application of the

insulation.

Stainless steel vessels and equipment must be coated with Thermalox No. 70 in accordance
with UCC Coating Specifications prior 1o application of the insulation.

The surfaces of vessels or equipment of aluminum, copper, or galvanized steel must be cleaned of
all dirt, grease, oil, and other contaminants prior to application of the insulation.

Application of Insulotion

Each sheet should be cut to be approximately 1/8-inch longer in each direction than the surface
to be covered.

The surface to be insulated and the inner surface of the insulation {cut cell side) should be completely
coated with contact adhesives. The coated surface should be allowed to dry until it is non-tacky

to the touch. The length of drying time will change with ambient temperature conditions.

Basically, the lower the ambient temperature, the longer will be the time required for the

adhesive to dry to a non-tacky state.
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EQUIPMENT ~ Contd

Application of Insulation - Contd

The insulation is positioned so that its edges overlap butting surfaces, or previously installed
sheets, by 1/8 inch. The center of the insulation sheet is then pressed to the surface. Working
outward, to ovoid trapping air, the sheet is pressed firmly to the coated surface. The edges

are compressed to take up for the 1/8~inch overlop; the expansion of the sheet will then assure
tight butt joints. The joint should then be spread open and, by means of a small brush, contact
adhesive applied to the two edges of the butt joint. This will assure that the joint will be firmly
bonded with adhesive when the sheet is released to expand back in position. The sheets are
then pressed into final complete contact by firmly pressing with a small hand roller.

When a double layer of insulation is required, the auter surface of the inner layer and the
inner surface of the outer layer of flexible insulation should be cooted with contact adhesive
then applied as described above. However, the outer layer should be applied so that the butt
joints of the second layer do not coincide with those of the first layer.

At the termination points and where the insulation butts to metal, exposed cut edges of cut
insulation should be cooted with flexible sealer and inside corners caulked with this sealer.

On square or rectangular ducts, the application method of installing the flexible insulation is
the same as described; however, the sequence of installation should be as follows:

1. The insulation should first be applied to the bottom surface, neatly fitting the
width of the duct.

2. The sides of the duct should be insulated next, with insulation extending from the
top edge of the duct down over the edges of the bottom insulotion to the flat outer

surface of the bottom insulation.

3. The insulation should then be applied to the top surface of the duct, extending from
outer surface to outer surface of side insulation.

The insulation over standing duct seams should be the same as the thickness of that applied to
the duct. Itlustration of this opplication is shown in Figure XVI-1.
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PIPING

Surfoce Preporation

Carbon steel pipe in the temperature range up to 150F shall be coated in accordance with the
UCC Coating Specifications.

Stainless steel piping shall be coated only behind flanges and elsewhere when specifically
specified.

Aluminum, copper, or galvanized steel pipe must be cleared of all dirt, grease, oil and
other contaminants prior to application of the insulation.

Application of Insulation on Straight Pipe

Flexible foam insulation is furnished in slit or unslit cylindrical shapes to fit NPS pipe up
to 5-inch NPS and tubes up to 4-1/8-inch OD.

When piping is already erected, the slit insulation is installed by applying the insulation on

the pipe. The butt edges are then coated with contact adhesive and held open until the adhesive
had dried tack-free to touch. Then the edges are pressed together to form a bond. Around
curves in the pipe where the butt joint may have a tendency to gop, the seam moy be pulled
tight by a wrapping of pressure sensitive tape until the contact adhesive has an opportunity

to set to final bond. All butt end joints should be cemented together in a similarly manner

to the longitudina! edge joints.

Pipe or tubing above the sizes of available cylindrical sections are insulated with sheet insuia-
tion. The sheet insulation should be cut to fit around the pipe loosely, i.e., without stretching.
The pipe and cut side of the insulation should be coated with adhesive-and instalied in the some
manner os described in the "Equipment" section. All butt edges should be carefully sealed.

When insulation is installed on pipe prior to erection, the unslit sections are slipped over the
pipe. Open ends of the pipe or tube should be closed with plugs prior to slipping the insulation
over to prevent mica dust from the insulation from entering the pipe or tube. The insulation
should be slightly longer than the pipe or tube surface it is to cover. When the pipe or tube is

erected, the insulation should be pushed back 6 to 8 inches from the ends to allow for connection.

This is illustrated in Figure XVI-2. After erection, all butt joints and joints to fitting covers
should be cement bonded together.
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PIPING - Contd

Application of Insulation on Piping Fitting and Vaive Covers

As insulation for cylindrical pipe is only available up to 5 NPS and 4-1/8 tube sizes, the
number of fittings which can be fabricated from pipe insulation is [imited. Those that can

be produced from pipe insulation should be in accordance with ASTM Recommended Practice
C-450, latest revision. The material is most easily cut by a sharp knife, rather thon by o
sow. The fitting parts can be cut by a sharp knife, as illustrated in Figure XVI-3. Individual
pieces are cemented together with contact cement. :

Large size fitting cavers shall be fabricated out of sheet insulation cut to fit the valve, elbows,
or flanges. The sheet material is installed on the fittings in the same manner as described in
the "Equipment" section. Sheets are cemented to the fitting with contact cement and all butt
joints bonded together with contact cement. Dimensions for cutting sheet insulation for

90 degree long and short radius elbows are given in Figure XV-4,

Supports and Hangers

Becouse of the flexible nature of the insulation, it compresses with load. For this reason when
horizontal pipe is supported by cradles, another insulation must be used to support the pipe at
the cradles. Rigid urethene foam insulation should be installed between the cradle and the pipe
ot beam crossings. The rigid urethane should be of sufficient length to extend @ minimum of

2 inches beyond both ends of the cradle. Joints between the rigid insulation and the flexible
insulation should be bonded with contact adhesive.

Pipe hangers which connect directly to the pipe should be insulated with pipe insulation for o
distance of & inches beyond where they project through the insulation,

FINISH AND WEATHER-BARRIERS

Indoors

Where the pipe or ductwork in buildings are concealed in pipe chases or suspended cellings, the
insulation requires no finish or coating.

Where exposed indoors, all equipment should be painted with two coats of vinyl finish of the
color specified. Also, ductwork or piping which are located where subject to mechanical abuse
or washing down with water shall be painted with two coats of vinyl finish.

Piping and ductwork exposed to view, but not subject to wash down or mechanical abuse, are
to be finish painted with two coats of water emulsion PVA paint of color specified.

Equipment ond piping located outdoors shall be protected outdoors with mastic reinforced with

Dynfal cloth of type specified ond applied in accordance with instruction given in "Weather-
Barrier” Chapter XX1.
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Dimension A" is o job=site measure of the albow circumference.

TABLE FOR DIMENSIONS B AND C
Nominal || Number of | Long Rodius 90° ELL | Short Rodius 90° ELL
Pipe Size || Segments | “B*, In. | "C", In. | “8¥, In. | =C", In,
5 3 2-5/32 | 5-21/32 29/32 | 4-9/16
4 1-19/32° | 4-1/4 1/2 | 3-5/16
6 3 2-21/32 3 &-Z7/32 | 1-5/32 | 5-13/32
4 2 | 5-5/%2 1316 | 3-Z7/32
6 V=516 | 3-7/16 9Ns | 2-19/32
8 1516 . 2-5/16 13/32 1 1-31/32
8 6 1-13/16 | 4-1/2 13/16 | 3-13/2
8 15/16 . 2-5/1& 19/32| 2-19/32
10 6 2-11/32 | 519732 | 1-1/16 | 4-1/4
[} 1-3/4  [T4-3/32 1316 | 3-316
12 8 2-27/32 | 6-19/22 w-s/uﬁ‘ 16
10 22332 P42 131306
16 8 3  &-13/32 | 1-29/32, 6-1/2
10 2-13/32 : 55/32 | 1-13/32! -1/
18 B 3132 | 7-3N16 | 2-5/32 [ 7-V/4
10 2-1116 | 5-13/16 | 1-19/32: 5-7/16
20 8 3-3/4 8 2-13/32 | 8-1/16_
10 3 &13/32 | 111316 | &-1/16
24 8 49016 | 9-2/32 | 2-31/32 9-2i/2
10 21732 7-1118 | 2-3/16 | 71/4

Dimansions for Cutting Flaxible Sheet Insulotion

Figure XVI - 4
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APPLICATION OF PREFABRICATED PANEL INSULATION
MODERATE AND HIGH TEMPERATURE SERVICE

GENERAL

Prefabricated panel insulation is insulation which is affixed to metal panels by the manufacturer.
The insulation is semi-rigid fibrous glass and the panels are either smooth or ribbed aluminum sheet.
This type of insulation is useful for insulation of vessels over 12 ft 0 in. in diameter, and on flat
surfaces, operating above ambient temperatures up to approximately 450F.

Due to their construction, the insulation ond the weather-barrier must be installed at the same
time. For this reason the installotion layout, providing proper overlapping of the aluminum
facing, or the installation of bottom strips, for rain shield is of upmost importance. The panels
can be installed by the use of insulation supports and securement straps, or by the use of studs,
nuts and pins. Where welding to vessel is not permitted, securement straps must be used as the
method of installation.

The ribbed panel facing is furnished in o different size than the smooth panel. Thus, ribbed are
made to dimensions to permit overlap of the ribs to form o water barrier and still form standard

size insulation dimension of 96 in. x 48 in. The smooth panels are made to a 94 in. x 48 in.
dimension and the butt joints are covered with a batten strip. Because of these differences, spacing
of securements is also different, thus details of installation of these panels on vessel sidewalls

must be described separately. In addition, the panels are installed differently when installed by
straps than if ir}ta“e/d by studs and nuts.

—
INSTALLATION OF RIBBED JACKETED PANELS TO VESSELS

Supports

1. Flat and cone head vessels should have an angle or plate continuously welded to the
intersection of vessel head and sidewalls, to provide for insulation securement and
water shed. This is shown in Figure XVII-1. Where welding is not permitted, bolted-on
support and flashing should be installed as shown in Figure XVIi-3.

2. If panel insulation on the sidewall of vessel does not extend to the base of the vessel,
an angle or flat bar extending 1/2-inch greater in width than the insulation thickness
should be installed around the vessel at the level where the panel insulation is to
terminate,

3. Where welding to the vessel is permitted, the panels shall be fastened to the cylindrical
section of the vessel by studs, welded to the vessel, that extend through factory-punched

holes in the aluminum facing. Dimensions of panel and stud arrangement are shown in
Figure XVI}I-2,

UCC 002928
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Vessel roof
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Figure XVii-2
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INSTALLATION OF RIBBED JACKETED PANELS TO VESSELS - Contd

Supports = Contd

4. Where welding to the vessel is not permitted, insulation supports must be bolted on
as shown in Chapter IX "Supports and Securements ., *

Surface Preparation

Due to the type of construction involved this instaliation is restricted to the insulation of carbon
steel vessels, Vessel operating above 0°F up to 150°F must be painted in accordance with UCC
Coating Specifications.

APPLICATION - SIDEWALL INSULATION

Panels must be installed in vertical position so that their edges are parallel with the center
line of the cylindrical section of the tank. If vessel foundation is sloped for drainage, where
the panels abut the vessel foundation, their bottom edges shall be cut to the slope of the
foundation so that the top edges form a continuous horizontal line around the circumference of
vessel . This is illustrated in Figure XVI}I-4.

The arrangement of panels shall be as follows:

1. Cutouts for nozzles, located at the same elevation may be simplified by arranging
for horizontal lap to occur at this elevation.

2. The vertical lops between panels should be arranged, where possible, to fall on center
lines of nozzles which do not occur at horizontal laps.

When the vessel is on a low pad, where the level of rain or water can reach the bottom of the
panel, the fibrous insulation should be cut and stripped from the bottom of the first course to
an elevation greater than the highest expected water level. In no cose should this be less than
9 inches. This amount of stripped-out fibrous insulation should be replaced with cellular glass
insulation of equal thickness and preformed to fit the diameter of the vessel.

Where welding is permitted and the panels are to be secured to the vessel by studs, the ponels

must be positioned in accordance with predetermined reference lines. After positioning the
panel in place, a stud shall be welded in the middle hole. The panel should then be secured
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APPLICATION - SIDEWALL INSULATION - Contd

to the vessel by washers and nuts. After final positioning, additional studs should be welded to
the vessel and the panel secured in position. Before the second panel is installed, 2 to 3 inches
of insulation should be removed from the panel edge to allow overlapping of the aluminum sheet.
A bead of sealer should be applied to the first panei edge at this overiap. The second ponel
should be positioned, then secured in position as previously described. This procedure is followed
around the vessel until first course of panels is instolied.

"S" clips should be installed on the top edge of the bottom course of panels to support the next
course of panels. “S" clips should have sufficient length to provide 2 to 4 inches of overlap,
depending upon the ponel layout. A strip of insulation, of a width equal to that of the overlap,
must be removed from the bottom of the second course panel. The second course panel is

positioned with edges lined up with edges of the first course, then secured as previously described.

Special care should be taken that no studs go through both sheets of overlapping ends of two
courses of panels, as eoch course of panels must be free of other courses so as to provide a slip
expansion joint. Fastening sequence for additional courses is the same as described for the first
two courses. Fastening sequence and stud details are illustrated in Figure XVII-2.

Where welding is not permitted the panels must be secured to the vessel by strap. These panels
should be without factory=punched holes for studs. The first panel should be located and
positioned in the same manner as described in the welded stud secured section. [Insulation on
overlap edge (2 to 3 inches) shall be removed before the panel is installed. As each panel is
instalied o bead of lap sealer shall be placed between the overlapping faces of the aluminum.
Panels are to be held in position by temporary rubber or nylon bands until permanent straps

can be installed. The straps should be installed on 24-inch centers and at various intervals
sheet metal screws should be set below the straps, with heads slightly protruding to prevent
strap from slipping downward. Vessels over 12 feet in diameter should be strapped with expander
strap or with expansion springs installed in each strap. Where springs are used, a spring should
be installed in 30 ft of strap. Straps should be tightened to stretch each spring approximately 3
inches. The overlapped rib sections are to be joined together with sheet metal screws on
approximately 24-inch centers,

On vertical side wall panels “S" clips should be installed on 24-inch centers along top edge
of each course of panels to support the next course of panels. Two to four inches of insulation
should be removed from the bottom of second, and subsequent courses of panels to provide for
overlap. The second course should be positioned, with edges lined up with first course, and
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APPLICATION - SIDEWALL INSULATION - Contd

with the aluminum sheet supported by the "S" clips. A strap should be installed at each
horizontol overlap, positioned so s to ride behind the front leg of the "S" clip. Straps
at mid sections of the panel should be installed as previously described. The overlapped
rib sections ore joined together with sheet metul screws, but care must be taken that sheet
metal screws do not fasten two courses of panels together. Details of installation is shown

in Figure XVIl-4 and XVIi-7,

As mentioned, cutouts for manholes and nozzles should be located at the intersection of

two panels where panel arrangement makes this possible. Where it is necessary to cut out

to fit over a monhole or nozzle, the opening should be closed by one or two sections of

panel cut to fit around the nozzle or manhole. These sections should be sealed to the panel
facing and secured with sheet metal screws. Cutouts should be cut to fit tightly around base

pipe nozzle or the insulation cover on insulated nozzles or piping. The junction must be

sealed with mastic to prevent water entry. Details of the application are shown in Figure XVii-5.

Roof Application

As ribbed panels do not lend themselves for most roof or head applications, these are most
frequently insulated with rigid block insulation. On the cylindrical part at the junction of

a roof or head with the panel, the thickness of the rigid insulation should be increased to the
thickness of the panel insulation plus the depth of the ribs in the aluminum so that a metal
flashing can be instolled to shed water. This is shown in Figure XVii-3. The installation of the
rigid insulation is as described in Chapter Xlil - Rigid Insulation.

INSTALLATION OF SMOOTH JACKET PANELS TO VESSELS

Preporation

The preparation for installing smooth panels on vessels is similar to that of ribbed ponels except
that the dimensions for stud welding are different because battens strips are used on the vertical

_[oints, and that the panels are installed with the long dimension in vertical position.

Because it is necessary that battens be stud welded in position and roof or head insulation is
secured in position with welded pins and clips, this opplication is restricted to vessels to which
this welding is permitted as indicated in Figure XVII-6.
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INSTALLATION OF SMOOQOTH JACKET PANELS TO VESSELS - Contd

Preparation - Contd

The studs to attach the batten strips should be installed in vertical rows, spaced to circum-
ferential dimensions of 96 inches. The vertical spacing should be as follows:

First row - three inches above base or support.
Additional rows - as shown in Figure XVIil-7.
Top row - three inches from top angle or support.

These should be arronged to have centers of largest number of nozzles fall on edges or ends
of panels. Details of stud spacing is shown in Figure XVII-7.

APPLICATION - SIDEWALLS

Panels must be installed in a horizontal position so that their end edges are parallel with the
centerline of the vessel. If vessel foundation is sloped for drainage, where the panels abut
the vessel foundation, the bottom edge should be cut to slope off the foundation.

Where vessel is on a low pad where level of rain or drainage water can reach bottom edge
of panel, the fibrous glass insulation should be removed from the first course of panels to
an elevation greater than the highest expected water level. In no case should this be less
than nine inches. The stripped out fibrous glass insulation is replaced with cellular gless
insulation of the same thickness preformed to fit the shape of vessel.

The fibrous glass aluminum panels are to be positioned so that alternate rows of studs are
between ends of panels and other rows are at approximate centerline of the panel. The

first course of panels should rest on vessel base or foundation or on lower support ring. After
the panels are in position, they are impaled on the centerline studs. They are then secured
with grooved caps or nuts, depending upon the type of stud assembly. Insulation straps shall
be installed on a vertical spacing as shown in Figure XVIi-7. Insulation straps shall be in-
stalled on the batten and over the top of the bottom and second stud. Vessels 12 to 20 feet
in diameter should have one expansion spring installed in each band. Vessels over 20 ft in
diameter should have on expansion spring instalied at approximately 30 feet intervals. The
batten strip, over the first course, should be cut two inches less than the height of the top edge
of the panel, then should be installed by impaling it over the studs.

"S" clips shall be installed along the top edge of first course of panels to support the second
course. A clip should be placed four inches from each end, and three others should be spaced
equally from the end clips. Two inches of the fibrous glass insulation (which is not odhered to
the aluminum facing) should be removed from the bottom of each panel which is used on the

UCC 002935



mi s mmmnS e e em e o

e
TR

CHAPTER XVil

STANOARD »::Pcl;.écgoa TRAINING
SUELRL #® RLATC
_ APRIL 1970

APPLICATION OF PREFABRICATED PANEL INSULATION

MODERATE AND HIGH TEMPERATURE SERVICE

Thickness " T* a5 specified

« g prick fibrous glass panst insulati

i m¢ tace
e ted ttud oF pin
- e90; tiashing
1t of mastic

1=gis or plate welded
sontimuously to vessel ——

Tznel imsulation

Ziuminum facing

Insdotion Securemant at Vessel Top and Sidewal] Intersection

Incombustibie adhesive

Welded pirs with speed clips

(Sect. VII.A.22)
Fibrous glass block Insulation

. Vessel roof
Vessel wall

Figure XVIi-6

7 Welded o
,// o4 _
—~ 1 = Batten sitip Strop
L
H 2
~
%
5 , |
-t 2 6" £
& N ‘ (Clrcumferential dimension of metoi facing) |} ) 4 . S
z .2 py
3 " f 3
5 N——Stud : é X
s e Bartten strip _E
R = 5" eligs ; :
2 — ——4-————;—._(4_:_ ______ o) _
- oy —
= ® Vesel woll
== Exparsion springs
h E 1 rops > 4 Facing
- ey *s* clip
- : Stro
al 4, Stud fostener . p
- ~ Faci
) =“'§.r =
3 73 N—Mastic seol Base 4 Section A=A
3

Apolication of Fibrous Glass = Aluminum Foced Panels to Vessel Wall

Figure XVII-7
UCC 002936



(=~ el el el e el el e e R GERR eI Mmem SRS RN Ay

P-140

IO STANDARD PIPING -DETAIL
(o -121: 2101 cupmcans anp PLASTICS OPERATIONS Divisi 6-15-67
AND UIDN CARBIDE CAMADA LWaiTED
STEAM TRACING SYSTEM DETAILS AND MATERIALS
- Sromm tomdline - Fraser Flow m
Ipips)

o~ Stvap, clomp, or wim
1 ymced o 1'~0 max.

Stenm trecer

(nbing)

Sheam cendenacte

line {pipe)

Provide wrainer only

whan specified on
sear Hocing drow.

ELEVATION OF TYPICAL STRAIGHT RUN

e

Stvep, clowp, o wirne
spoced ot V'=b max.

Teocer Flow

T o /7]
$in, CXond{ In. GA T
{not required |f condensste — A
dralns 10 open b o ground) Eﬂirr‘
r Suewm condonsate %
.‘._u:m R 1o (pipme) ——aec=s] g
Neader Provide wvwines only
whan 2pecified on _.‘,,v
shaam trocing deowling

Tracer flow
——

%i‘

line (pipa}

;——-‘h.c‘uﬁ*‘n. GA
v, (net required If condensere
! .\‘dmluuop-Mch)

BLIVATION OF POCKET (N VERTICAL RUN

7 S Verties) brench in
harizordal line

g ;éi In. GA ===tpe— Strap, clomp, ar wire
Sraom feed ot e V'

Te trop

Stoem
foad Hine (pips}

!

I .
|

4

1/3-tn. GA

—w“m hogder
Provide streiner ard axtro . CK and § In; GA

_volve anly when specified
@ steam tracing N

RLEVATION OF VERTICAL BRANCH IN MORIZONTAL LINE

N
N
7
o

J{ Tocar How

Strop, ciamp, ar wire
- /-Qsdnﬂ*-dnu.
]
7 1!

1
—19-1 trocar (nbing)

N ‘ » Whers traces hs doubled
bock, heot tronsiar

L J oemant thail ba applled

o ane run enly,

{wot required H canderate
dmins ro epen b & groved)

(ol bends on AN
horizarval plane)
. All firrings (wnions, tem, efc) in trocens
Vrocer wire paotic heat . thall be breught outride of vagutor baaie~
Proces () oraier convant Strop, clamp, or wire Hon and insvioted as thown (except when
. wpaced ot 1'~4 mox ; eoflactive inmdation is vied),
}
B, .
B \ /
8 B
Use Toble | Use Tobte | Use Tabla |1 Use Teble 11
For dimersians. for dimersion for dimmmiors fonr dlamnslons Sseam frocee fubing
Sroam Trocer Wired Maic Comented Inaulated From Emulyion Camert~ {alt bords on BAN
Olrectly 10 Fipe Wirad to Pipe Pipe by Spucans Wired to Pipe NOTE: horizontal plane)
NOTE: )
Retor o $0d PoT4A SUPPORTS ATTACHED TO MROCESS PiPe Units contalning bines with high Frsazing poines sholl be rermed Spacia! Resuirement .
for Tobbes 3, W ord 1. DETALS OF STEAM Ek_ATIACHMEN (:».-.n:I for thin JJ"&Z’L’LN - :‘.:’:: ::: u-;ﬁcmw ’
Uniew otharwite Indicosed, oll di siven In Inches. PAGE |

g

Comenred

@To trap
Spaced
Trocer Trocer

SECTION A-A

Send tracer Wbing s required
ta clear hanger (aft berds on
horizantol pione)

VP77 7777 %

naM

Sirap, clomp, or wite
1poced ot 196 mom, e

]

N //

Use Toble I Use Tobte 11
For dimansiors For dimmraiony

Nj|=
L RS

SUPPORTED ON INSULATION

UCC 002937



cumogE STANDARD P-140
ARBI owacaLs
: e e L e brvesmw PIPING “DETAIL

All aluminum tubing tracers shall be insulated from

Round off alf sharp comers
system compouents of other materials by Inserting a

/8
1-1/2 stainless steel tor at all points where the alumi-
916 pumn tubing 18 1o p ts of other matsrisia.
© ﬁé” Shop-fabricated piping that ia to be steam traced ahall
=o====4H 3| % \ be supported as shown or specified on the piping draw-
——————— = ings. Field-fabricated piping that i3 to be steamtraced,

and for which supports are not detalled on the piping
drawings, shail be supported in accordance with Stand-
SPACER ards P-T7T or P-81, or as otherwise neceasitated by job

conditions. Lines less than 3/4-in. OD may be supported
KOTE: by cradles as shownon Standard P-82. Except for lines
less than 3/4-in. OD, methods of support that would
impose a load on the isulation or tracer shall not be

Z Form from galvanized
steel sheet or strip

Size of tracer (3/8-1n. OD or §/8-in. OD), material of

tracer (copper, stainless steel, or aluminum), and type
of tracing system {spaced or cemented) shall be as spec-
tiled on the steam tracing drawings. Nominal size,
thickness, and specification of insulation for traced
line shall be as specified In the insulation scheduls.
Insulation for stsam supply and condensate lines that

used.

Steam tracer tubing shall extend beyond pipe insulation
only far enough to make feed and condensate line con-
nections, Fiitings shall be used only at beginning and
end of tracer,, at branches, and at ends of standard

do not have line numbers shall be as specified on the
steam tracing drawings.

All steam tracing is shown diagrammatically oo steam

lengths of tubing. Changes in direction shall be made
by bending the tubing. Tracer tubing shall be installed
parallel to, and alongthe top of the line being traced.

tracing drawings with symbols having the following REFERENCES:
meanings: . )
Stean Tracing System ——

L P U e W | .

Steam Tracer Ingulation Sizes and Assembly

Dimensions . . . . . . . . . .+ . . Std P-140A
Steam Feed Spaced TracerData. . . . . . . . . . Std P-141
........ Std P-142
: X X —>— Stegm C nagte Cemented Tracsr Data 1

*Dd not use alumibum tubing at direction changes of 90
gdegrees or more. Where such changes occur at intervals
of 20 feet or less, use stainless steel throughout. For
intervals greater. than 20 feet, make the direction change
withetainless steel tubing, and use & stzinless steel tub-
ing union with ag aluminum sleeve-ateach joint, installed

(€] connector (or coupling) 1/2-in. IPS to OD Tubs

Union Tee for OD Tube

Steam Trap a0 that aluminum connects to aluminum.
MATERIALS FOR STEAM TRACING SYSTEMS
ITEM COPPER STAINLESS STEEL ALUMINUM=*
Tracer Tubing ASTM B8S Type L annealed copper tube |[ASTM A269 TP304 Stainieas Steel tubs | 5050-0 Aluminum Alloy, Alcca "Utili-

for use in steam service. Flaring Teat | tube", or approved equal, (3/8-in. OD
[{Section 8) is required and good bending | x .035-in. thk or 5/8-in. OD x .049-in/
properties are necessary. (3/8-in. or thig
5/8-in. OD x .035-in. thk)

in 60-ft coils (3/8-in, OD x .030-in.
thk, or 5/8-in, OD x .040-1n, thk)

Brass, Ferrule-type with cutting edge. jAISI Type 316 Stainleas Steel, Ferrule- | Ferrule-type with cutting edge

Fittings for Tracer
(imperial Hi-Seal”, Crawford "Swage- jtype with cutting edge. (Imperisl (Imperial "Hi-Seal", Crawford ""Swage-

(Connectors, Unions,

Teen, ete) lok"”, or approved equal.) "Hi-Seal”, Crawford "Swagelok", lok", Parker “Ferrulok”, or approved
Parker "Ferruiok”, or approved equal) | equal)., Conbectors (IPS to OD) shall
be AISI Type 316 stainless sicel, all
other fitings shall be aluminum alloy,
Spacers Per this Standard Per thia Standard Per this Standard
Strape 1/2-in. wide x .020-tn. thk soft annealed stainless steel (any 18-8 type) straps 1/2-in. wide x , 034-1n, thk aluminum
with double pronged clips. alioy straps with doubls pronged clips.
i
Steam Trape Size, manufacturer and model number as specified on ateam tracing drawings.

Steam Supply Header
and Feed Lines, and
Steam Condensate Llnesh

Valve and Piping Specification as called for on steam tracing drawings.

Heat Transfer Cement g Thermon Manufacturing Company, Houston, Texas, or appraved equal.

PAGE 2
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APPLICATION OF PREFABRICATED PANEL INSULATION
MODERATE AND HIGH TEMPERATURE SERVICE

APPLICATION - SIDEWALLS - Contd

second and successive courses. This provides for two inches overlap of facing. The second
and subsequent courses shall be installed in same manner as first course. Details of stud
layout and panel instatlation are shown in Figure XVIi-7 and XV1i-8.

Cutouts for manhales and nozzles should, wherever possible, be located at the intersection

of two panels. Where it is necessary to cut out a panel to fit around o nozzle, the opening
should be closed up by one or two sections of panel cut to fit around the nozzle, then sealed
to panel facing with non-setting sealer and secured in place with sheet metal screws. All
cutouts should be cut to fit around the bare nozzle, or around the insulation cover of insulated
nozzles or flanges. Junction shall be sealed with caulking mastic. Details of application

are shown in Figure XVII-9.

Roof Application

The roof insulation consists of two layers of fibrous glass insulation installed in broken joint
construction.

If vessels have a maximum operating temperature below 220F the roof is insulated with roof
panels as received. If vessel has a maximum temperoture above 250F the roof panels used
on the first layer shall have the wrap around weather-barrier at edges of panels field
trimmed from the board before the board is installed.

The first layer of fibrous glass should be full specified thickness. [t should be impaled on pins
welded to the vessel roof. These pins should be located faur inches from the edges and corners

of the insulation, using no less than three pins on each of the sides and the ends. After insula-
tion is impal ed, it should be secured tightly to vessel roof by pin clips forced on the welded pins.

The outer "cap" layer of one-half inch thick fibrous glass roof insulation shall be instalied in
broken joint construction by embedding it in non-combustible adhesive spreod over first layer
of insulation at o uniform rate of two and one-half gallons per 100 square feet. On roofs with
curvature such that top insulation does not bed firmly with the first layer, it may be necessary
to cut through the asphalt cap sheet in straight lines to allow insulation board to bend. Joints
must be tightly butted. The joints and cuts in the cap sheet should be covered with roof tape
embedded in adhesive. Tape end joints should be lapped @ minimum of four inches.

The insulation on the roof and side wall must be carefully flashed to prevent entry of water. The
edge of exposed cut roof insulation where it extends over the side walls should be flashed with
formed aluminum sheet to fit the circumference and curvature of the roof. Drip leg shall extend
a minimum of one inch below shed angle or plate. It should extend a minimum of six inches up
over the roof insulation. This flashing is impaled on studs then secured in position with caps or
nuts. The junction of the flashing with underside of shell angle or plate should be caulked with
caulking mastic. Tape embedded in adhesive shall be applied over junction of insulation and
edge flashing.

UCC 002939
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APPLICATION OF PREFABRICATED PANEL INSULATION
MODERATE AND HIGH TEMPERATURE SERVICE

APPLICATION - SIDEWALLS - Contd

Roof Application - Contd

The roof insulation should be covered with weather-barrier mastic reinforced with Dynel
fabric as described in Chapter XXI - "Weather-Barriers. "

UCC 002941
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APPLICATION OF PREFABRICATED REFLECTIVE INSULATION
MODERATE AND HIGH TEMPERATURE SERVICE

GENERAL

Reflective insulation is thermal insulation which depends for its efficacy largely on reduction
of radiant heat transfer across its thickness by use of surfaces of high reflectance and low
emittance. The insulation is composed of units containing heat reflective sheets separated

by low conductive supports, end enclosures, and outer casing arranged to form isolated gos
(air) chambers between the sheets and the end closures. Although reflective insulation is

used in aopplications, particularly buildings, where the sheets are field cut and erected,

the application discussed here will be restricted to factory prefabricated panels, pipe covering,
ond fitting covers. Flat and curved panel reflective insulation for equipment is shown in
Figure XVIII-1, and pipe insulation and typical fitting insulation are shown in Figure XVili-2.

APPLICATION OF PREFABRICATED REFLECTIVE INSULATION

Supports and Securement

Reflective insulation is furnished in prefabricated units to be installed by straps and clips,
hinges and snap-lock, buckles, and occasionally by sheet metal screws. The buckle~secured
insulation is most often used where fost removal ond replacement of the insulation is o require-
ment of the installation. Insulation support rings shall be installed in accordance with
manufacturer's requirements. Insulation supports should be checked to determine that they are
in accordance with the drawings.

Surface Preparation

Susf aces of equipment to be insuloted must be clean, protective requirement is same as listed
in Chapter X111, Rigid Insulation High Temperature Service.

Because this insulation is custom-made to fit the vessel or the piping system, the opplicator

should familiarize himself with the drawings and installation instructions prior to starting erection.

The sequence of application of the custom-made insulation units is of prime importance. If the
installation is started with the wrong unit, it is likely thot the final assemblies connot be jn-
stalled as designed. In general, installation is storted of the bottom of pipe or vessel and pro-
ceeds upward. The monufacturer provides a drawing showing each insulation unit and its
identification mark number plus packaging list identifying units in each shipment. Also, the
manufacturer furnishes installation instructions which provide the installation sequence by
insulation unit mark numbers.

UCC 002942
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Flat Panel

Figure XVili-1
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Figure XVI]l-2
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APPLICATION OF PREFABRICATED REFLECTIVE INSULATION
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APPLICATION OF PREFABRICATED REFLECTIVE INSULATION - Contd

Application of Insulation

The panels for curved equipment surfaces should be applied with edges and ends closely abutted
and with outer casing laps, or trim strips arranged to shed water.

Where stoinless steel straps are provided for securement, strap supports are installed on the
panels {by the manufacturer) Yo position the straps. Straps should be installed to

draw up the cylindrical panels snug but care should be taken not to tension the band too
tight and cause deformation of the panel.

Where stainless steel screws are provided for the securement, the screws should fit the two screw
holes provided by the manufacturer. The proper screws and lock washers are provided by the
manufacturer. As the panels are erected the screws should be pulled snug, but not tight.

After the entire assembly is compiete then all screws should be tightened.

Fast removal insulation should be placed in position and secured in position by fastening the
buckle.

A typicol installation using strap ond screws is shown in Figure XVIii-3.

Fast removal and replacement insulation cover for vessel is shown in Figure XVIHi-4.

Piping

The installation and sequence of installation instructions furnished by the manufacturer must

be followed so that all pieces fit together as designed. A typical sketch showing sequence of
installation is shown in Figure XVI1i-5,

Insulation supports, where required, should be located as indicated on the manufacturers’ sketches.
The insulation should be applied with the overlapping end of each section placed over the flush
separator end of abutting section. The extended longitudinal edges of each section shal! be
lapped over flush edges of opposing half section so that all joints are tightly butted. In general,

these lapped edges of the outer shell shall be placed so as to shed water.

The fittings, flanges, valves, and bent piping.should be insulated in @ manner similar to that

for straight piping. The fitting covers should be applied with telescoping joint connections to
the adjacent piping.

UCC 002945
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APPLICATION OF PREFABRICATED REFLECTIVE INSULATION - Contd

Piping - Contd

The securement of the insulation should be by strap, snap-lock, buckles, or screws, depending
upon service requirements. During opplication and securement, care should be taken to pre-

vent crushing or other abuses fo the insulation.

Where any field cutting or fitting around supports or nozzles is required, the fitting should be
clean, neat, and tight with a closure installed to provide seal of the individual air chambers

in the insulation.

Provision should be mode in the assembly of the insulation of the units to allow for expansion
and contraction of the surfaces insulated without damage to the insulation. Screws should not
be used to secure telescoping sections together where the movement between the adjacent sections

is needed for allowance of expansion and contraction.

Where equipment ‘or piping is located outdoors, or where otherwise required, joints or openings
in outer shell of insulation shall be fiashed to form a water shed.

A completed installation of reflective insulated piping is shown in Figure XVII1-6.
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APPLICATION OF SPRAYED ASBESTOS
HIGH TEMPERATURE SERVICE

GENERAL

Asbestos insulation for spraying is a mixture of asbestos fibers and inorganic binders supplied
in dry bulk form. The insulation is packaged in bags.

Application fo the surfaces is by spray apparatus which pneumatically delivers the dry blend
through a hose to a spray gun where the asbestos and binders are mixed with a fine water spray
before it strikes the surface to which it adheres. To obtain a good application of sprayed
asbestos insulation one must have a complete understanding of the spray machine and the proper

application techniques.

APPLICATION OF SPRAYED ASBESTOS INSULATION

Supports

Supports and securements are necessary for large surfaces and for insulation over two inches

in applied thickness. The insulator should inspect the surfaces to be insulated to assure himself
that all eylindrical vessels over 24 inches in diameter, square ducts and equipment to be in-
sulated with two inches or greater thickness have 10 gage pins welded to the surfaces to be
insulated. These pins should be spaced 18 inches on center on sides and 12 inches on centers
on bottom surfaces and edges, as illustrated in Figure XIX-1. The sides and bottom of vessels
and equipment, such as turbine casings, insulated with 2-1/2 inches thickness and over should
have split pins welded 18 inches on centers on sides, 12 inch centers on bottom with additional
pins around the edges on 12 inch centers for attachment of wires for fastening of hexagonal
wire netting. This is shown in Figure XIX-2.

If the insulation on the side walls of vessels or equipment does not extend down to base of vessel,
an angle or flat bar with an outstanding leg equal to that of the thickness of the insulation should
be welded around the base of the vessel to provide a termination and water seal barrier at the
bottom.

Surface Preparation

Surfaces to be insulated must be clean and where protective coating is required, the coating
should be dry, before the installation is started.

As adhesion to the surface is of paramount importance, the insulator should assure himself that
the sprayed asbestos insulation will bond with the coating on the metal surface. An applied test
patch is recommended. Should there be any question as to the ability of the coating to with-
stand the temperature to which it will be subjected, such question should be referred back to
the Engineering Group for decision. It should be pointed out that where metal is coated or
painted, if the coating or paint fails then the bond between the sprayed insulation and the
metal surface is fost.
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Split pirs, or 10 goge welding pins
with speed clips

Wire netting

Weather barries, os specified

Applicotion of Sprayed Asbestes Insulation to Steam Turbine

Figure XIX-]

Stiffener

10 gogo welding pins, or split pins,
with washer or clip fasteners,
staggered on 12-in. centers for
verticel ond bottom surfoces,

Duct

Comer bead

Sprayed insulotion

o= Wire netting ———e—em ‘/
Finishing cement _ Tooled groove

Comer Detail Detoll ot Stiffener

Application of Sprayed Asbestos Insufation to Ducts

Figure XiX-2
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APPLICATION OF SPRAYED ASBESTOS
FHIGH TEMPERATURE SERVICE

APPLICATION OF SPRAYED ASBESTOS INSULATION - Contd

Operation of the Spray Machine

The machine serves to transfer the fiber mixture from the hopper to gun nozzle where it is
mixed with water spray before it strikes surface being insulated. A typical spray machine
and list of parts are shown in Figures XIX-3 and XIX-4,

The basic components of the machine are:

1. Hopper to hold the fiber mixture.

2. Avutomatic Feeder o control the fiber mixture flow.

3. Cording Brushes, which comb out the fibers just before they enter the
impeller chute.

4. Fiber Impeller System, which pushes the fiber mixture through the blowing
hose at required speed and density.

The machine functions as follows:

The fiber mixture in the hopper is fed to a screw conveyor which carries the mixture to

the carding brushes which comb out the fibers and drop them into the impeller chute. The
fibrous mixture is picked up by the impeller and carried by air through the blowing hose
where, after leaving the spray gun, is wetted in mid-air with atomized water. The wet
mix material is deposited in wet form on the surface being insulated. The amount deposited
depends upon the insulation mechanic handling the spray gun.

Before starting application an inspection should be made of the machine to determine if it is in
good operating condition and is properly connected with air, water and electric power. The

inspection procedure should be as follows:

1. Inspect the spray gun to see that all three valves are operating properly. Disassemble
and repack with water pump grease when necessary .

2. Make sure the air and fluid hose connecl’iqns; are secure and not broken.
3. Check to see whether there are any breaks in the air, fiber and fluid hoses.

4. Check the voltage in the machine to make sure that the machine is wired to
coincide with the voltage supplied.

UCC 002953



—me [ . L - a 1 [ S Ce | S __ | S | 3  § [ 8

CHAPTER XIX

| N, [ T, [ e —
MOIA BpIg MIIA PUl
- ainbi : Wdl S041 34309
ﬁNu £-XIX 4 ® ® ® ) ® ® sduse NIQR & # SZ/STT dH i
< HOLOW DI41013
Z
< ’ ° °
= MOILA PU3 ey
o = I i SR ! D
0 o N
T m ] _tlr\~ @\
235 ._
=W g : n
a0 ; :
<<% .
o A 2 1:09 NOILVH (®)
. \ ) HY3D BNIINOIY TS S
;| o ]
\ | ©
> \
dac a2 = e, il F
_._,47\(%\—\#“ \ vl\\c.\\l@
AL I .. N
rih _J.“»_ 1
N A."r:._....x\»mv \ [~
2 LIN T BN
) Ao N
v NI \
’ [ \
’ lh n' \

es0g . % 121 NSB O 19%204d5 "9
er0019) 1 Aoiind "S1
saA00I ¢ Aejing ‘¢ I
«1 Buueag g1
~%% Buueag 21
1-09 4va9 3udNpay "1
WdY 0SYE DAD 09
sdwy §'G/ Tt AOEZ/STT dH 14010 3113213 "0
WdY 5241 0AD 09
sdwy 0'v/0'8AOEZ/STT dH % J0loW 2112813
199YM 19158D) °

YIUMS Iy 827
3n14 suy Jemad 1 seyIMG-jeued ‘L2

9108 T Mt ‘210G . % ME ‘2109 ., 9 Mp—10110D YeysS ‘97
1IN0 9 J9)j0dwi 1aq14 ‘1amolg ‘G2 6

(Weys .T/21001D ypm ysnig 1) Buoy £ x 'e1q ..g ysmig ‘$2 2
Bu0} . YAST X €10 . % Yeus ‘€2 prays 4

8U0T.GE xRQ .1 Yeus T2 soieuBy a8 °9

8u07 .£2 49paaj Maadg 12 . S

¥

STANDARD
OwSCALS MO PLASTICY

Pf
Ay jlews
Bu01 .2 21091 x..% Bundnoy o2 A .ouuw_oﬁ_wuum ’
» .
o.om..\m»vw xmmov.uxuo..nmmﬂ /
@

19ddoy S0152Q8Y ‘€
aiog ., % 121 NSQ Ov 19%201dg “BY o:.E..w yum ued 'z
o108 .. % 1b2 SA Ov 19420.d8 ‘4 T & swely |

2o
Oz
>
S5«<
o

€ @ @
ID1AYIS I¥NLYIIIWIL HOIH
SOL15385V QIAVU4S 4O NOILYIIddY

auoepw L-H-1IsI1 sked

UCC 002954



e e B e |

(™S N padl gl NS S I e fEaS M e

'“.

CHAPTER XIX

APPLICATOR TRAINING

UNION STANDARD PAGE 349
CARBIDE [JEEAEatpang APRIL 1970

[P, S L omeen e — .. s T T S I

APPLICATION OF SPRAYED ASBESTOS
IGH T RE SERV]

SPRAY GUM

29. Spray Gun Head

30. Water Line Connection & Control Valve
31. 244" Fiber Blowing Hose

32. Air Controf Vaive for Air Switch No. 28
33. Air Supply Connection

34, Atomizing Air Valve

Figure XIX-4
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APPLICATION OF SPRAYED ASBESTOS
HIGH TEMPERATURE SERVICE

APPLICATION OF SPRAYED ASBESTOS INSULATION - Contd

Operation of the Spray Machine ~ Contd

5. Inspect the brushes, and impeller to see they are not excessively worn.
6. Check machine while empty to see that ail moving parts are functioning properly.
This can be done by pressing the master switch starting up the blower mechanism and

then turning on the test feed switch which starts the feed mechanism. However, machine
should be run only a short period of time when air is not on.

7. The /4" air hose should be connected to the air switch to test the switch for
proper function, '

8. Moving parts should be lubricated as noted on Maintenance Instruction Sheet.

Connecting the Machine to Required Services

Air is required at a volume of at least 5.5 C.F.M. ot 60 psi. This can be obtained
by the use of plant air or an air compressor. Air supply must be supplied with an air
filter and pressure regulator. The air supply hose is connected to air connection on
spray gun and the air line from gun is connected to the air switch located on the
panel. The air is turned on and the regulator adjusted to 40 psi.

Water is required at a delivery rate of at least 0.5 galfon per minute. The water supply
must be supplied with fluid filter and pressure regulator. The water hose is connected
to water supply connection. The water is turned on and the regulator adjusted to

25 to 30 psi.

Electricity may be either 115 or 230 volts as machine is equipped for both voltages.
Electric supply cord is attached to proper voltage connection. However, care must be
exercised to see that correct voltage is supplied to the machine. Low voltage will
damage the electrical system. Where question exists, an electrician should be called
in to test the voltage supplied to the machine.

Fiber Hose is connected to the machine, where it is secured in place by tie wire, and
to spray gun at other end, |
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APPLICATION OF SPRAYED ASBESTOS
HIGH TEMPERATUR C

APPLICATION OF SPRAYED ASBESTOS INSULATION - Contd

Operation of the Machine:

1. The hopper of the machine is filled with the fiber mixture. It should not be
pushed or tamped causing a compression of the mixture.

2. The machine is activated by pushing the master switch to "ON" position.
3. The air supply is turned on to atomize the water.

4. At the gun, the water valve is turned on. The spray pattern of water should be
even and smooth.

5. Also at the gun, the air feed switch is turned in counter-clockwise direction. This
starts the fiber flow.

Spraying of Fiber

The fibrous insulation is sproyed by the operator onto the surface to be insulated. The build
up in insulation thickness is controlled by the operators use of the gun. The operator should
hold the gun at least 12 inches from the surface being insulated. The optimum distance is
opproximately 18 inches. The insulation should be sproyed on ot an angle between 40 to 40
degrees. Spray angle should not be perpendicular to the surface. Proper quantity and atom~
ization of water to make the applied insulation demp is essential to obtain good consolidation
of the insulation and to give it good surface adhesion. The operator and those in immediate
spray area should wear masks capable of removing asbestos particles from the air.

Vessels and Equipment Details

When a vessel is on a low pad where the level of rain or drainage water can reach the bottom
of the insulation, a course of water repelient insulation, preformed to the diameter of the
vessel , and of specified thickness, shall be installed 1o an elevation greater than the highest
expected water level. In no case shall this be less than nine inches. On vessels below 212F,
cellular glass shall be used as the water repellent insulation and on vessel above 250F expanded
sitica insulation shall be used.

Thickness up to one and one-half inches should be applied in sufficient quantity so that, when
consolidated to specified thickness, the density of the insulation, after drying, will be between
8 and 13 Ibs. per cubic foot. Consolidation is accomplished by tamping the sprayed insulation
with flat trowels or other flat surface. Where necessary to consolidate the insulation where pins
project, the use of 1/2~inch thick organic rigid insulation fastened to board will allow pin to

penetrate the organic foam which presses the domp fibrous mixture down around the pin.
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APPLICATION OF SPRAYED ASBESTOS
HIGH TEMPERATURE SERVICE

APPLICATION OF SPRAYED ASBESTOS INSULATION - Contd

‘/essels and Equipment Detoils - Contd

When insulation exceeds 1-1/2 inches in thickness the sprayed insulation shall be applied in
two layers. First layer should be applied and consolidated with edge of flat trowel, forming

a criss=cross pattern, to 55 percent of its applied thickness. The split pins used for reinforce-
ment should be pulled apart to form a V prior to application of second layer. The last layer

is applied as described for single layer application. This last layer must be applied within 30
minutes of the application of the first layer. This is shown in Figure XIX-1.

On the top heads of vertical vessels and the top quadront of horizontal cylindrical vessels
*he sprayed insulation should be consolidated to approximate 20 Ib. density, when dry, so
that its compressive strength is sufficient to permit it to be walked upon without mechanical
damage.

The reinforcing of the insulation should be 4 by 4 inch squares of hardware cloth inserted over
+he pin and pressed into the surface of the insulation for a distance of 1/4 inch. A speedclip
should be forced over the pin and pressed down to firmly secure the hardware cloth in position.
9in should then be clipped off so its top will be lower than the finished insulation surface.
Fibrous insulation should then be troweled over the hardware cloth, flush with adjacent sur-
faces. Application is shown in Figure XI1X-5. '

APPLICATION OF INSULATION TO FLANGES AND FLANGE BOLTS

Flange bolts or studs should be wrapped with asbestos paper secured in position with stainless
steel wire. The space between the bolts or studs should be packed with dry asbestos fiber.

The sprayed insulation should be applied with a taper inward to vessel surface at the flange.
Over these tapered edges asbestos paper should be installed, adhered to the insulation with
asbestos paper adhesive. The asbestos paper should then be applied over the entire bolt and
flange area to the tapered insulation asbestos paper. Sprayed insulation should then be installed
as described in preceding section. This application is shown in Figure XIX-6.

Finish

Where the insulation is to be covered with metal jocket it requires no finish cement.

Where the insulation is to be covered with fabric reinforced mastic it should be covered with a
hard finish cement sprayed or troweled to a thickness of 1/4 inch over hexagonal wire mesh.
This cement is to be scored with a cement finisher's tool in squares approximately 4 feet by

4 inches to allow for expansion and contraction. It is important that scoring is through the
cement finish to the surface of the sprayed fibrous insulation.
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APPLICATION OF INSULATION TO FLANGES AND FLANGE BOLTS

Figure XIX-6
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APPLICATION OF SPRAYED URETHANE
MODERATE TEMPERATURE SERVICE

Sprayed urethane insulation is supplied as two liquids: the resin component and the activator
component. These, when mixed together in equal proportions, expand to approximately thirty
times their original volume due to generation of gas filled cells entrapped in the mixture.

Application to the surfaces to be insulated is by spray equipment which delivers the two
components to the gun in proper proportions, at which point the two liquids are mixed to-
gether and sprayed on the surface. The liquid on the surface expands to foom the thermal

insulation.

APPLICATION OF SPRAYED URETHANE

Preparation of Surfaces To Be Insulated

Surfaces to be insulated must be clean, and where coating is required, the coating must be
completely dry before application is started.

Unpainted carbon steel should be cleaned of rust, mill scale, dirt, grease or other contomina-
tions.

if steel is painted with long oil red lead primers or long oil oleoresinous paints the urethane may
cause softening of the paint with resultant poor bonding of the sprayed insulation. When such is
suspected, a test patch should be installed and inspected prior to sproy application of the vessel
or equipment. Most other paint systems are compotible with the urethane if they are fully dry
and free of dirt, grease and oil.

Stainless steel surfaces should be coated with Thermalox No. 70 in accordance with UCC Coating
Manual prior to application of urethane foam. This coating must be completely dry before installa-
tion is started. '

Heavy aluminum may be coated with sprayed urethane provided it is clean. However, thin
gage oluminum (less than 1/16" thick) requires special coating treatment before application of
the urethane foam insulation.

Copper and brass need no special surface treatment other than that they be clean and dry.

Protection of Surfaces Not To Be Insulated

Urethane spray, like all sprayed liquids, has a certain amount of drift and rebound particles
which drift in the air from the point of spraying. For this reason areas not to be insulated must
be protected from these drift particles which have excellent adhesion to surfaces in which they
come in contact.
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APPLICATION OF SPRAYED URETHANE
MODERATE TEMPERATURE SERVICE

APPLICATION OF SPRAYED URETHANE - Contd

Protection of Surfaces Not To Be Insulated = Contd

All flanges, manholes and all other surfaces on the vessel not to be insulated should be wrapped
with suitable coverings and secured in place with suitable wire or tape. This covering is removed
ofter the application of the sproyed insulation. Instruments ond all other areas which ore to be
kept free of insulation or overspray should be protected in like monner. Piping and equipment
within 25 feet of spraying operation should be covered or screened for protection from over-
spray or drift.

Material
The urethane liquid and the activator liquid should be of the UCC type as specified.

EQUIPMENT AND ITS OPERATION

Application of Sprayed Urethane Insulation

Whenever possible, spraying should be done when ambient air temperature is above 50F, in dry
weather, at moderate relative humidity conditions and when wind velocity is less than 15 mph.
Wind shields should be used if wind velocities exceed 15 mph. For best results the temperature
of the surfoce being insulated should be between 70F and 120F. When ambient air temperature
is less than 50F the feed tanks and the hose to spray gun should be heoted.

Generally, the spray gun should be held approximately 36 inches from the surfoce being coated.
Surface ripples will occur when gun is held too close to the surface, when gun movement is too
slow for the speed of foam rise, or when spray material throughput is too high. The liquid should
be sprayed onto the surface using o 50 percent overiap pattern and fast aim movement. To obtain
even distribution of film requires gun triggering and feathering on the overlap.

Operation of Pumps and Spray Gun

1. Equipment Required

The proportioning pump should consist of an air motor and two volume balanced cylinders
to insure on accurate 1:1 ratio. The air motor should have sufficient capacity to insure
adequate air pressure to atomize the materials properly.

UCC 002962
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APPLICATION OF SPRAYED URETHANE
MODERATE TEMPERATURE SERVICE

EQUIPMENT AND ITS OPERATION - Contd

Operation of Pumps and Spray Gun - Contd

1. Equipment Required - Contd

The feed system should be defined in terms of size of material supply containers, either
5-gallon pail feed or 55-gallon drum feed. If a gravity feed system is used, the supply
drums should be elevated to insure positive flow. If the feed pumps are to be used, the
distance from the supply drum to the proportioning pump will influence feed pump selec-
tion. Longer distances require higher pressure pumps.

The feed pump used on the "A" or isocyanate side should be divorced above the bung to
prevent moisture contaminating the material.

The heating system should include high pressure heaters copable of handling 3/4 gpm of
each material at normal operating temperatures of 100-110 . The desired material tempera-
ture may vary between foom systems. Insulated hoses equipped with a heating wire or tape
should be specified to maintain the material temperoture at the gun. The length of hose
required will vary depending on the type of application.

Spray gun should be an internal mix airless spray gun for best results. The gun should be
capable of delivering 10-12 lbs. per minute of mixed materials. The gun should be easily
flushed and be of o design to permit quick and easy disassembly. Check valves should be
included on both material inlet ports to prevent materials from crossing over to one another.

Solvent pump should be constructed of materials which are resistant to the common solvents
used, such as methylene chloride and butyl cellusolve. Pump packings should be Teflon.

A nitrogen pressurization kit should be included to supply a nitrogen head to both material
supply drums. This will prevent loss of the blowing agent on the "B" side and mois ture
contamination of the "A" side. A pressure relief valve should be included to prevent over-
pressurization,

if the unit is to be used for spraying outdoors at ambient temperature below 50F, a freon
injector should be included. This is necessary to get good quality foom at low temperatures.
This device adds an additional blowing agent, normaily UCON or equivalent, to the "B"
side. This is necessary because Freon 11 or equivalent, the normal blowing agent contained
on the "B" side, turns from a liquid to a gas at 75F. At ambient temperatures below 50F,
additional freon is required to initiate the foaming action.
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EQUIPMENT AND [TS OPERATION - Contd

Operation of Pumps and Spray Gun - Contd

2.

Operating Instructions

The first step in installing the machine is to hook up the air supply hose from the compressor.
Twenty CFM is required and 1/2" air hose should be used.

Solvent should be pumped through the system to clean out the oil and to check for leaks.
The solvent pump itself should be checked for leaks.

The check valves on the static mix gun inlet parts should be checked to insure that they

seat properly. This can be done by first connecting the solvent hose to one material intet
port and turning the gun to spray position. Start the solvent pump and spray solvent. Check
for leckage ot the other material port. Repect this procedure with the other material inlet.

Protective clothing should be worn, including goggles. [f the spraying is being done in-
doors, on air mask or respirator should be used. If isocyanate gets on your skin, wash
immediotely.

The inbound air pressure on the proportioning pump should be set at 40 psi ond adjusted
upward depending on the tip being used, the outpul desired, etc. The maximum limit
is 120 psi.

The heaters should be set at mid-range initially and adjusted from there, depending on the
spraying temperature recommended by the material supply. The heaters should be allowed
to warm up for approximately 20 minutes prior to spraying.

We are now ready fo begin spraying. The substrate being sprayed on should be dry and free
of drit and grease. Any rust or foreign matter should be removed by wire brushing or
sandblasting. Foom can be applied directly to wood or clean steel surfaces. |t should not
be applied directly to untreated oluminum surfaces.

Foam should not be sprayed outdoors if the wind velocity is more than 15 mph. High winds
will result in overspray, which can cause contamination on painted surfaces or glass windows
in the area. Parked carsare a particularly good target for overspray. Overspray will also
cause a lack of good thickness control and con produce poor foam because of loss of exotherm.
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Operating Instructions - Contd

Urethane foam sprays best when the ambient temperature is between 65F and 100F. Below
60F, it is a good idea to spray o light coat of foam first as a flash coat. This will insulate
the surface you are spraying. The lower the ambient temperature, the more difficult it is

to produce good controllable foam. Exothermic heat is lost and the UCON blowing ogent

is hard to handle. The combination of these causes the foam density to increase from the

2 Ib/cu ft level normally desired. If the ambient temperature is below 40F, drum heaters
should be used to heat the material before entering the proportioning machine. The 208-036
freon injector will help in cold weather spraying.

The spray gun should be held opproximately 18 inches from the surface being sproyed ond
moved perpendiculor to the surface. If the operator is too close to the work surface,
ripples will result. If the operator is too far away, he will get overspray and poor thickness
control.

piiee

A good operator should cover 15-20 board ft. per minute. An area 3' to 4' wide can be
covered in one pass. The height of the area that can be covered depends on the spray

-tip.used and the distance from the surface. Normally, 8 inch to 12 inch bend can be

covered. The foam should be put on 3/4 inch to 1 inch thick per pass. If thicknesses
greater than 1 inch are required, multiple passes can be made. Urethane foam will bond
to itself nicely. You should not spray into rising foam. If the spray gun starts spitting,
flush and check for a plugged tip by unscrewing the tip holder and removing the tip.

An important point to remember in troubleshooting is to shut the air off and remove the
pressure from the system. If no moterial is discharging from the gun, first check the material
level in the supply containers. If material supply is all right, then check the ball valves

on the pump inlets to insure they are open and passing material to the proportioning pump.

.If the material is feeding into the proportioning pump properly, disconnect the gun at the
inlet ports and check material blow. If material is flowing from the hoses, the gun is jommed.

If no material is flowing out of the hoses, disconnect them from the pump outlet. If material

flows from the pump outlet, your hose is plugged. If no material is coming out of the pump
outlet, your problem is probably in the pump ball check or packings.
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APPLICATION OF SPRAYED URETHANE
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EQUIPMENT AND ITS OPERATION - Contd

Operation of Pumps and Sproy Gun - Contd

2. Operating Instructions - Contd

If you are spraying poor quality foam, the first thing to check is the heaters and heated
hose to insure the proper temperatures are being maintained. The next thing to check

is the ratio of the materials, which may be incorrect. The characteristics of the foam will
give you a good idec as to which component is off ratio.

If too little of the "A" or isocyanate side is being delivered, the foam will be lighter in
color, will rise fast, display larger cells and lower density, and have poor adhesion,

if too little of the "B" or resin side is being delivered, the foam will be dark in color,
have a slow rise, and be higher in density.

Once you have determined which component is short, check that side starting with
the material drum, suction hose or feed pump, pump inlet boll valve, gun inlet check
valve, heated hose, etc., until the restriction is located.

At the end of the day, the pumping unit should be flushed thoroughly with solvent.

The pumps should always be stopped ot the bottom of a downstroke. This will prevent

any buildup of isocyanate on the displacement rod. The sproy tip should be removed and
immersed in DMF to remove foam particles. A good method preventing foam buildup on

the gun is to coat with @ mold release such as silicone prior fo use. Under no circumstances
get DMF on the skin as it can be quite harmful .

For longer shutdown periods, the entire unit should be flushed with a 50/50 mixture of
methylene chloride and DOP. Then a light preservative oil should be pumped through and
left in the system,

Film thickness applied should be approximately 35 mils per inch of required insulation thickness.
This requires approximately 0.18 to 0.2 Ibs of material per square foot, per inch thick insulation.

Liquids up to approximately 70 mils thick can be applied in one coat. This will produce about
2 inches thickness of insulation. If greater thickness of insulation is required it is necessary to
apply additional coats. In such cases the preceding coating should be completely foamed, dry,
and tack-free to touch before another coat is applied.

UCC 002966
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APPLICATION OF SPRAYED URETHANE
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EQUIPMENT AND ITS OPERATION - Contd

Operation of Pumps and Spray Gun - Contd

Should spray equipment apply liquid which does not react to produce foam, the application
should be stopped and unreacted liquid removed. After the difficulty is corrected, this area

should be resprayed.

Surfaces To Be Insulated

Cylindrical, flat, and irregular surfaces of vessels and equipment to be insulated with "foamed
in ploce” urethane should be sprayed in manner described. The final insulation thickness should
be as specified. The installation should be performed as described above.

Flanges

In most cases manhole flanges, blind flanges and vessel flanges are not insulated on moderate
temperature vessels insulated with "foamed in place" urethane. The body insulation should be
tapered down to the vessel around these flanges to permit removal of bolts and to allow the
application of weather-barrier mastic. This is illustrated in Figure XX-1 and XX-3. Where
blind flanges and vessel flanges are required to be insulated, the spray insulation should be the
same os if they were not to be insulated. After the spray application is completed these should
be insulated with preformed flange covers of urethane insulation. This application is illustrated
in Figure XX-2 and XX-4.

Vessel Legs

If a vessel is equipped with concrete-filled structural tubing legs, the legs should be insulated
the some as and os part of the vessel. if, however, the vessel is equipped with channel legs

and these legs require fire protection, as would be indicated by the concrete encasement around
their lower section, then these legs must be insulated with fire~resistant high temperature insula-
tion. The fire resistant insulation should be installed completely around the fegs as shown in

Figure XX-~5.
Vessel Skirts

The bottom head of vessels with skirts should be insulated same as the main Body of the vessel.
The inside of the skirt should not be insulated unless so specified. The spray application of foam
urethane applied to the vessel shall extend down the outside of the skirt for o distance not less
than eight times the specified insulation thickness, or to the concrete pad, whichever is nearer.
This application detail is shown in Figure XX-6.
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APPLICATION OF SPRAYED URETHANE

MODERATE TEMPERATURE SERVICE

Thickness “T" os specified

! P Manhole or blind flange

Wrap with sultable covering prior to opplication

Vessel of sproyed urethane foom. Remave the covering
after application of foom and weather - barrier.
- Weather ~ barrier as specifiod
Rigid ussthone foom inwliction
Applicotion of Sprayed Urethone Foom Adjacent to Unimsuloted Nozzle
Figure XX-1
Sprayed urethane foam tnsulction
Thick “T" as 1pecified
%
NS \\ Manhole or blind flange
< N, \\J
N Praformed vrethane foom insulation cover
i
— 4 - 7—me with svitoble covaring pricr to application
i of sproyed urett foam. R @ the covering
- prior to application of prefarmad insulation cover,
Vanel '&
NN Yy

Contoct Adhesive

~ ' Woeother - borrisr os specified
:*——-Spmynd urethane foom insulation

Applicotion of Sprayed Urethane Foom to Insulered Nozzle

Figure XX-2
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LICATION OF SPRAYED URETHANE

M R URE SERVI

Taper to vessel
Wrap with sitebie covering prior to
application of sprayed urethone foom .

Remove the covering after application
of foom and weather = barrier

Sprayed urethane foom fnmulation —]

Weother = barsier, os specified — ——————————pui] - E

Application of Sproyed Urethane Foom Insslation Adjocent to Unimulared Flange

e Vamsal wolf

[y —

;‘_ —-— Sufficient distance to ollow
for removel of flange bolis

[
——-’ L—Thidmu “T" as specified

Figure XX-3

Vessel

Sprayed urethane foam [nsulotion
— i Thick “T" as specifiad
™

g

N

/Mﬂﬂholl or blind flange

. /—Pnformd ursthona foam insulotion cover

Wrop with suitable covering prier 1o application
of sprayed vrethane foom. Remove the covering

S:mhu - barsier o1 specified

prior 1o appllication of preformad insulation cover.

Contoct Adhesive

Sprayed urethene foom insulation

Agpplication of Sprayed Urethane Foam to insulated Nozzie

Figure XX-4
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APPLICATION OF SPRAYED URETHANE

MODERATE TEMPERATURE SERVICE

Fill channel lea with specified block insulation

Sproyed ursthane foom

r -

Vesssl

;’/

Wire locing over block
1 feg inslotion

Pl

[

Thickness “T* os specified
Waeather ~ barrier as specifled ————o

-l

e

Specifisd block insulation
{SPECIFICATION NO, 22-H}

“\,

Tark leg

N\

A

e . —- Fireproofing ———.{
ARG I Spraysd urethane foom
Application of Block Insulation te Legs of Sproyad Ursthone Insulated Vessel
L
Figure XX-5
» /—\—4
Weather = barrier a3 specifled -———-} ,
L
Thicknes "T* o1 specified ‘I.T/ L Yous!
Z
|/ !\
Tangent fine -——-- —-\ )/ & '
—5—
% / ’ s Thicknes “T" a1 specified
- f J
@ !
-
N f
Skint
P iy
Application of Sprayed Urethone Foom insulotion to Equipment Skirt

Figure XX-4
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APPLICATION OF SPRAYED URETHANE
MODERATE TEMPERATURE SERVICE

EQUIPMENT AND ITS OPERATION - Contd

Surface Finishing

Where there may be excessive buildup or irregularities of insulation surface these should be
cut off to be flush with the adjacent surfaces. If a smooth surface is required for sake of appearance
the insulation should be smoothed off by sanding the surface with o power sander.

Safety Precautions

The spraying of urethane foam releases fumes and minute particles into the air. The spray
operator, and anyone close to the operation of the spray, must wear masks capable of protection
ogainst isocyanate vapors and atomized particles. Cannister and cartridge masks for use with
solvent vapors are recommended. These should be worn where ventilation is good. When spraying
in enclosed or confined areas a full fresh air face mask must be used by the epplicator.

The foaming of urethane is coused by a chemical reaction which produces heat. Because of the
insuloting properties of the foam this heat can develop excessive temperature rise on the inner
masses if the heat cannot dissipate to the surroundings. For this reason no more thon one inch

of insulation should be applied at one time over a combustible material such as wood, nor should
over four inches be installed at one time over incombustible surfaces, such as steel.

APPLICATION OF WEATHER-BARRIER

After the foam application is completed and the insulation is cured to tack free consistency
the weather-barrier mastic may be installed. The application of the weather-barrier mostic
should be done as soon as practical to protect the foom from the weather.

Weather-barrier material should be weather-barrier mastic, of specified color, and be spray grade.
The mastic should be water-emulsion type as described in Weather-Barrier Chopter of this Manual.

Surfaces not insulated should be protected by suitable covering the same as described in Preparation
Section of this Chopter.
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APPLICATION OF SPRAYED URETHANE
MODERATE TEMPERATURE SERVICE

APPLICATIONS OF WEATHER-BARRIER -~ Contd

The spray application of mastic over the urethane foam is to be done in two coats. After the
first coat has taken its set, a second coat should be applied. The combined thickness of the
two coats should be not less than 50 mils when dry. Details of application of weather-barrier
mastic is discussed in Weather-Barrier Chapter XX}, [t should be noted, however, that no re=
inforcing cloth is required in the application of the mastic.

NOTE: Additional instructions for spray equipment can be obtained in the following:
1. Graco Equipment = Instruction Manual Set No. 306991

Gray Company inc.
Minneapolis, Minnesota 55413

2. Manual

Gusmer Coatings Inc.

Old Bridge, N. J. 08857

UCC 002972
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APPLICATION OF WEATHER-BARRIERS

Weather-barriers, to fulfill their function in protecting insulation, must have strength, flexibility, -
and resistance to weather. There are two basic forms of weather-barriers used to protect insula-
tion; one is mostics and the other is jackets. Because of their complete difference in form, they

must be applied differently.

APPLICATION OF MASTIC WEATHER-BARRIER

There are numerous types of weather-barrier mastics, each of which may require some differences
in the method of application. However, as we specify only the heavy body resin-type mastic,
this application discussion will be limited to that particular type of mastic.

Preporation

The first item is to check materials to determine if all materials required are avai lable.
For the installation of a mastic weather=barrier, the following are needed:

1. Weather-barrier mastic.

2. Reinforcing cloth.

3. Coulking mastic.

4, Heat resistance sealer (for high-temperature service).
5. \Lap seoler (for low-temperature service).

-~ 6. Expansion strip (for high-temperature service).

The mastic itself should be inspected to determine if it is in good condition and suitable for use.
Also, it should be determined that the proper grade of mastic was delivered. If several grades
are available, trowel grade is required when material is to be palmed or troweled. Where it

is to be sprayed -- spray grade is required.

As these mastics are water-base materials, after they are delivered to the job site they must be
kept from freezing if the atmospheric temperature falls below 32°F,

The insulation should be installed as specified prior to the application of the mastic. During

the period between its application and until it is weather protected, all absorbent insulation

shall be protected from rain, snow, or other liquids by temporary wrapping with protective
coverings. Should absorbent insulation get wet due to circumstances beyond control of the
insulator, it is necessary for it to be dried out before the final weather=barrier mastic is opplied.
This should be done by keeping the insulation covered with the temporary protective plastic

sheet or tarp until the line or vessel is heated for a sufficiently long time to drive out the moisture.

The installed insulation should be smooth, even, and free of voids.
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APPLICATION OF WEATHER-BARRIERS

APPLICATION OF MASTIC WEATHER-BARRIER - Contd

Preparation - Contd

On outside installations, any insulation in relatively horizontol position shall be
sioped for water drainage.

Sharp outside corners of insulation should all be rounded off. This is illustrated in
Figure XXI-1.

A heavy fillet of caulking mastic should be installed to all inside corners of insulation and

to the inside corners where metal projects through moderate and low-temperature insulation.
Caulking shall be allowed to dry and set before the application of the weather-barrier mastic.
The application of caulking to inside corners is illustrated in Figure XXI-1.

A heavy fillet of heat resistant sealer should be applied around all metal projection which will
be above 180°F in service. The sealer shall be applied outward from the junction of the projection
for a distance six inches over the metal and six inches over the surface of the insulation.

As the mastic is a water=base material, it cannot be applied when air temperatures are fow.
As most monufacturers make a special winter grade, it is possible to spray this specic! grade
velow freezing. The limitation for its application is as follows:

Standard grade should not be applied when ambient air temperature is less than
. 329F nor when the temperature is expected to be as low as 200F within the next
24 hours.

Winter grade should not be applied when ambient qir is less than 20°F nor when
the temperature is expected to be less than 15 within the next 24 hours.

Troweled or Palmed Application

Troweled or palmed application of mastic should be done by first bonding the reinforcing
cloth to the insulation surface with the weather-barrier mastic. In some instances trowel
grade mastic requires slight thinning with water to obtain a first coat into which the cloth
will embed for good adhesion. The cloth shall be pulled taut with all joints overlapped

two inches. All inside corners, rounded off with caulking as previously described, and out-
side rounded-off corners shall be reinforcing cloth overlapped as illustrated in Figure XXI-1.
The trowel grode weather-barrier mastic shall be troweled or palmed over the cloth, pressing
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Dynel-fiber reinforcing cloth over~ Fillet of {coviking)
lapping ot feast 6" each direction

7 o ——

¥
<
!‘o 5 ‘g

Weother barrier

&

I SR - P A X
\\\‘\‘\‘\\\‘\\‘.\

High or low temperoture surfoces

Applicotion of Weather-Barrier Coating ar Comers

Figure XX{ - |
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APPLICATION OF MASTIC WEATHER-BARRIERS - Contd

Troweled or Palmed Application - Contd

it through the mesh to bond it to surface and mastic underneath. Care shall be exercised
that the mastic is troweled or palmed over the cloth in a manner to completely seal all

the openings in the weave of the cloth. After the mastic has partly set, it should be
softly brushed by brush wet with water fo produce an even, smooth surface. The combined
wat thickness of the weather-barrier coating and mastic when wet should be between 3/32
and 1/8 inch in thickness. To achieve this thickness, for each 15 to 16 sq ft of surface
covered one gallon of mastic must be applied. The dried thickness of the material should
not be less than 1/16 inch thick.

This weather-barrier shall be carried out six inches onto metal beyond termination of
insuiation ot supports, skirts, or other projections, and shall be sealed from the metal .

Spray Application

Prior to spray opplication, adjacent areas not to be coated such as structural steel, floors
or walls shall be meshed or screened to protect them from overspray or drip. Valve stems,
handles, gouge glasses, insiruments, and other such items shall be wrapped with plastic
sheet to protect them from splatter.

Operation of Spray Equipment

Mastic 1o be sprayed must be of spray consistency. Spray equipment is to be 30:1 ratio
airless pump and airless mastic gun. In most instances a .837 reverse~a-clean tip will
give most satisfactory results.

The first step is to properly hook up the compressors, pump hose and gun. The compressor shouid
be located well away from overspray. Instructions for connecting operating and maintaining
pump is given in following instruction sheets 1, 2, 3, ond 4. The instructions for operating and
maintaining the spray gun is given in instruction sheets 5, 6, and 7.

The spray application shall be used only on equipment or large piping over 30 inches
in diameter, of sufficient surface area to warrant the use of spray.

The insulation surface is covered with a smooth, even coat of mastic of just sufficient
thickness to embed the fabric. The fabric shall be opplied to the wet mastic, pulled

taut, then smoothed and passed by gloved hand to embed it into the mastic. Joints

in cloth shall be not less than 2 inches in width and be bonded together by the mastic.

All inside and outside corners, previously rounded out, shall be overlapped with two layers
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APPLICATION OF WEATHER-BARRIERS

AIR REQUIREMENTS

Air input previure required 1o operate pump is 20 to 120
pa.i. Use lowesl pir pressure reeded 1o obtoin desired ma-
:gtiol ctomization and covercge. OO NOT suceed the 120

D.1,), monImum,

for cveroge spraying ob | g.p.m,, the pump wpplying material
o one soroy gun will require opprax. 30 c.fam, of free oir. Alr
comumotion ond How rote figvres for this unit spraying o 56,000
centipoins thinotropic opperent vlicenity mostic with 30, 40,
and 80 p,1,i. aiv supoiy prassurs, using fip sizes 029 in, through
071, are given in Form 306<737 supplind with the Revene-A-
Clren 1oray notdle,

NOTE
Pump delives 1 gol, of moteriot every 21 cyeles or 3 gol,
pec eninute ot 63 cycles per minute. (63 cycies par minute
is the recommended maximm for continuows purmp

xmlioﬂ.*

CAUTION
Puep develops moteriol pretsues oppron, 30 times the in~
bound oit preniurs, The working pretsure of materiol hose
suppl ind with this unit is 13rong enough to provide end
odequots sofely morgin o1 long = pump i operating ot

rot more thon 120 p.s.b, eir prenure.

INSTALLATION

1 saeparinG unit FOR USE

(1) Place unit in Jerired work oreo, moking sure thot unit oir
controls ore accensible 1o the operoior and tufficient ovarhend
clearance (8% M. min.) is ovoiloble to roise pump completely,

2} lmant two uohilizing legs through stobilizing plote tubes
and imstall legs in elevotor base a3 thown in Fig. 1, Imtall the
other two stobilizing legs in elevator base end secure el lege
with setscrews,

{3) Imert surge tonk through clomp ond connect to moterial
outle) manitold o2 shown in Fig, 1. Secure by tightening clomp

{:) Connect materiol hoss 1o swivel union ot outie! manifeld
and o spray gun o8 shown in Fig, 1. Attach Revene-A-Clesn
1o sproy gun,

(5. Conrect o 'tn, id. (min) oir supply bore to 1-in. np.t.
{F) oir inlet union, Refe: to Fig. 1. Main air line thould in=
clude o blead type mosta: oir volve,

bols.
SPRAYING rosmo:%
REVERSE-A-CLEAN

"OFF-SAFE™ POSITION SPRAY

GUN
OuTLET
MANIFOLD
i
MATERIAL SWIVEL
HOSF UNION

@ Lsum{ TANK

STABIMZING

PLATE
4
ﬁ_/snuuzwc LEGS

MASTER AIR
VALVE

[ieed type)

AR SUPPLY
HOSE

1” Nt
AR INLEY

Instruction Sheet 1
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OPERATION
&2 CHECKS BIFCPE STARTING

(1) Unit is factory tested with o light, ruat-inhibiting oil, The
firsd few cycies during initial pumping will normally remove
this 0il. However, 10 prevent contominclion of any materiol,
the 1ystem shavid be 1olvent Bushed prior To wse. Refer to pora~
groph 7 ond foliow the imtructions that opply,

(2) Sen that materiol pump wetting cup is filled with @ compot~
ible solvent or light oil, Ses Fig. 2.
{3) Check the dump volve of autlet monileld to see that it is
closed. Reler to Fig. 4,
(4) Check the material for beavy filleny, dint or other coone
porticles that might clog spray tip in Revens~A-Cleon.
(S) Perfirm the neceisary Jubiicotion senvices o3 indicoted in
1eparn'e pump, sproy gun ond elevator ininkction forme,

T3 FEMOVING AIR TRAPPED UNDER INDUCTOR PLATE

(1) Clcie pump ON-OFF oir waive. Thea open mmiter oir volve
to eneigize uvnit. Refer 1o Fig. 2.

(2) Cpen oir vent voive of inductor plate, Refar to Fig, 2,

{3) Pull krob of push—pull vatve 10 rise _nit, Refer to Fig, 2,
{4) Ploce on opened S§-gol. drum of moderist on siobilizer
plote under the reised unit, so drum botlom louches elevator
bose.

{5) Smooth the top swiace of the moterinl until nearly level to
lessen the omount of oir that will be trapped urder inductor
plare.

QOUTLET l S—r
MANIFOLD

INDUCTOR PLATE

SYABILIZER
PLATE

(6) Push knob of puthepull volve 1o lower unit == guide in=
dheeor plote into drum,

(7) Rock or jiggle pume to fiemly seat inductor plore on tap of
materig] ond o exhoust gic apped under plate,

(8} Continue oction until morerinl oppeon of vent opening in
plote == then ciose oir ven) volve, Referio Fig. 2,

4 STARTING & ADJUSTING PUMP FOR SPRAYING

CAUTION
HANDLE GUN WITH CARE. NOZZLE VELOCITY
DANGERDUS. At close ronge, the pressyre relecsed
con penetrote the skin ond cowne other injuries, Re=
fer 10 seporove gun iminsction Form J0A<=721 1or other
sofely precoutiom,

(1) Open pump ON-OFF oir valve fully,

{2) Tuen lever of Aguene-A -Clean into vproy position {(polat-
ing toword rear of gun) ond tuin sofety lotch of 1pmy gun inte
“"OFF-SAFE" povition, Refer 1o Fig. J.

(3) Am ond 13gger qun info o worte container. Tum regul
"T* hondle odjnting werew clockwive 10 siort pump == nm siowa
{y vntil obout one-quort of matesiot is sproyed or uatil cleon
motzsial n \pying from gun, Refer to Fig. 2,

{4) Set oir regulater ot a trial setting of obout 80 pa.i, ond
sproy on a teyt porwl, holding gun olout 12 in. owoy, Vory the
distonce 10 it the kind of materiol being sproyed.

{5} ¥ woray cottem i not fully olomired, grodvolly incrense
pump moterial presture with oir regul until full innds

i attained,

AR VALVE

AR
R GULATOR

AJR-A5SIST
VALVE

PUSH-PULL
YALVE

Instruction Sheet 2
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APPLICATION OF WEATHER-BARRIERS

CAUTION

Always use lowetl air prevsure necessary o atomize the
mateciol. DO NOT exceed the morimym recommended
oir pressere of 120 padi,

(8} if \pray portern becomet rogged or if spraying stops, wing
lever of Ravene~A-Clean 180 to front ond remove obsiruction
by viing tine presivre,

7} Follow the instructions given in spray gun literture for pro=
pet tpmyirg lechnique,

B 5reaatiNG PRECAUTIC.NS & CARE OF THE UNIT

(1) Always siap pump af the bottom of its stroke ond be sure
wetting cup it fillad, 10 prevent material drying on disploce=
memn rod.

(D) Xeeo pump, hore and gun filled with moteriol to minimize
1he necessity for flushing == NEVER leove unit with oir pumped
into the tyatem,

{3} Whan gun it nat in v, kesp Re
cleon, wotible tolvent. Do nct
valess to service or 1o clean.

A=Cleon i din
gun or ial hose

(4) When unit is lempararily shurdows, reliswe prsum in system

by closing pump ON=OFF oit welve ond triggeting gun open.,
(53 Drain surge tonk whenever thare is excensi: # surge ot speay

gun. Releoie pressure in system (see step {4) obovs) tafore open=~

ing dump volve at outlet monilold,

(6) ) spraying o woter bore material be wre 1o flush out with @
mineral witift tolvent, daily. Refes 10 poragraph 7.

& REMOVING EMPTIED ORUM

(1) Presi and hold in hnob of air-o1sist volve to free Inducior
plote and raise it t top of drum,

H while roising, inductor plete siops of a drum rotling hoop,
use elevalor 1o roise plote post hoop, then release slevaror
ond continue wing Dir-asit velve,

{2) When inductor piate reaches top of drum, simuitoneowly,
releaie oir~ouish knob ond pull elevetor push—pull knob o roise
plo'e obove drum, Refer to Fig, 2,

P FLUSHING PROCEDURE

OTE
Unit should ba Nushed according 1o generol operoting con~
ditions ond | ind of materiol pumped == water bose material
ot solvenn (such os % ~tone) tha! ars hormful to rubber hone
<t pockings mwt be 1lushed out with o mineral spirit solvent,
dily. Aho flush when ch toon i ible material,

' P

The loet working duy of the wewk it b good time ta flush unis,

(1} Remove drum on exploined in poragroph &,
{2) Puwsh knob of pushpull volve to lower unit. Refer to Fig.2,

() Dirconnect moterial orain bock hose from ousletr manifold
ond oit-osiist hese from inductor plole, loosen sehcraws in in-
ductor plate coliar and remove plore from pump intoke. Refer
v Fig. 2.

{4) Tum salety tateh of spray gun into "ON-SAFE" position,
Remove fevens-A-Cleen from gun ond sook in clean, compat-
Ible solvent,

(5) Alm ond Iriggar opan gun inko @ materiel cantginer, de=-
Lreose pump 10 ¢ tlow ipeed wiks eir regulaior and puep oir to

’ SURGY. TANK

force moteriot from system, Close gun and open dump volve o
droin moterid from surge tonk. Clowe dump valve ofter tonk is
droined. See Fig, 3.

{6) Roise unit and lower prmp intoke into o poil contining
obout 7 gal, of cleon, compatible wivent, Open dump volve
and pump solvent through dump valve into a waite contoiner
unti) solvent is foirly clean, Then clore dump volve, trigger
gun ond pump sofvent through gun into woste container until
clvon sofvent comes from gun, Refer do Fig. 3. Increase pump
1o high speed ond circuiate soivent throgh gus bock imo sol=
vent comuiner, for leveral minutes, Ciean inductor plare and
droin bock hore, while solvent is circuloting.

) Stop pump wirh ON-OFF air volve, droin surge tonk with
dump valve, close dumo vaive and start pump to refill dump
volve with 1olvent. Droin and refill ieverol times.

(8) Relecie solvent prevsyre by eioaing pump oir volve and hold-
ng gun tripger open or opening dump valve. Then remove surge
tork ond spray gun, ond cleon with new iolvent. Chack smol)
hole neor top of 1urge tonk body ond cleon, if plugged. Reine
wall swrge tonk. Ses seporote Instruction Form 306-728 for gun
cleaning procedure ond Form 306-737 fne Revene-A-Clson clvan-
ing procedure.

{P) Remove pump from solvent container ona than pump aic 1o
remove 1ol vent from aystem,

{10) Shut off oir do pump ond reconneet gun 1o hore, Place
pump intcke into 0 containes of cleon wolvent, Start pump and
operate slowly, with gun clored, until pump stoths oul, then
reieaie presture in the filled system. Leave solvent in system
LAl reody 16 revume sproping.

NOTE
H moy bs necenory to repeot sep 7 (8) sevaral fimet v~
ing clean solvent, before sytsem is clean enough ™ be
stored. DO NOT store with solvenh (such ;s Xotone)
harmivi do rvbber,

Instruction Sheet 3
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(11} Remove salvent comtoiner, pump oir through ynlem ¥ ree
move solvent, ond droin solvent from surge tonk ond from langs
in moteriol hose,

(2 Mrirstoll inductor plote, ond droin back hove and eir-ennt
hose. Rechorge unit with wotariol {refer to por. 3 8 4) and then

e S
MAINTENANCE

pump abaut one=quort cf material 1o woste or until moteriol hos
forcad ofl re.ncining solvent Srom syrtem. Reimtoll Ravene-A«
Cleun, perdinrm recensory checks before noning {eler 1o por. 2)
ond resume wproying,

CAUTION

ALWAYS RELEASE AR AND MATERIAL PRESSURES BEFORE SERVICING UNIT

BB 1r0UMESHOOTING CHART

Listed below ore trovbles which mey sccur during e use of this unit ond their proboble tavses ond pousibl # Servics
irstructions ore given here ot in the 1eporots Imtruction Foma for the sprey gum, pump, reguistor, eic, for the less common oubles
only. The operctor 1thould bw obie to ~emedy the mom common troubles with the eid of the toublethooting chert. Check oll other
possible remedies before disonsembling pusp,

TROUBLES:

Pump foils 1o oparote p.operly
Imutlicient pranure or volume with pump opercting
Excessive surge of 1pray gu
Imufficient materiot breckup

Too heovy o caoting thicknen
Taih or fingers in sproy poth

Spitting ot sproy gun \

PROBABLE CAUSES:

POSSIBLE REMEDIES:

Cleoe

frapect olr feaks, 1o AIR REQUIREMENTS
Open ot clean
Adjnt or service

Restricted oir supply line
Aiv copocity imullicient
Closed or clogged oir voive, regulotor, etg, ——e—
Air regulotor seing oo low or inoperative ——

Ais regulotor setting too high (120 p.s.i, mox,) ——
Material too viscowvs or cold
Clogged Revene~A<Cleon, gun or mor, hoser——
Matericl hose too long (pressure drop resyits) e

Adpny

Warm the marerial

Cleor, servics {Form 306-721 & J04-737)
e Remove odded hosa (50° mom.)

Dried materiol seizure of dhplocement rod
Wom pockings ar shitrucied pump valves
Inoperotive pump oir motor
Material suuply insufficien
Migh Mow rote
Surge tork oir heod jost

Fill wetting cup, cleon rod

vne Cleor, wervice {Form 306-725)

Service (Sorm 3056-735)

Change to fuil drum

Chonge 1ip (Form 304-737)

Check top plug, relieve pressure 3 replace
“o" ring 100l or droin

—— Chonge, replace {Form 206~737)

O

Impeoper or worn spray gun tip

Wom, domoged or obstructed pun pavh < Secvice (Form 306-72%)
Impropar spraying technigue See Farm 304-72}

CONNEICY

(R '} AR N
<% |atoucaron
O rumP ON-OFF AIR VALVE REPLACEMENT sween (ﬂ\"' " \
) o »oLE JJ°| ouTSI0E)
Instoll new or ewviced valve o1 shown in Fig. 4 1o thot velve HNSIDER g -

will relieve pr.sum in air motor whan closed.

CONNECY
THIE IND YO
AR MO TOR

FO rusi-suiL O AR-ASSIST VALVE SEVICE

VALV 18 4n0WR

To reploce air seoh or pockings, shut off oir 1upply, remove 1N OFF POSITION

volve and disasemble as shown in ports ilhusirotions on pogs 7,
Inspect pern for domoage or weor and reploce o3 mecenary,

Instruction Sheet 4
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APPLICATION OF WEATHER-BARRIERS

OPERATION

1 CONNECTING HOSE, FLUSHING & INSTALLING TiP

(1) Connect o grounded material hose (3 in. 1D min.) to gun
inlet (4 in. NPSM). See Fig. 3.

NOTE

Flush system with a suitable solvent to remove lubri-
cant. Check system under pressure for feoks ot con-
nections,

(2) Relieve pressure (stop pump and trigger gun) and install
tip (see Fig. 1) ond/or cccessory REVERSE-A-CLEAN TIP or
filter assy. (See poge 3).

NOTE, tighten tip retainer nut with moderote tension only,

2 HOW TO USE GUN

(4) Adjust fluid pressure until proper gtomization is obtained -
use lowest possible oir pressure.

NOTE
The fluid pressure and spray tip (orifice size and sproy ongle)
control atomization and pattern length, os well o3 the flow
rate == which in tum determines the spraying speed.

——— CAUTION
1. BE_SURE BOTH object being sprayed and the spraying
_~equipment are grounded.
2. KEEP AWAY from high pressure spray to prevent seri-
ous injury,
3. ALWAYS RELIEVE PRESSURE before removing tip or
disconnecting gun ... stop pump and trigger gun.

{1) Check tightness of spray tip retainer nut.

(2) Check material to be sprayed for particles that could clog
spray tip.

(3.) Stort pump ond set oir regulator ot obout 40 psi. Release

trigger safety (sze Fig. 1) and test sproy o smoll area,

GASKE

{5) Use a FULL-OPEN, FULL-CLOSE triggering action, Hold
gun about 12 in, away ond perpendicular to surface -- do not
orc gun. See Fig, 2. A short pructice period is odviscble to
determine proper distance and speed of strokes.

{6) When spraying complex shaped objects, use gun movements
thot will prevent material build-up and sags. '

{7) Whenever gun is left unottended, engoge trigger safety 1o
pravent accidental triggering. Refer to Fig. 1.

(8) Clean tip often {ct least twice daily during continuous
spraying). Remove and clean tip and tip filter (if used) in o
cleon, compatible solvent and blow dry with air.

NOTE
A clogged tip may be cleaned by blowing out obstruc~
tion with air from the front of tip ... this prevents forcing
obstruction deeper into tip orifice. If obstruction cannot
be dislodged, sock in solvent ovemight then blow out
with oir. USE EXTREME CARE to prevent damage to -
knife-like edge of tip orifice.

When spraying materials that dry, horden or set up quick-
" fy, be sure to clean tip often ond keep nozzle immened
in suitable solvent during shutdown periods.

SAFETY.

1 2
=6

i

3" NPSM INLET

MATERIAL HOSE

Insiruction Sheet 5
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UNION. -
‘CARBIDE

APPLICATION OF WEATHER-BARRIERS

B SHUTDOWN & CARE OF GUN
(1) Relieve pressure in system ond remove and clean spray tip HYDRA-SPRAY TECHNIQUE

and tip fitter (if used). See (8}, par. 2. HOLD GUN APFROX. 12” to 14" FROM SURFACE

S

(2) With gun connected 1o hose, immene nozzle in solvent
until ready to start spraying ogain. This will keep air from START
drying the materiol ond lessen cleoning of hose ond gun. STROKE (A

from 190 to 210 in.~ib of torque, ‘
PULL

TRIGGER

Check voive sect tightness before reinstalling tip—use
j i J
TRIGGER

{3} Flush out gun whenever rest of system or unit (pump, hose,
etc,) is being flushed. ")

(4} Gun passageways, needle, diffuser , ond spring should be
thoroughly cleaned ond inspected reguforly -- depending on
‘usege and type of moteriol being sprayed. Disassemble parss,
soak and scrub cfean (use supplied brushes) in cieon compatible

solvent. Inspect parts, replace if wom or domoged, and reas- KEEP GUN PERPENDICULARTO SURFACE

- smble on gun. See Fig. 3 HAVE GUN IN MAINTAIN EVEN RELEASE TRIGGER
- MOTION BEFORE  SPEED AlLL WITH GUN 5TIkL
TRIGGERING THROUGH STROKE MOVING
_ AUTION
Handle diffuser ond needle carefully, to prevent da- Fig. 2
mage to the hard carbide portions. ——
DO NOT change position of adjusting nut on needle. If
needle is to be replaced, refer to por, 6 for trigger stroke
adjustment.

{5} To clean trigger safety latch, remove trigger hand grip (see
fig. 3) ond scrub lotch cleon.

MAINTENANCE

CAUTION

ALWAYS relieve pressures before servicing gun or tip

&R TROUBLESHOOTING CHART

TROUBLES:

Troils or fingers in spray pattern
Gun will not stop sproying
Spurting from sproy tip
Gun will not spray
Distorted or uneven sproy pottern

PROBABLE CAUSES AND REMEDIES:

Material pressure too low (Increase)
Materiol Yoo viscous or supply low (Thin, refill)
Tip orifice too small for material {Change)
Triggering not positive (use full-open, or full-close oction)
Broken or weakened spring (See par. &)
Clogged or womn needle or seot (See par. 3 ond por, 6) ———
Clogged, wom or wrong tip {(clean out or reploce)——-——‘-—— —
Drisd matericl seizure of com shoft packings (See par, 5)
No fluid pressure (check pump operation)
Plugged spray tip or needle seut (cloor)

f_/y/

RN

Instruction Sheet 6
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APPLICATION OF WEATHER-BARRIERS

B3 |F GUN LEAKS AT TRIGGER PACKING NUT

Reploce cam shaft packings os follows:

(1} Remove trigger.

{(?) Unscrew packing nuts and remove packings, glands, and

cam shaft. See Fig. 4. If com shoft is tight, loosen soring
retainer to relieve tension. Refer to Fig. 3.
PACKING NUF
PACKINGS
GLAND L
CAM LEVER ~ 5 \
S /ﬁ&‘»fx‘ “
SPRING =y \ { XY
RETAINER > N\
3 ‘ ,._-\ )m)) \)
SPRING l --‘
GASKET
LOCKNUT
ADJUSTING
NUT

3" NPSM (M)

Fig. 3

{3) Cleon ond inspect parts, Soak new leather packings in
tight oil until plioble. Assemble parts reverse from disas—
sembly. NOTE: When assembling trigger, insert cam shaft
into-cam lever 1o fiots on shaft ends will it into the forked
clomps of trigger. Reclomp trigger to shaft, tightening the
Refer to Fig, 3.

battom screws fint.

CAM
SHAFT
Tighten
first,

TP
RETAINER

PACKINGS
SPRAY PACKING NUT

TP Fig. 4
SEAT

NEEDLE

Press needle agoinst
seat to check travel

TRIGGER

SAFETY
LATCH

HAND
GRIP

LOCKNUT
ADJUSTING

Fig. 5

© i GUN LEAKS AT NOZZLE

(1) Tighten valve seattorque from 190 to 210in, Ibs, If leakage
continues, replace needle, orvolve seat - SEE STEPS (3) & (4) Par. 3.

(2) 1E needle is worn or damoged, remove lock and adjusting
nuts and using same number of turns, install on a new needle.

B

(3) When installing needle ond spring in gun body, check
trigger stroke for approx. 5/16 in, trove! as shown in Fig. 5.
Tum odjusting nut in or out os needed, ond lock in place.
Reassemble ports reverse from disassembly,

ACCESSORIES (Must be purchased separately)

205-614

Tip stoppages cleared with
paint pressure by reversing
tipin nozzle, Includes tip
of choice,

Reverse-A-Cleon

i62-863

Rl
164-12} 16407 205-265

207-012 Filter Adapter Kit
Permanent edge-type filter with ,009 in. spacing
and mounting ports,

Instruction Sheet 7
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APPLICATION OF WEATHER-BARRIERS

APPLICATION OF MASTIC WEATHER-BARRIERS ~ Contd

Operation of Spray Equipment - Contd

of cloth as shown in Figure XXI-1. After the first coat has taken its set, a second coat
shall be spray applied. This second coat must completely fill all the voids in the cloth
and cover it from view. The total combined thickness of the reinforcing cloth and the

wet mastic should measure 3/32 to 1/8 inch in thickness. If the sprayed surface is pebbled
or unsmooth, it should be smoothed down by water brushing.

The weather-barrier shall be carried out six inches onto metal beyond termination of
insulation at supports, skirts, or other projections, and shall be sealed to the metal.

The heavy-build mastic used for trowel, palm, or spray application requires 4 to 8 hours
to dry to touch. During this period of time it should be protected from being washed off
by rain or other liquid water. As the material requires approximately 48 hours to cure,
it should be protected from mechanical abuses while it is still soft,

After curing, any shrinkage cracks which might appear, particularly at inside corners
and at projections, should be pointed up with mastic to ensure a water-tight installation.

Flashing

After trowel or spray application of weather-barrier additional flashing of a cant of
mastic over which a trowel coat of mastic, reinforcing cloth and second coat of mestic
should be installed around the projections such as nozzles. This is illustrated in
Figure XX1-2,

Expansion-Contraction Joints

Expansion joints in weather-barrier in high-temperature insulations should be constructed
with an expansion strip as shown in Figure XX1-3. Joints installed in vertica!l position
shall be constructed to shed water. Joints in horizontal position shall be constructed in
a similar manner except that a bed of non-setting sealer shall be placed between the two
layers of expansion strip so as to prevent entry of water, but not restrict the movement
between the sheets.

The metal strips shall be of 0.008- to 0.010-inch thick stoinless steel. Each strip shouid
be sealed to the insulation beneath it by embedding it in the mastic and securing it in
position by stainless steel strap. The weather-barrier mastic, with its reinforcing cloth,
should be extended over each of the strips but must not be extended over the sheets where
they overlap.

UCC 002984
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lnwlotion

Dynel-fiber cloth reinforced weather barrier
\ Vessel nozzle

(NI STANDARD PAGE 379
CARBIDE JE T ), -
‘ APRIL 1970
APPLICATION OF WEATHER-BARRIERS
Heavy cont of mastic NOTE:
Complete weather borrier over

insulotion before instaliction of
flashing.

corner par GA-5

A T
LA IS Detall A d o BYEBpolt heats
.. f . . - Vm' '
1)) ! {V.ml insulation \; { /g o
Il P X H
'\\ L VESSEL
v
Standord reinforced

Flashing on Top Nozzles of Equipment

Figure XXI-2

lnsulation

‘Weather-barrier membrane

— "

A

Mastic
Embed in mastic

Weather barrier extended ~ —>

A/_3<in. over metal dlip joint -y

T,

Strap

Vassel or pipe woll

Weather-borrier membrone

3 9-in. wide, 0.008-in. ae
stainless steel strip T
/s . ~.-
/,.,’ )//4 X Mastic
N "‘IA' / — -
A Strop —
A .
S =
Ve - “~——Embed in mastic
i B )
ST ~— _
~ L e Insutation 3 s
e R J R
{3

Expansion-Contraction Joint Delails

l
I
1
|
1
l
I
1
|
l
1
1
!
1
1
1
!
!

a 9

Figure XXI-3
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APPLICATION OF WEATHER-BARRIERS

APPLICATION OF MASTIC WEATHER-BARRIERS - Contd

Expansion-Contraction Joints - Contd

Zxpansion joints in low-temperature insulation are constructed with the insulation as described
in Chapter XIV - Application of Rigid Insulation - Low Temperature.

APPLICATION OF METAL JACKET WEATHER-BARRIER

Jockets may be of plastics, laminates, or metal. The specified metal weather-barrier jacketing
used in our installations are treated steel and stainless steel, with the exception that aluminum
may be used in areas of little fire hazard. When factory aluminum prejacketed insulation is
specified, the entire panel is installed as a unit; thus, this is described in the insulation
application ond will not be described in this chapter.

Preparation

The materials required for application of metal weather-baorriers on equipment ore as follows:

Metal jacket as specified.
Steel metal screws.
Equipment insulation strap.
Clips for equipment insulation strap.
nsll Clips.

Jacket support clips.
Stainless steel wire,
Flashing strip.

Lap sealer.

Non-setting lap sealer.
Heat-resistant sealer.

NVONO DA WN -

— —
-—
.

The materials required to install metal weather-barriers on straight pipe are:

Preformed metal jacket,

Pipe insuiation strap.

Clips for pipe insulation strap.

Closure bands, with factory instalied sealer.
Stainless steel wire.

Heat-resistant sealer.

O A WN -

UCC 002986



et Daetesl  wasl e MY Badhe Melee 0 ey Mo DA

sl tnsl Gewd  oedd  wesy  Ddd DN el W

CHAPTER XX!
APPLICATOR TRAINING
STANDARD PAGE 381
Ot 20 PSS APRIL 1970

APPLICATION OF WEATHER-BARRIERS

APPLICATION - EQUIPMENT

The equipment insulation strap clips shall be embedded into the insulation to provide a smooth,
even surfoce for application of the jacket.

On vertical vessels, the metal jacket is installed, starting at the bottom. The first course

is supported by jacket support clips, attached to the insulation support. Each vertical joint
must be lapped a minimum of three inches or in the case of deep corrugations the metal should
be lapped two corrugations. A bead of lap sealer should be placed between the layers of metal
on all vertical joints before the joint is fastened together with screws on six~inch centers. Care
should be taken to prevent screws being installed in a manner that two courses of metal are
fastened together. [t is essential that relative movement be allowed between each two courses
of metal to provide for the expansion and contraction dimension change of the vessel. The
jacket shall be held in position by insulation strap, which should be tightened just sufficiently
to secure the jocket.

Second and subsequent courses of jacket shall be supported by "S" clips. Each subsequent course
of metal jacketing should overlap the preceding layer 3 inches to shed water.

At top of vessel, a six-inch-wide stainless steel flashing strip should be installed. This should

be bonded in place, overlapping the last course of metal jacket. It should not be attached to
the metal jacket so as to form a slip expansion and coniraction joint. The mastic weather-barrier
used over the vessel head shall be applied down over the flashing to provide water shed.

Details of this construction are illustrated in Detail A, Figure XXI-4.

Horizontal vessels should always be jacketed with smooth metal jacket. This is because it is
practically impossible to water—seal circumferential joints of corrugated metal. The smooth
metal jacket shall be installed around the vessel with each course of jacketing overlapped
minimum of three inches with the preceding one. Each circumferential joint should be sealed
with a bead of non-setting lap sealer which was placed on the lop area of the instailed metal
prior to application of the overlapping next course. The circumferential joint should be secured
by strap placed directly over the joint. Intermediate straps shall be instoiled between circum-
ferential joints and shall be on centers not greater than 18 inches. Horizontal joints shall

also have a minimum 3-inch overlap.

The): sh.ould be located on sides of vessel so as to shed water. They shall be secured with screws
on six-inch centers. All sharp edges shall be bent under to prevent a hazord. Details of
construction are shown in Figure XXI-5.

On either horizontal or vertical vessels, if heads or special contours are covered with metal

jacketing, the jacketing must be preformed to properly fit. All joints of preformed jockets shall
be so formed and fostened together to form a water-tight assembly. Where these jackets fit

UCC 002987
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APPLICATION CF WEATHER-BARRIERS

S Clips».N

Do not ploce screws
which will bind two
covers of jacket togather -

Seol vertical laps
with lap sealer

3-in. lupl

-t

Screws on 6-in. centers

Detall A

Insulation

Details B ond E

Lap

Details Cond F

Details D and E

Corrugated Metol Jockat on Vertical Vesel

i

- W |'
Vessel woll —i
I

Detail E
Jacket Support Clip

Mastic westher barrier

Level with insulating
cement.

Flashing strip, secure
with inswlation strap

A4
}7 A Jacket
1
[ Insulation support per
EQ-44 or EQ-46

{with slotted holas}

1k Jocket support clip
| ottached to insuiation
ﬁ*\ support, see Detail E
—— Jocke?

Jocket
insulotion

S

Tfe— Jacket

Jocke? support cllp
ottoched to imulation
support, see Detall E,

Mastlc weather barrier on
head lopped over shell
insulotion to insulction

support or 3~in. min

Figure XXI - 4
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APPLICATION CF WEATHER-BARRIERS

A Z ; 2 ! i o
4; mastic LDo not plece screws which Seal circumferanticl joints
will bind two courses of with lap sealer,

jacket together.

Metal Jacket on Horizontal Vesssl

Figure XXI - 5
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APPLICATION OF WEATHER-BARRIERS

APPLICATION - EQUIPMENT ~ Contd

together to the cylindrical jacketing the laps should all be sealed with lap sealer.

All projections through the jacket must be suitably fastened and sealed with sealer suitable
for the temperature to which it is to be subjected.

APPLICATION - PIPING

Straight piping insulated with metal jacketing should be weather-protected with preformed
jocketing with longitudinal "Z" joint. The metal jacket may be supplied factory opplied to
the insulation. If the jacketing is not factory applied, the pipe insulation should be secured
with stainless steel wire. Ends of wire shall be twisted and embedded in surface of insulation
so as to provide a smooth, even surface for application of the jacket.

[N

Jacket (or pipe insulation with jacket attached) should be installed by placing the jacketing

in position and engaging the "Z" joint. Longitudinal joint on horizontal pipe shall be locoted
on horizontal centerline of pipe with open end down to ensure runoff of water. The jacketing
(or pipe insulation and jacketing) should be secured by strap drawn tight and fastened with clip.
On diometers of pipe insulation 6-5/8 inches and under, one strap shall be used at center of
assembly. Larger diameters should be secured with two straps, each approximately 12 inches
from end of assembly .

The butt joint between adjacent assemblies shall be sealed with a closure band. These bands
shall be furnished with sealing compound on each of the edges, so as to moke a water-tight
joint. Some of the excess sealing compound should be located between the strips of compound
directly at the closure of the "Z" joint to provide a seal at the closure overlap. The closure
bands shall be tightly secured in position with pipe insulation strap. This assembly is shown
in Figure XXI-6.

Where the straight pipe is metal jacketed and fittings weather-protected with mastic, the mastic

should be installed in the manner described in the first part of this chapter. The weother-barrier
mastic and fabric reinforcing should be lapped over the metal jacket for a minimum of one inch.

UCC 002990
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APPLICATION OF WEATHER-BARRJERS

KMeOol jacket

Stainless seel rop number per

Stainless seol strap
section and locotion as specified

‘— Formed closure band

)

Z—Pnformed {ongitudinal *Z" Joint

losure band

: S
\—Pipa wail

_— -
\—lnwldion

Section Detail of Closure Band

Section Detail of Longitudinal *Z" Jaint

Metai Jacket on Straight Pipe

Figure XX1 - 6
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APPLICATION TO UNDERGROUND PIPING

MODERATE AND HIGH TEMPERATURE SERVICE

There are three basically different systems used to insulate warm and hot lines underground.
One is the field applied insulation; another is the factory insulated piping conduit systems;
and the third is the fill type of applications. Whenever it is necessary to provide heat tracing
for a line the field applied insulation is most frequently used due to the complex problems

of securing properly designed traced piping from the manufacturer of preinsulated conduit

enclosed pipe.

FIELD APPLIED INSULATION

General

As all underground lines ore subjected to ground pressure and water, the insulation must have
high compressive strength and be water and vapor resistant. These requirements restrict the
choice of insulation down to one-cellular glass.

Preparation

The trench in which the insulated pipe is used must be properly prepared, otherwise the
finished installation may be damaged by any sharp projection or uneven contours when the
assembly is placed in position. A typical trench is shown in Figure XXII-1. The sand bed
at the bottom of the trench is essential to spread the compressive load imposed on the bottom
of the cellular glass when the insulated pipe is lowered into the trench. The digging of the
trench and its preparation is not done by the insulators, however, the insulator should make
sure that this work is done in accordance with the specification.

The pipe to be insulated should be cleaned of all oil, grease, dirt, rust, or scale. Where
coating is required, it must be coated in accordance with the coating schedule and specifica-
tions. The coating should be completely dry before insulation application is started.

If the pipe is to be steam traced or electric traced, the tracing should be instalied in accordance
with the specifications and in the manner described in Chapter XII - Application - General.

All of the cellular glass insulation pipe covering and fitting covers should be prefabricated to
dimensions required.

All the insides of the pipe covering should be coated with anti-abrasive coating to prevent pipe
movement from wearing away the insulation. This coating applied on the inner bore and edges
of the pipe covering must be dry before the insulation is installed. If the insulation is to be
installed on stainless steel pipe, the bore coating should be a silicon—graphite, anti-abrasive
coating. Instalied on pipe of other metals, the anti-abeasive coating should be formed of a
water solution of Keene's cement.

UCC 002992
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APPLICATION TO UNDERGROUND PIPING

MODERATE AND HIGH TEMPERATURE SERVICE

Gravel (odd drein
tile If required)

Trench Cross Sechion

Figure XX1I - 1
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APPLICATION TO UNDERGROUND PIPING

MODERATE AND HIGH 1EMPERATURE SERVICE

FIELD APPLIED INSULATION - Conid

Preparation - Contd

The accessory materials required for an application of cellular glass to pipe which is to be
locoted underground is as follows:

Stainless steel wire

Pipe insulation strap

Clips for pipe insulation strap
Anti-abrasive coating

Anti-abrasive coating (for application to stainless steel)
Concrete support pads (field poured)
High temperature fabrication cement
Joint sealer

Reinforcing cloth (g lass fabric)
Water-borrier coating

Graphite pipe slides for support pads

-

- —

Application

Being installed underground, the cellular glass insulation on the outside of the pipe cannot move.
Any movement of the insulation would cause cracks in the water barrier which would allow entry
of liquid water from the soil. For these reasons the pipe movement, due to expansion and con-
traction, must be frae to take place without hindrance inside of the insulation. Thus, expansion
chambers must be built into the insulation to provide spoce for the movement of the pipe.

In this application, its water barrier must be so constructed as to a water~tight conduit as well
as an insulation. Thus, every joint must be water tight and the system so constructed that pipe
movement will not exert forces on the insulation to break it and cause it to lose its water tightness.

Straight Pipe

Insulation up to 2-1/2 inches in thickness is to be installed in single layers. Installations of
3 inches thickness and greater is to be installed in multiple layers. This pipe insulation is
to be opplied in staggered positions. Where multiple layer insulation is used, butt joints of
one layer must not coincide with those of any other layer.

The cellular glass insulation must be fitted with very tight joints. Large voids should not be
filled with coating or cement, but the insulation should be recut and refitted to eliminate voids.
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FIELD APPLIED INSULATION - Contd

Straight Pipe - Contd

All installations where installation of insulation is on piping whose service temperature is less
than 212F shall have all longitudinal and circumferential butt edges buttered with joint sealer
before application. These joints should be drawn together when the insulation is applied so that
only a thin, vopor-tight and water-tight seal separates the sections of insulation.

Insulation installed on piping operating above 212F should be installed without sealer in butt
joints, however all butt edges and joints should have been previously coated with abrasive
resistant cement., Wherever it is necessary to field cut and immediately install pieces, the field
cut butt edges should be buttered with sealing compound to prevent abrasion of these butt joints.

All inner and outer layers up to and including 12 inch OD shall be secured with stainless steel
wires. All single, or outer layers of cellular glass over 12 inch OD shal! be secured by stainless
steel strop and double pronged clips. Spacing of the wire or the strap should be as shown in
Chapter X1 - Figure XI-14.

Expansion Chcmber

An expansion chamber, constructed of insulation of larger inside diometer than the outside
diometer of the pipe, shall be provided to allow for pipe movement at lead-off lines, expansion
loops, and where pipe direction changes ot elbows.

The inside diameter of these expansion chambers must be sufficiently large to accommodate all

the movement of the pipe without the exerting of forces on the cellular glass. The inside diometer
of the insulation for the expansion chamber should never be less than four inches greater than

the outside diameter of the pipe. However, if pipe movement is greater than two inches in

either direction, this inside diameter must be increased fo atlow for free movement of the pipe.

Expansion chambers should never be constructed of cellular glass insulation less than 2 inches
in thickness. If, for temperature consideration, the cellular glass requires greater thickness than
2 inches then, of course, this greater thickness shall be used.

The expansion chambers shall be constructed in such a manner that concrete poed supports molded

to fit the bottom of the expansion chamber will support the bore pipe. Between the concrete pads
and the bare pipe, graphite pipe slides shall be installed to permit free movement of the pipe.
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FIELD APPLIED INSULATION - Contd

Expansion Chamber - Contd

A table for determining the lengths and spacing of these concrete pads is given in Figure XXI1i-2.
Detail of installation of the graphite slides is shown in Figure XXI{-3.

A general assembly of an expansion chamber at lead-off pipe is shown in Figure XXIl~4 and at
elbows (or expansion loop} is shown in Figure XX[1=5. In all cases, the oversized pipe insulation
used to construct the expansion chamber should overlap the pipe covering on the siraight pipe

at least 6 inches. This overlapping joint shall be sealed with lap sealer.

Water-Barrier Application

Being underground, the assembly of the insulation plus the water-barrier must be a water
tight conduit which keeps the pipe dry. Thus, the outer finish over the insulation must be
installed with different materials and methods than ordinary weather=barriers.

The outer surface of the insulation shall be sprayed, brushed, or gloved with water-barrier
mastic to a thickness not less than 1/8=inch in thickness. While the coating is still tacky,

tar impregnated gless fabric reinforcing cloth shall be laid smooth and embedded in the mastic.
All edges of cloth shall be overlopped a minimum of three inches to provide a joint of equal
strength to that elsewhere. While the first coat is still tacky, a second coat of 1/8-inch
thickness should be applied in the same monner as the first coot. A second layer of the glass
reinforcing cloth shall be installed in the second coat of mastic in the manner described for
the installation of the first cloth reinforcing. Finally, before the second coat is completely
dry to touch, the third coat of water-barrier of 1/8-inch thickness should be applied. The
coating and layers of cloth shall be installed in a uniform manner to prevent uneven contraction
and a tendency toward surface cracks.

Installation in Trenches

After the water-barrier mastic has dried the assembly should be carefully laid in the trench on the
sand bed. During the moving of the assembly, care must be token to prevent bending of ihe
assembly which would crack the insulation and water-barrier. Should the assembly be inadvertently
cracked, the insuiation and the water=barrier finish should be carefully repaired to be os crack

free as all other parts. Care must be taken to prevent trenches from filling with water, and if so,
located so that its water level could not rise above lower third of assembly. The trenches should

be equipped with drain tile to drain water away. It must be remembered that hot gas or steam

lines insulated with cellular glass might be lighter than their displacement of water; and if the
trench became filied with water, might float to the surface.
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Cellulor glass
E —m—2=1n. min

PiP'\

Nominal Pipe Size Length of Concrete Pad Max C~to-C Spacing
(Inches) Dim A" (lnches) (feet)
3 and smoller 6 8
4 6 3
5 12 8
6 12 é
8 12 4
10 12 3
12 Continuous -

Size and Spacing of Concrete Support Pods

Figure XXII - 2
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Pipe

Graphite Slide Plate Cellular Glass Insulation

Graphite Cradle

Concrete Pad Support

INSTALLATION OF GRAPHITE CRADLE AND SLIDE
PLATE BETWEEN PIPE AND CONCRETE PAD

Figure XX1i-3
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3 —— &~in, min insulation overlop

Joint sealer —————-——‘—%

¥

Lead=off pipa
Stroight pipe insulation ——j % Concrete chomber cover

1l N

Concrete support pad ond slide plates

! £— Celluvlar gloss (ovenize)}

2L

3-in. min

.
Z
%
)3

I

2-in. min

I* A A A AT L

Water-barrier finish

2 & & & 2 4 L L X T L L)

Straight pipe insulation

Plon

Expansion Chamber ot Lead-off Pipe

Figure XX|1-4

PPN See Figure 10-JU-6
Water-borrier finish — ‘-@ for Soct o Ak

(-

Cellular glass, oversize
pipe insulotion

i

Cencrete support pod——————-
and slide plates

T

Distance to be sufficient
&L to ollow for free pipe movement

Concrete chamber cover ———1_»'

Straight pipe insulation

y A A A
)

Joint sealer
é=in. min insulotion overlap

Plan

Exponsion Chamber for Elbows ond Exponsion Loops

Figure XXit-5
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FIELD APPLIED INSULATION - Contd

Installation in Trenches - Contd

Backfill over the assembly shall be with a minimum of three inches of sand around the outside
of the insulation. For one foot above the assembly, the backfill should be rock free earth.
Above that the trench may be filled with any fill material available.

A section of completed straight pipe so insulated and instalied in a trench is shown in Figure XX1I-7.
A section of the expansion chamber is shown in Figure XXI[-6.

FACTORY INSULATED PIPE AND CONDUIT

General

Factory insulated pipe includes the pipe, insulation, outer conduit and accessories for the
joining together of the pipe, insulation, ond conduit sections. As such, the pipe insulation
and conduit must be ordered as a “package” to comply with the piping design. One type of
preinsulated pipe and conduit is pipe insulated with urethane foam in PVC jackets. Another
type is pipe insulated with any specified insulation, factory installed in steel conduit. As each
of these must be installed in a particular manner, the presentation regarding their installation

is seporated.

URETHANE FOAM INSULATION, PVC JACKET CONDUIT

This type of preinsulated pipe conduit is used on systems normally operating at temperatures from
SOF to 250F. As the insulation itself is water-resistant, it is particularly advantageous when used
on piping operating at less than 212F, but at a higher temperature than the ground in which it is
buried.

As a factory insulated system, the insulator is responsible for application of the insulation at
the connections between the individual sections and fittings.

Preparation

The trench in which the insulated pipe conduit is to be loid must be in accordance with the
drawings. The bottom of the trench should be uniform and smooth.

It is essential 1o determine that all straight insulated conduit, all factory insulation fittings,
insulation stock, and compression couplings are available at start of instaliation as these are
custom made and not readily avoilable. Types of fittings are shown in Figures XX11-8 and XX11-9.
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Bockfit}

Pipe

Concrare cover

3-in. min
Cellular gloss (oversize) Graphite Slide Plates
Congrete support pod

Weter-barrier finish

Grave! {add dmain
Sand tile if required)
Exponsion Loop Cross Section with Installation Completed
Figure XXII-6
Backfill material to it

Rock~free fackfill -
Sond

Pipe

Water-borrier finish
Cellular glass

Gravel (odd droin
tile if cequired)

Trench Cross Section with (rstollation Completed

Figure XXiI-7
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| PVC jackst conduit

o
\__mgld urethone [nswlation
Fipe

Typleal Prelnsuioted Pipe ond Tublng Elbow Fitings

Figure XX{I-8

6- ‘- . ‘l 6‘ | 6' 6-
B L L l ;
4 A S p— - g 1
Pipe .
PVC jacket conduit 107

Rigid urethone inwlation

Type | Type 1
Reducers

Typicat Preinalated Pipe ond Tubing Fittings

Figure XX11-9
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URETHANE FOAM INSULATION, PVC JACKET CONDUIT - Contd

Preparation ~ Contd

Prior to installation of any pipe or fittings, the compression coupling and its components must
be placed around the conduit adjacent to the section or fittings to be jointed. This is of
utmost importance as after the pipe is welded together, there is no way in which these can be
put in position around the conduit.

Application

After the piping hos been welded together, the loose scale, paint, dirt, grease, and other con-
taminate materials should be removed from the exposed ends of the pipe. Pipe should then be
tested.

The urethane insulation stock furnished to cover the exposed pipe ends should be fitted in between
adjacent factory instailed insulation. This pipe insulation shall be secured in position with stain-

less steel wire. The joining sleeve should then be slid into position over the joint insulation.

When in position, the stainless steel clamp rings shall be pulled tight by the bolts compressing

the rubber seal around the PVC conduit. Assembled coupling around joint is shown in Figure XX1I-10.

Anchors and terminals require special treatment. The anchors are supplied with steel welded
directly to the pipe. The insulation is installed around the pipe butted up to anchor steel. The
sections of preinsulated pipe conduit are installed to this anchor as previously described. However,
as the outer sleeve coupling must also butt up to the anchor steel, it is furnished in two sections
which after being placed in position are solvent welded to obtain its outer seal. After the insula-
tion ond sleeve are installed th. concrete anchor is poured around the ossembly .

INSULATED METAL CONDUIT

This type of preinsulated pipe is used for systems normally operating at elevated temperatures.
The top limit of operation is determined by the insulation specified. The preinsulated conduit
con be obtained with glass fiber insulation having o maximum temperature of 450F, calcium
silicate with a maximum temperature of 1000F, expanded silica with a maximum temperature
of 1400F, or with high-temperature calcium silicate with @ maximum temperature of 1800F,
However, generally, the ordinary usage is up to 750F, as special design is required for the
higher temperature.

Similar to other factory-applied conduit systems, the field insulator is responsible for application

ofc:hfe insulation ond water proofing at the field-connected junction between individual sections
and fittings.

A typical anchor assembly is shown in Figure XXH-11 and a conduit terminator assembly
is shown in Figure XX1I-12.
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Stainless steel clamp rings
Metal jolning sleeve
sthane coupling stock
Py bber gasket=seal

J

Welded or sweated pipe joint

PVC jacket on pipe or fitting

Typical Urethane Compression Coupling = Field Applied

Figure XX11 - 10
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Solvent wald to join holves of split sleeve

Conerefe —

Usethone inwlation

O PR A
axnd 1 ol
. -{ Wels all around a4l
'1‘" 7N 45
N / %3
& &
by s
A4, s
g = 5
ey ~ n Y 1
N S A 55 - s
b A e WL AT e A Y 24
A g \.M-ml plate to npociﬂecﬂon——\
/ Section A=A
PVC spiif sleeve Section AR

Aned

Typical Underground Pipe

Figure XXII - 11

Imulation o1 ipecified, for covering
beyond underground locations,

Typical Wates Stop and Termination of Conduit

Figure XX{]-12
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INSULATED METAL CONDUIT - Contd

Preparation

The trench in which the insulated pipe conduit is to be laid must be in accordance with the
drawings. The bottom of the trench should be uniform and smooth.

As the insulated pipe conduit is custom made, it is essential to check to determine that all of
the sections and fittings specified are available before the installation is started.

After the lines are welded and tested, all loose paint, dirt, rust, scale, or other extraneous
materials should be removed from the exposed ends of the pipe before the insulation and water
proofing is installed.

Application

The connections between sections of preinsulated conduit are water sealed in two different ways
depending upon the particular conduit obtained from the manufacturer.

Insulation Installation

1. The specified insulation is fitted to the exposed pipe ends which were
welded together, shown in Figure XXII-13. The sectional insulation is
secured in position by insulation straps and clips. This operation is shown
in Figure XXI11-14 and XXII-15.

2. The welder positions the cylindrical conduit closure and then seom-welds it
to the conduit. This operation is shown in Figure XXi1-16.

Water Sealing of Bituminous Covered Conduit

1. All metol surfaces should be covered with a brush coat of water proofing coating -
furnished by the manufacturer.

2. The areas between the connection band and the shop coating should be wrapped with
impregnated blanket, embedded in the water proofing coating to bring the surface of
this equal in height to the connection band..

3. Over the area between the ends of the shop coating in the conduit, cover with
the water proofing coating. One side of the impregnated blanket should be covered
with the coating, then with coated side of the blanket inward. The blanket should
be firmly pressed in position. After blanket has set in place, its entire surface should

?)e. covered with thg water-proofing coating to obtain a minimum thickness of the field
joint of not less than 1/8 inch.
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Figure XXI1-14
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Figure XXII~16
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INSULATED METAL CONDUIT - Contd

Water Sealing of Bituminous Covered Conduit - Contd

4,

Drape the top and sides of these field joints with 15-Ib asbestos pipe line
felt before backfilling.

Water Sealing of Epoxy Coated Conduit

1.

All high spots of welds and burned coating should be removed by grinding or
filing. The entire joint surface should then be cleaned with acetone, methyl
ethyl ketone, or xylol.

The epoxy cootings furnished, for this water and corrosion sealing, ore a two-
part-mix catalyst type. The contents of the catalyst should be added to the epoxy
coating, then stirred for four or five minutes.

The mixed coating should be applied to the entire joint area and over the factory-
cooted conduit. This must be allowed to dry for o minimum of eight hours before
proceeding with next coat.

The second coat of epoxy should be applied while the first coat is still soft. Two

layers of &-inch-wide glass cloth, overlapping 2 inches on each wrap, should be
spiral-wrapped over the joint, and 6 inches over the adjacent factory-opplied conduit
wrapping. Each loyer should be wrapped in opposite directions, and each layer should
be brush-coated with the epoxy coating. After thirty minutes, when coating over last
layer of glass cloth has set tack-free a final heavy coat of epoxy coating should be
applied giving o completely smooth outer surface. Backfilling should not be started
before coating is har ‘

Note: The curing time of epoxy coatings is affected by temperature and humidity. As temperature
goes down, the curing time of the epoxy is increased. Also, when humidity increases, the
time of curing is increased. At ambient temperatures of 60F or above, no heat need be
applied to accelerate the cure of the epoxy coating. If ambient temperature below 60F is
encountered and it is necessory to backfill trenches with a minimum delay, heat may be
opplied to the joints to accelerate the cure. This may be accomplished by the use of
infra~red electric bulbs or radiant heaters. Core must be taken that the coating is
not heated above 150F, as temperatures above this will burn or deteriorate the coating.

Trench Backfilling

The backfi!ling material should be free of rocks and concrete debris. No backfilling should be
done on both sides of the conduit simultaneously. The soil should be deposited in uniform layers,
not over six inches in thickness and tamped.

UCC 003009
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FILL TYPE INSULATION

This type of insulation is a bituminous fill which is poured end tamped around the pipe in the
trench. When heated it fuses around the pipe to form a protective envelope. Proper grade
of material, depending upon temperature of pipe, must be used to obtain this fushion.

PREPARATION

The trench must be properly prepared to allow sufficient space for installation of the insulation.
The pipe installed in the trench must be supported io allow for sufficient insulation between the
bottom of pipe and bottom of trench. Minimum dimension for trench to accommodate various
sizes of pipe is shown in Figure XXIi-17. Where width of trench is greater than required, o leap-
frog form should be constructed for side wails.

Special trenching is required at expansvon loops with allowance provided for pipe movement.
Dimensions of trenches at loops are given in Figure XX11-18.

Process lines must be completely welded and tested before installation of the fill insulation.
Also, all loose paint, rust, dirt, and scale must be removed prior to application of insulation.

All standing water in the trench shall be removed before commencing application.

APPLICATION

The fill insulation should be removed from the bags with a minimum of free fall, in order to

reduce the dust. Generally it is instalied most efficiently by placing unopened bag on the pipe,

then slitting it, then carefully pouring the insulation out of the bag around the pipe. The fill
insulation shall be installed in successive layers approximately six inches in thickness. Each
layer must be thoroughly consolidated by knifing vigorously with a round shovel point or similar
tool. Care must be taken to compact the material solidly against the bottom and around sides
of pipe. When the top layer has been knifed thoroughly it should be leveled and tamped.
Tamping should be done with 8" x 8", 1/4" thick steel plate attached to handle of suitable
length. This application may be made in the trench cavity or be in side wall forms.

Where the bituminous fill insulation system emerged above the surface, o transition consisting

of a 20 gauge galvanized steel jacket shall be provided for the fill insulation to extend above
the ground surface. The junction of the bituminous fill insulation and the above-grade insulation
sholl be sealed with a weather=barrier coating. This is illustrated in Figure XX11-19.
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> > RECOMMENDED ENVELOPS
7N NOMINAL DIMENSION
PIE M
c N SIZE i,
R INCHES INCHES
, '_; : 2 Earth backfill TT0 4 .
AN BAND & )
X s )
10 AND 12 [
. Bituminous FiHl . 1"
. insylotion Y,
> K
.y — Pipe
? - + Bench optional
3 ; k
X B NOTE:
- .// [ ! -‘
4 4 / i Lines buried closely, as shown,
i i must be at approximately the same
Ty o temperature. Lines of dissimilor
Zi g l e ) temperatures should not be in the
; i soms trench, ond wherever possible
-~ Pipe support ‘ should be 4'-0" apan.
Application of Bituminous Fill Insulation to Undemround Piping

Figure XXiI-17

<
44
<

min

- ~Bituminous fill insulatior

—

RECOMMENDED ENVELOPS
NOMINAL | DIMENSION | OIMENSION
A "»"

SIZE MiN. Min, i
INCHES INCHES INCHES |

E 170 & 4 9

2 S AND & s 0
L3

[ ] ] "
-

10 AND 12 [ 3

% " '8

Application of Bituminous Fill Inslotion to Underground Expansion Loops

I*M!““'“'“m“”“*“—““

Figure XXIi-18
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Preformed insulation, ) Weather barrier seal over

a3 specified fill ond metal jocket

.~——20-goge golvanized itee! jocket,
outside surface cooted with twe
coots of corrosion-resistant cooting
before installotion.

Z

——Bituminous fill insulation

RECOMMENDED ENVELOPS

NOMINAL PIPE DIMENSION “A”
SIZE, INCHES MIN, INCHES
| To 4 .
S AND & s
s [
10 AND 12 s
it 1

Transition and Termination of Bituminous Fill Insulation

Figure XXN-19

UCC 003012

= S



I STANDARD

-_CARBIDE OWMNCALS AND PLATICH

x

APPLICATICN TO UNDERGROUND Pt
MODERATE AND SIGH WA RS SHNG

WPPLICATION - Contd

vhere lines insulated with bituminous fill enrer & mennoie o Sui ldfing woll
e inserted in a sleeve projecting rhrough e weil. Ssoce Setween y
be packed with asbestos rope or leod bacxing.

the pipe vhalt
“P"Q gt

Yhen application is completed the insulotion must ae - . N
Surec ot the
specified by the manufacturer. - Temperatre ond Hae o

.RENCH BACKFILLING

‘he backfilling material should ba free of ; -

N Oor TOCK O & Soncrete ¥ -
.n uniform layers not over six inches in thiccess =nc DerYS. 3"&_ . u.:ul should b: CPOm: Yoy
not be less than 12 inches over -he 00 af e 55 wm; ; o= ,'a'. mm- Bocki il wail

UCC 003013



CHAPTER XX11)
APPLICATOR TRAINING
SEILLTER STANDARD PAGE 408
mess o APRIL 1970

'SAFETY AND HEALTH

DEFINITION

The dictionary definition of safety is: The condition of being safe from undergoing or causing
hurt, injury or loss,

In this sense safety covers more than just the prevention of personal injuries but also covers pre-
vention of damage to personal health, and prevention of property and production loss.

Safety means the prevention of accidents, the definition of accident being: an accident is an
unintentional interruption to an orderly process = a turning aside of an intended procedure.

Thus, safety is the orderly manner to achieve desired results free of loss due to injuries, health,
time, or property. To accomplish safety in our complex construction of plants and their operation

requires highly intelligent craftsmen.

SAFETY REGULATIONS

City and State Construction Laws and Regulations

The lows and regulations of cities and states governing construction differ in each community,

thus it is impossible to present in this chapter any reasonable summary of these laws. However, even
though there may be differences, these laws were passed for the protection of the individual and
they should be followed.

Recommended safety practices for construction have been set forth in a manual “Manual of Accident
Prevention in Construction" by the Associated Teneral Contractors of America, Inc. All Union
Carbide Corporation construction personnel or contractors are expected to abide by the practices
set forth in this manual.

Company Regulations and Safety Practices

Each plant has developed safety practices for its particular set of conditions. These too were
developed for the protection of the individual and it is of extreme importance that each individual
abide by these for his own protection and those of his fellow employees.

These following statements are made to further establish the :company's safety policy for construc-

tion and maintenance craftsmen. The more particular circumstances in which the insulator must
toke precautions are presented in this chapter.
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SAFETY AND HEALTH

PROTECTION FROM PERSONAL INJURIES

Protection from Falls

To install insulation on equipment, on columns, vessels and pipes at elevations above ground
level requires that the applicator work from scaffolding and ladders.

Ladders

Folls from ladders cre one of the most common construction accidents. Intelligent use
of lodders is necessary fo prevent accidents.

Use of Ladders

1.

The ladder selected for o particular job must be one intended for that use, and
in good safe condition.

. The foot of the ladder should be placed approximately 1/4 of its length from the

vertical plane of its top support.
Lodder feet should be placed on substantial, level base.

Both top and bottom of the ladder must be secured to prevent movement. Securement
should be os shown in Figure XXIII-1.

Lodders leading to platforms, or walkways, must extend ot least 36" above that level.
Long ladders must be braced at intermediate points as necessary fo prevent spring.

Ladders must be climbed or descended properly, by facing the ladder and using both
hands 1o hold onto rungs.

. Objects should not be carried in hands while climbing or descending a ladder.

9. Metal ladders must not be used around electrical circuits, becouse if they accidentally
come in contact with o "hot” wire they become a conductor of electricity.
Scaffolds

Other than falls, the use of scaffolds has one other potential hazard; that is, objects laid
on scaffold boards falling off causing damage or injury.
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SAFETY AND HEALTH

PROTECTION FROM PERSONAL INJURIES - Contd

Protection from Falls = Contd

Scaffolds - Contd
Although it is not the responsibility of the insulation applicator to build scaffolds, he should
make it his responsibility not to work on any scaffold that is unsafe. To help him judge

scaffolds the following is presented.

1. The scaffolding must be on firm footing. Footing should be secured against movement
by recessing, staking or other means.

2. AIll uprights must be plumb. For steel scaffolds less than 75 ft. high, 2" diameter tubing:
is recommended. For scaffolding above this height, 2-1/2" diameter tubing is minimum.

3. Platform of wood planks must be firm and steady. All lap joints should be at ledgers,
minimum 6" drop lap on each side of ledger. All planks should be secured by wire
and/or nails to provide solid footing and prevent them being blown off by wind.

4. Guardrails and toe boards are recommended.

" 5. Install overhead danger signs.

Use of Scoffolds

1. Scaffold working platforms should be free of ice, snow, oil, slick dust, or other
debris while being used.

2. No open fire should be permitted upon or near wooden scaffolds, or flommable components
such as canvas or polyethylene covers.

3. Scaffold structures should be protected from trucks or other vehicles.
4. No moterials should be stockpiled on scaffolds.

5. Swing stage scaffolds should be tested with four times the load before being used. Afl
suspension ropes or cables, blocks and sheaves should be frequently inspected. No
more than two workmen should be permitted on a swinging scaffold. Workman should
be equipped with sofety harness with harness snaps attached to "edge"” in 1/4" steel
rope every 5 ft. which is anchored to a secure overhead attachment.
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PROTECTION FROM PERSONAL INJURIES - Contd

Protection from Burns

Applicators of insulation must be careful to prevent burns to themselves and others. There are
three major hozards contributing to accidental burns; these are: (1) fire, (2) hot surfaces, and
(3) chemicals or solvents.

Protection from Burns by Fires

Everyone knows that fire can cause serious burns, and no one attempts to come in contact with
fire or flame. The important factor is preventing accidental fires. As this is such a broad and
important subject it will be discussed later in this chapter as a separate subject.

Protection from Burns by Hot Surfaces

Many burns are caused by an individual coming into contact with a hot surface.

Our safety requirements state that hot piping or vessels operating at high temperatures shall be
insulated 6'0" above grade or operating levels to prevent burns. Unfortunately for the con-
struction and maintenance insulation workers, they must apply insulation at levels where hot
pipe or vessels are not insulated. For this reason, no bare pipe or projection should be used
for hand support or for climbing until it is determined that it is not too hot. Any blackened

copper tube or pipe is most likely hot. Aluminum pipe or aluminum jacketed insulation can be

very deceptfive. Because of its low emittance, aluminum radiates very little heat, thus gives
little warning that the surface is hot. However, where in direct contact, its high conductivity
will transmit heat to the skin rapidly, causing severe burns.

Protection from Exposure to Solvents or Chemicals

Many chemicals, such as acids or caustics can cause burns, or be very toxic. Care must be
taken not to come into contact with liquids or vapors of unknown chemicals. Take extreme
caution in working near a leaky flange, valve and any vent valves. Vent valves are dangerous
as they might be discharged unexpectedly.

When removing insulation, do not handle any saturated insulation with unprotected hands unless
it has been previously determined that the liquid is nontoxic and nonburning to the skin.

in cases where a person inadvertently does come into contact with chemicals he should immediately

w?sh in a sofety shower ond use nearest eye bath. Foreign matter in the eye should be flushed out
with water. The eye should not be rubbed under any circumstonce. As soon as possible report to
the Medical Department for a checkup.
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PROTECTION FROM PERSONAL INJURIES - Contd

Protection from Exposure to Solvents or Chemicals - Contd

Before storting work in o chemical unit, the applicator or his foreman should check with unit
head operator to determine location and nature of hazard in that unit. Each insulator must be
odvised of these hazards. In all cases, when working in areas of toxic chemicals, proper
protective clothing, safety glasses and masks must be worn to prevent injuries.

Many materials used such as adhesives, sealers and insulation contain compounds which will

burn the skin, are toxic, or cause eye irritation. When these are hand mixed, applied, or sprayed,
the first most important step is to read the instructions and warnings on the can or container.

These instructions must be followed.

Prevention from Exposure to Excessive Noise

Extended exposure to loud noise can cause reduction in hearing ability. When work must be
performed in noisy locations proper ear protection devices as recommended by plant sofety group
must be worn,

Prevention of Cuts and Electrical Shock

Cuts are most generally caused by the improper use of power tools, hand tools, or from coming
into contact with a sharp projection. All insulators must use tools which can cause bad cuts.

Power Tools

Other than cuts, electric power tools may couse an electric shock to the user if a tool is
improperly connected or grounded. Most permanently placed electric-driven equipment,
properly connected by the electricians, is free of electrical hazard. The major cause of
electrical shock is in the use of portable electrically driven equipment in improper condition.
Some of the main points to be remembered are:

1. Check Operating Department to be sure that electrical tools are suitable for use in
the area. (Hazardous Work Permit)

2. If extension cords are used, make connections at the tool and then toward the power

s:urce. An improper connection, or short, then will blow the fuse rather than shock
the user,

3. Check frequently for cable insulation breaks, especially at the socket and at the
point of attachment to the tool.

4. I:Aake sure that all tools are properly third-wire grounded or are of the double grounded
ype.

ucCC 003019



CHAPTER XX!II
APPLICATOR TRAINING

urviowt STANDARD PAGE 414
CARBIDE CHEMICALS AO PLASTCY APR"- ‘970

SAFETY AND HEALTH

PROTECTION FROM PERSONAL INJURIES - Contd

Prevention of Cuts and Electrical Shock - Contd

Power Tools - Contd

5. When electric tools are used in wet areas, an insulated platform and rubber gloves
should be used.

Use of Power Tools

Other than cuts, proper precautions from eye injuries must be taken when using power sows,
drills or other cutting equipment.

1. Damaged or worn tools should not be used. They must be repaired or replaced before
use.

2. Sacfety equipment, such as guords, must be used.

3. Proper eye protection must be worn.

4. Saw blades must be regularly checked and kept in good condition.

5. -Blade used must be as recommended for material being cuf‘.

6. Approved type respirators must be worn when operator is exposed to harmful dust.

Use of Hand Tools

1. The weight, size and type of tool should be selected to fit the job.

2. All cutting tools should be kept sharp, as sharp tools improve accuracy and are safer
to use than dull tools.

3. All tools should be protected against damage from corrosion. Keep adjustable parts
lubricated to prevent wear and for efficient operation.

4. All tools should be placed in tool holders, or secured in proper manner so that they
cannot fall from scaffold.

5. When required, such as when sheet metal is being installed, proper protective gloves
must be worn.
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PROTECTION FROM PERSONAL INJURIES - Contd

Prevention of Cuts and Electrical Shock - Contd

Sharp Projections

Care should be taken at all times not to fall, slip, or wolk against any projection
which can cause injury.

Wire, with ends twisted to secure insulation, should have twisted ends bent back
and embedded in insulation.

Sharp, cut ends of straps, or clips, should be enddown and back to prevent sharp
projection,

Any sharp corners of metal jackets should be rounded off.
Shorp edges of metal jackets should either be folded or bent back so as not to be a

hazard.
/—4

//
Protection-from Eye Injuries

//
—~ 1

2.

3.

Care must be taken to prevent any splashing, drip, or vapor of chemicals coming into
contact with the eyes.

Care must be taken to prevent particles of solids from getting into the eyes.

Approved eye protection must be worn at all times.

Protection from Falling Objects

'0

Before entering any construction area observe what hazards may exist overhead. Do
not stand or work where there is danger of falling objects.

2. Wear hard hat at all times in plant or construction areas.

3. Remove all loose objects from ledges or scaffold platforms prior to performing work in

that area.
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Protection from Moving Equipment

1. When necessary to work near or over moving or rotating equipment, it is necessary
that when working above this equipment a deck must be provided, and when close
to the sides a borricade should be erected.

Protection from High Pressure Spray Equipment

If not handled carefully, any compressed air operated pump or spray gun can be dangerous.
Loosened {ets or tips can be ejected under pressure, hose or container can be split by pressure,
thus thorough knowledge of equipment being used is important. Unfortunately, due to all the
types and manufactures of pumps and equipment, it is impossible to give detailed instructions in
this manual and only the fundomental precautions can be given.

1. Never exceed the recommended air pressure of the equipment being used.

2. Even though unit is stopped and air to pump is shut off, there still remains dangerous
pressure in the system. This pressure must be relieved to prevent accidents while
servicing or handling.

3. Hondle gun with core. Nozzle velocity is dangerous. At close range the pressure
stream CAN PENETRATE THE SKIN TO CAUSE SERIOUS INJURY.

4. Always use extreme care when removing hose from gun. A plugged line contains liquid
paint, mastic or chemicals under pressure. Always release pressure in system by closing
pump air valve and opening dump valve or spray gun.

5. Precautions for handling gun is given in following chart.

Protection from Compressed Air

1. Hose and equipment must be in good safe condition.
2. Plant air must never be used to clean dust off clothes.

FIRST AID, REPORT OF ACCIDENTS, AND GENERAL POLICY ON EMERGENCY SITUATIONS

It is important to all craftsmen to know what to do in case of on accident or emergency. Eoch
Plant and each Department within a Plont have different rules covering such safety items. The
training covering these safety items should be given all employees in General Croft Training.
Most Ptant Training Programs will include:
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1. Emergency reporting procedure using emergency alarm boxes to provide emergency
aids such as Fire Protection, First Aid Rescue Squads, Operating Supervision, ond
Doctors when on duty.

2. Dispensary reporting system for injuries other than emergency.

3. Unsofe working condition reporting system.

4. Job Hozordous Analysis system.

5. First Aid general instructions.

HEALTH PROBLEMS

Health problems can be caused by the materials being produced in the plant (or unit) in which
work is being done by the applicator. Likewise, health problems can be caused by the materials
(insulation or accessories) being applied by the applicator.

Chemical plants produce liquids and gases which are toxic. For this reason care must be taken
in working in a chemical plant not to come into contact with toxic liquids, nor breath toxic
fumes. As each unit within a plant is probably different from others within that plant, safety
precautions not only differ from plant to plant, but also unit to unit. For this reason the
craftsman must become familior with the safety precautions necessary in each unit where he is
working. These safety precautions must be followed.

During application of some insulation materials and accessories the installation itself may be a
health hazard unless proper precautions are taken.

PRECAUTIONS IN APPLICATION

Spraying of Urethane Foam Insulation

Where urethone systems ore sprayed to produce foam insulation, the fumes and droplets in the
surrounding air are toxic and hazardous. When sproyed indoors or a confined area, fresh gir
masks must be worn. in all cases eyes should be protected by sofety glasses.

When mastics or other coatings mixed wi th toxic solvents are sprayed, safety precavtions stated
above should be followed.

Various solvents are toxic, so in mixing, spray or brush application, care must be token.

Epoxy compounds are an example of such materials that might cause skin rashes, severe itching,
eye irritation and respiratory ailments. Materials of this type must never be used without adequate
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PRECAUTIONS IN APPLICATION - Conid

Spraying of Urethane Foom Insulation - Contd

ventilation. Confined fumes and solvent vapors can seriously irritate the eyes, lungs and
respiratory tract. Likewise confined fumes moy be a fire and explosion hazard. in cases
where fumes or solvents come into contact with the skin they should be immediately washed

off with soap, woter and scrubbing brush.

Protection from Dust Hazards

Dusts of various kinds cause respiratory and lung ailments. In the past few years considerable
attention has been given to dust associated with insulation materials. It has been shown that
excessive exposure to dust contoining asbestos has a detrimental effect. The lungs of workers

of excessive exposure to the inhalation of asbestos contain small microscopic size structures
composed of fiber coated with layers of protein and iron. This non-malignont lung disease
is called asbestosis. The risk of asbestosis can be eliminated by proper protective measures
and use of proper breathing equipment.

Safety Practices for Handling and Applying Thermal Insulation Products Containing Asbestos

Pipe ond Block Insulation

Warehousing, Storage and Handling

Under normal conditions, the handling, storage and warehousing of undamaged cartons
of pipe and block insulations, containing asbestos, present no health safety problems.
If cartons are broken or materials damaged while insulation is being handled, the
following steps should taken:

1. Care should be token to avoid generating dust when piling, stacking or placing
pieces into containers,

2. If spillage occurs, debris should be cleaned up immediately. Repaock usable materials.

3. When cleaning spillage, vacuum equipment is recommended for picking up dust
and small porticles.

4. If large quantities of spillage occurs and cleaning involves sweeping and/or shoveling
that could create excessive airborne dust, the waste should be wet down with water
and should this not be possible or dust still occurs, approved breathing equipment
should be worn.
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Pipe and Block Insulation = Contd

Warehousing, Storage and Handling - Contd

5. Only usable material should be returned from the job site to the warehouse.

4. When returning material from the job site, clean dust and debris off cartons.
Repack odd lot pieces. Close cartons.

Fabrication in Warehouse and Job Site Shops

1. Open and remove the material from cartons with care.

2. Handle and stack pieces of material in a manner that will avoid breakage and
generating dust,

3. Mechanicol dust collecting systems adequately designed to remove dust at the source

should be installed on power-operated, fixed and portable equipment in the warehouse
shop and/or in the job site shop.

4. All machines should be furnished with suitable waste containers for the collection of
scrap ond waste to prevent the material from falling on the floor and generating dust.

5. Shop-fabricated pieces of Thermal Insulation such as fittings, segments, etc., should
be ploced in containers. Care should be taken when handiing these pieces during piling,
stacking and packing.

é. Containers should be closed after packing and remain closed until the material is used.

Application Procedures

1. Unpacking and application of the material should be cone in a manner that will
minimize airborne dust,

2. Avoid dropping, throwing or unnecessary rough handling of insulation materials.

3. Keep floors and surfaces clean of scrap, shavings and debris. Put unusable material
into woste containers immediately.
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4. Hand sawing, cutting, jacket stripping, etc. should be done in a manner that will
create minimal airborne dust. Use of proper methods and tools will help considerably
towards dust abatement.

5. When working in confined spaces, portable dust collectors or exhaust blowers should
be provided to remove dust from the source.

6. If conditions prevent collecting or exhausting dust from the source, use exhaust blowers
to provide general room air changes.

7. Avoid exhausting into other working areas.

8. In confined spaces, if mechanical exhaust equipment cannot be used, approved
breathing equipment should be worn.

9. When wiring or banding insulation and applying jackets or facings, care should be
taken to avoid generating excessive dust, using the precautionory measures described
above.

10. Surplus usable materials should be placed in cartons, which should be closed and returned
to the warehouse.
Cements

Warehousing, Storage and Handling

Handling and storage of closed bags containing cements do not present health safety
hazards, provided bags are unopened and not broken.

1.

When unloading railroad cars and trucks, if there is excessive loose material resulting
from opened or broken bags, respirators should be worn during clean-up and unloading.

Spillage should be cleaned up and open or broken bags repacked, resealed or discarded
immediately to prevent distribution of dust into other areas.

If bags are damaged and spillage occurs in the warehouse, material should be cleaned
up immediately to prevent distribution into other areas. Vacuum equipment is recommended

for this cleaning.
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Cements ~ Contd

Warehousing, Storage and Hondling - Contd

4,

If large quantities of spillage occurs and cleaning involves sweeping and/or shaveling
that could create excessive dust, respirators should be worn.

Application of Cements

Opening, dumping and discarding of bags should be done with the utmost care to avoid
generating excessive dust.

i,

Open the bag wide enough to empty without shaking.

2. When dumping, keep bag on the mortar box mixing level fo avoid dropping.

3. Do not shake bags.

4. Place empty bags in a container, wet down contents, and discard.

5. Mixing area should be well ventilated, but free from heavy drafts that will cause dry
material to become airborne.

6. Material should be mixed in o morter box, pail or tub and not on the floor.

7. Wet the material and mix into a slurry as quickly as possible.

8. When mixing cement in a confined space where proper ventilation is inadequate,
respirators should be worn.

Cleoning

1. Bag breakage, cleaning up dry cement and discarding bags at the mixing areo should be
handled in the same manner as recommended under Warehousing, Storage and Handling.

2. Wet down tools, mortar boxes, wheelbarrows, mixing containers, and any spillage
before scraping and cleaning.

3. Cements should be handled wet whenever possible. Wet material will create no dust

problem.
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Spraying of Thermal Insulation

Spraying Aregos

Spraying of Thermal Insulation Products containing osbestos requires special precautionary
measures. Refer to the Sprayed Mineral Fiber Manufacturers Association for Sprayed
Fiber Application Practices.

1.

The equipment and machinery to be sprayed should be shielded by adequate wind
breaks and, where practicable, drop cloths to prevent excessive dust and contemina-
tion in adjacent areas.

Workers not engaged in the spraying operations should wear respirators when entering
an area within 15 feet of the spraying machine, nozzle or equipment.

Where Sprayed Fiber Application Practices cannot be followed and excessive airborne
dust is generated, it is recommended that portable mechanical exhaust ventilation be
used to remove airborne dust. Exhaust must be located to avoid contamination of
other occupied areas.

Application

1.

All personnel in the immediate area engaged in the machine feeding and spraying
operation should wear respirators, whether in confined or open areas, ventilated
or not ventilated.

. Respirators should be worn after the spraying operation has been concluded and until

the generated dust concentration has cleared.

Other Workmen

All personnel not involved with the machine feeding and spraying operation should be
kpet from the spraying area until the generated dust concentration has cleared.

Cleaning

1.

Spillage and excess spraying materials should be cleaned up immedictely after
spraying operations have been completed.

UCC 003028
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Cements - Contd

Spraying of Thermal Insulation - Contd

Cleoning = Contd

2. Settled dust and fly material should be removed from all surfaces to avoid airborne
contamination. Vacuum cleoning is recommended for this purpose.

3. Scrap spray material should be wet down and placed in closed containers for disposal.
4. Tools, lodders, etc. should be cleaned wet.
5. Avoid brushing, sweeping and shoveling dry material whenever possible.
6. Respirotors should be worn during clean-up.
Stripping of Thermal Insulation

—
// Stripping Area

Careful work methods, use of proper tools, and wetting down will minimize excessive dusts
in stripping operations.

1. The area in whichstripping takes place should be confined by means of curtains,
portable partitions, etc., to prevent excessive dust contamination in adjacent areas.

2. If area cannot be confined, only workmen engaged in stripping should be permitted
in the work location.

Stripping and Tecring Off

T. All personnel in the stripping area engaged in tearing off, handling, cleaning
and disposing of material should wear respirators.

2. Where circumstances permit, materials should be wetted down prior to and during
removal .

3. Where oppliccble, portable mechanical exhaust ventilation should be used to remove
airborne dust.

4. Avoid unnecessary re-handling of scrap.
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5. Locate truck, "Dumpster” bucket or final disposal equipment as close to
stripping site as possible.

6. Wet down scrop material before shoveling, hauling or dumping.
7. Do not permit accumulation of scrap and debris on floor and other surfaces.
8. Vacuum equipment is recommended for cleaning up during and after stripping.

Other Workmen

1. Personnel not involved in the stripping and tearing off operation should not
be permitted in the stripping area.

2. If it is essential for other workmen to be in the work area, respirators should
be worn by them.

Safety Practices for Handling and Applying Thermal Insulation
Products Containing Minerai Fibers

Tests indicate that mineral fibers can cause respiratory di fficulties and skin irritation. For
this reason they should also be handled in a manner not to generate dust. Listed below are
the protective measures to follow when these materiols are used.

Housekeeping

An organized housekeeping program should be maintained in all areas and on all operations
at all times, : - _

A major source of excessive airborne dust is from loose materials, scrap, and debris distributed

throughout the job area and disintegrated by trampiing on, running over, etc. Much of the
airborne contamination con be eliminated by exercising simple good housekeeping practices.

UCC 003030
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Safety Practices for Handling and Applying Thermal Insulation
Products Containing Mineral Fibers - Contd

Housekeeping - Contd

Specific standords ond practices designed for providing safe, clean and orderly working
conditions should be defined.

Efficient supervisory control, planning of systematic cleaning plus day to day follow~up
are the basic requirements for dust control and health protection.

Physical Contact with Mineral Fibers

1. If particles accumulate on exposed skin areas, do not rub or scratch. Remove the
porticles by washing thoroughly with soap and warm water. If water is not available,
use dry wash materials (waterless soap and paper towels).

2. Long-sieeve shirts, long trousers and cops should be worn to cover maximum skin areos
to avoid contact with the mineral fibers. Clothing should be loose fitting ot collars,
wrist bands and waist bands and waist to eliminate skin irritation.

3. Borrier creams applied to exposed skin areas will provide protection against skin
irritation. They should be used prior to handling the material and applied according
to instructions.

4. Good personal hygiene practices are essential. Thoroughly wash exposed skin areas
periodically and shower at end of the work day. Change and launder work clothing
frequently, separately from other articles.

5. Proper work methods and practices that will eliminate the creation of excessive dust
should be adhered to of all times.

6. Svitable gloves should be worri when handling abrasive materials.
7. Mineral fiber slivers that superficially penetrate the skin should be removed by
thorough washing. Those embedded in the skin should be removed immediately and

medicol treatment administered.

8. Scfefty glasses, goggles or face shields should be worn when applying materials overhead
or in areas where airborne particles may get into the eyes.

UcC 003031
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Exposure to Excessive Mineral Fiber Dusts

1.

When mineral fiber materials are machine sawed, die cut, slit, etc., mechanical dust
collecting systems adequately designed to remove dust at the source should be installed.

Hand cutting, jacket stripping, etc., should be done in a manner that will create
minimal airborne dust. Proper methods and tools will help considerably to abate dust.

. When working in confined spaces, dust collecting systems adequately designed should

be provided to remove dust from the source. If conditions prevent collecting dust, use
exhoust blowers to provide general room air changes. Avoid exhausting into other work
areas. {f mechanical exhoust equipment cannot be used to remove excessive dusts,
respirators should be worn.

When applying mineral fiber insulation overhead, workers should be clothed as described
under "Physical Contact with Mineral Fibers", wear eye protection and respirators if
excessive dust is generated.

. When mineral fiber thermal insulations are stripped from piping or other surfaces, the

area in which stripping takes place should be confined by means of curtains, portable
partitions, etc., to prevent excessive dust concentrations in adjacent areas. All workers
in the stripping area engaged in tearing off, handling, cleaning and disposing of material
should be clothed as described under "Physical Contact with Mineral Fibers", wear eye
protection and respirators,

Where circumstances permit, materials should be wetted down prior to and during removal.
Where applicable, portable mechanical exhaust ventilation should be used to remove
airborne dusts from the area.

. Avoid unnecessary rehondling of scrap by locating disposal equipment as close to working

area as possible. Do not permit accumulation of screp and debris on floor and other
surfaces.

FIRES AND EXPLOSION HAZARDS

Similar to other hazards previously mentioned, the hazard of fire and explosion involving
insulation may be during the period of instaliation, or possibly after the installation is completed.
in the first instance, the preventing fires or explosions during the time of opplication can generally

ucC 003032
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FIRES AND EXPLOSION HAZARDS - Contd

be controlled by safe installation practices. All plant safety regulations must be followed,
such os wearing of hard hats, safety glasses and no smoking. Fires caused by coatings or
insulations after installation may be the fault of incorrect design, or selection of materials
over which the applicator has no control. However, when an applicator substitutes o

matericl from that specified, he may, without knowing it, be the cause of a fire or explosion.

Safety Practices to Prevent Fires and Explosions During Application

Welding

Whenever welding is required, such as for the attachment of securement pins, when in an
operating plant a hazardous work permit must be obtained and all precautions taken as
required by the plant. The following are some of the fundomental safe practices which
should be followed:

1. Frome of all welding machines should be grounded.

2. Remove all {oose combustible materials from area of welding.

3. Remove all volatile materials such as solvents or paint from area of welding.

4. Wet down any combustible material with water and have standby water hose.

5. Shield all wood scaffold planking with asbestos felt or metal .

6. Provide metal bucket for disposal of hot electrode stubs.

7. Wear proper protective clothing such os eye shields, flome-resistant gauntlet gloves,
flame-resistant aprons and caps.

Handling and Application of Combustible Coatings and Solvents

Coatings and solvents should be carefully handled to prevent damage to the cans and their
identification. Care should be exercised to prevent contamination. All drums should be
grounded in accordance with Standord EL-64, to moke them safe from static build-up when
material is poured from drum into smaller containers. Adequate fire extinguishing equipment
should be provided at storage locations.
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SAFETY AND HEALTH

FIRES AND EXPLOSION HAZARDS - Contd

Handling and Applicotion of Combustible Coatings and Solvents - Contd

When any combustible insulation, coating, sealer or adhesive is used, care must be taken that
none is installed or spilled on hot surfaces which might cause ignition. Particular care must
be used in the instollation of materials in units, pipes, or vessels already in operation,

Fire and Explosion Hazards of Insulations and Coutinain Service

Chemical leakage and atmospheric contamination may be absorbed by many insulations. insulation
soturated by chemicals can be a hazard in two ways: One, due to the large amount of liquid it
can absorb, saturated insulation is capable of holding up to five times its own weight of a liquid.
With the amount of insulation used on vessels and pipes it thus, when saturated with o combustible,
can provide large quantities of fuel for a fire, and be responsible for fire spread. Two, many
chemicals react (such as oxide) in the presence of insulation to couse fires, or their flash point
and flame point temperature is so reduced by the chemical contamination that they are easily
ignited.

In one year the Process Safety Department, in one plant, reported 35 fires caused by flammable
chemicols in insulation. This resulted in initiating tests to determine self-ignition of chemicals
in contact with insulation. From this program certain guidelines for the use of insulation been
developed.

1. Vessels and pipe containing ethylene oxide should be insulated with expanded silica
insulation. For ordinary temperature control Spec. 22-H, or where longer term fire
protection is necessary 32~HFP, should be used.

2. Acetylene lines and vessels operating above ambient temperature should be insulated
with expanded silica insulation Spec. 32 HFP, and below ambient temperature should
be insulated with a combination of inner layer (or layers of cellular glass and outer
layer of expanded silica in occordance with Spec. 32 LFP.

3. No copper wire or tracing are fo be used where there is acetylene or acetone present.

4. Combustible insulations, such as urethane, should never be installed on reactive or
toxic service vessels or lines. (See attached recommendation from Fire Protection
Department.)

5. When urethane insulation is used on any vessels or lines containing combustibles, all
safety devices or spray protection must be calculated as for a base (uninsulated) vessel
or pipe.

UCC 003034
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Fire ond Explosion Hazards of Insulations and Coatings in Service - Contd

6. Because of water channeling and other problems, any vessel insulated with
vrethane insulation requires special placement of spray heads.

7. Urethane insulation should only be used in accordance with fire protection
regulations that follow.

In addition to the insuiation the weather-barrier may be a potential fire hazard. If the
-weather-barrier is of mostic it may be of a material which reacts with other chemicals, or it
may not resist chemical attack, allowing the chemical to saturate the insulation. In addition,
any mastic which has high surface burning rate can spread fire.

Aluminum jacketing melts very rapidly in a fire, thus will not protfect insulation from direct
fire exposure. As the hot molten metal drips, it can be a secondary ignition source for
combustibles which may be below.

Treated steel and stainless steel jackets and fire-resistant mastic have been found to be the
most satisfactory of weather-barriers. However, treated steel jacket should never be used
on Ethylene Oxide lines because iron oxide reduces the self-ignition temperature of the
material .

Hot surfaces may cause the ignition of chemicals from pressure relief valves or leaks. Where

such hazards exist, it is of utmost importance that all surfaces which might be so contaminated

be insulated so as to have a safe surface temperature. This necessitates that the correct thickness
of insulation and the correct weather-barrier be used. In such applications the installation of
aluminum jacketing can be very dangerous as it will raise the surface temperature on the insulation
on hot lines or vessels 75°F to 125°F, '

PREVENTION OF POTENTIAL FIRES BY USE OF LEAK INDICATORS

Leaks of certain chemicals from flanges are very hazardous, particularly where these are hidden
aond can be absorbed by the insulation. These chemicals require that a leak indicator be in-
stalled around the flanges before the insulation is installed. At present leok detectors are to be
installed in accordance with IC4 Piping Specification. When insulation is installed care must
be taken to prevent any insulation getting into the tube.

A Piping' St?ndord is being developed and will be issued ot a later date to cover in more detail
the fabrication and installation of these indicators.
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FOR USE OF RIGID POLYURETHANE INSULATION
The following r tions ore intended a3 o guide from o fire protection stondpoint, for the use of self-extinguithing type rigid polyurethone foom

insulation on chemical processing and storoge equipment. Eoch case should be engineered seporately as there are “groy areas” batween ecch of the
definitions shown. 11/4767 - The self=extinguishing type is no longer required on wldoam_oﬂ

SERVICE OR USE

FIRE RETARDANT NONCOMBUSTIBLE
OUTER COVER OUTER LAYER INSUL, WATER SPRAY
{Weather~Barrier) (Min. 1" Thick) PROTECTION OTHER
Ethylens Oxide, Required Required Required Full 0.24 gpng/flz Standard Water
Acetylens, Water Sproy Appl icotion rote.
Porocetic Acid,
and Other
Unstables
LPG, Olefim Required Not Required Required Mo oliowance for insulation in SV
Plonts, etc, sizing. Full .24 gpm/ft with reduced
allowance for rondown, requiring
additionol sproy noazies.
Stoble Required Not Requirad Not Required No allowancs for insulotion SV
{Ordinory) sizing. Waler spray ordinarilyp
Flammables not required. However, if needed,
use full .24 gpm/©i2 and additional
spray rozzles os for LPG and
Olefins Planty
Aluminum Lines Required Required Not Requirsd
and Equipment with (1-1/2%
Stable Flommobles When LPG)
Aluminum Lines Required No Polyursthane. Required Full .24 gpm/N2 warer

ond Equipment with
Unstoble Flommabies

Full Fire
Reslstive Insulation
Required.
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SAFETY AND HEALTH

MAINTENANCE OF INSULATION

In addition to safety practices olready recommended, there are two additional recommendations
which should be followed.

1.

In repair or replacement of insulation installed on vessels or lines containing
combustible ond reactive chemicals, the Engineering Standard Specification
recommendation was developed for safe installation and operation. If deviation

from the standord or substitution of materials is felt desirable, the proper engineering
representative responsible for insulation should be consulted before such deviation or
substitution is made.

Weather-barriers should be kept in excellent repair, not only to keep insulation

efficient, but also to prevent entry of toxic fumes or flammables into the insulation,
the result of which may be quite hazardous.
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LIST OF REACTIVE CHEMICALS
Acetaldehyde Diacetyl peroxide
Acetaldehyde moncperacetate Dibenzoyl peroxide
Acetaldol Dibutyl fumarate
Acetic anhydride Dibutyl maleate
Acetone 2, 3-Dichloropropionaldehyde
Acetyl chloride Dicyclopentadiene, 92%
Acetylene Diethy! acetal
Acrolein Di(2-ethylhexyl)fumarate
Acrolein dimer Di(2-ethylhexyl)maleate
Acrylic acid Diethyl maleate
\crylonitrile Diethyl sulfate
Ally! chioride Dihexyl maleate

Aluminum chloride
Amyl aldehydes, primary
\ntimony trichloride

is(2-cyclopentenyl) ether
oron frifluoride ethyl etherate

,3-Butadiene
utadiene peroxide
utyl acrylate
,2-Butylene oxide
utyl peroxide
utyraidehyde

utyric anhydride
alcium carbide
alcium hexammoniate
aleium hypochlorite
alcium metal

alcium oxide
-Chloropropionaldehyde
alorosulfonic acid
orotrifluoroethylene
spper acetylide
‘otonaldehyde, 1%
‘ofon oil

otylidene dicrotonate
3-Cyclopentadiene
Cyclopentadiene
Cyclopentenyl chioride
:cyl acrylate, primary
acetylene

2,4-Dihydroxy-3, 3-dimethylbutyronitrile

Diisobutylaluminum chloride
Diisopropyl maleate

Diisopropyl peroxydicarbonate
Diketene

Dilauroyl peroxide
Di(methylamyl)maleate

Di(methyl CELLOSOLVE) maleate
Dimethyl maleate

Dipropionyl peroxide

Dipropyl peroxide

Di(tert=butyl) peroxide

Dripolene "C"

Epichlorohydrin
2-Ethyoxy-3,4~dihydro-2H~pyron -
3-Ethyoxypropionaldehyde

Ethyl acetoacetate

Ethy! acrylate

2-Ethylbutyl acrylate

Ethylene cyanohydrin

Ethylene oxide

2-Ethylhexyl acrylate

Ethyl 1-propenyl ether
2-(5-Ethylpyrid-2-y1)ethyl acrylate
Formaldehyde

Glutaraldehyde, 25% in woter
Glycidyl acrylote

Glyoxal, 30% in water
2,4-Hexadienal
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LIST OF REACTIVE CHEMICALS - Contd

Hexaldehyde
Hydrazine
Hydrogen cyanide, 96%

"Hydrogen fluoride

Hydrogen peroxide
N-(2-Hydroxyethyl)ethylenimine
o-Hydroxyadipaldehyde, 25% in water
Isobutyraldehyde

Isoprene

Isopropyl peroxide

Isopropyt sulfate

Ketene )

Maleic anhydride

Methacrolein
3-Methoxybutyraldehyde
Methylacetylene

Methyl acrylate
2-Methylbutyraldehyde

Methyl isocyanate

Methy! isopropeny! ketone
Methy! methacrylate
2-Methylpentaldehyde

Nickel carbonyl

Nitric acid

Paraldehyde

4-Pentenal

Peracetic acid

Peracetic acid (25% in ethyl acetate)
Perchloride acid
2-Phenoxyethyl methacrylate
Phosgene

Phosphorous oxychloride
POLYOX cotalyst

Potassium hydroxide

Potassium persulfate

Potassium sorbate

Propadiene

Propionaldehyde

Propylene oxide

Pyruvic aldehyde, 40% in water
Silicon tetrachloride

Silver acetylide

Sodium aryl(2-methacryloxyethoxy)benzene sulfonate

Sodium crotonate

Sodium hydroxide

Sodium metal

Sodium methylate

Sodium sorbate

Styrene

Styrene oxide

Sulfuric acid

Tetraisopropyl titanate

Tolylene diisocyanate

Tridecy! aldehyde (mixed isomers)

Triisobutylaluminum

Valercldehyde

Vinyl acetate

Viny! butoxyethy! ether

Vinyl butyl ether

Vinyl S-butyimercaptoethy! ether

Vinyl butyrate

Vinyl chloride

Viny! 2-chloroethyl ether

Vinyl cyclohexene monoxide

Viny! ethyl CARBITOL

Vinyl ethyl ether

Vinyl 2-ethylhexanoate

Vinyl 2-ethylhexyl ether

Vinyl S -ethylmercoptoethy! ether

Vinylidene chloride, 1% phenol and
3.2% acetone

Vinylidene chloride monomer

Viny! isobutyl ether

Vinyl isopropyl ether

Viny! methoxyethy! ether

Vinyl methyl ether

Vinyl propionate

Vinyl 2,6,8-trimethyl-4-nonyl ether
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TEMPERATURE AND HEAT

TEMPERATURE __ CONVERSION TABLE
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TEMPERATURE CONVERSION TABLE

(Centigrade Scale Listed in Even Numbers)
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THERMAL EXPANSION OF METALS (Based on Expansion from O F to Listed Temperature)

INCHES OF LINEAR EXPANSION PER 130 PELT
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Miscellaneous Solid Materials

Asbestos, 36 1b density

Asbestos, wool, 25 1b density
Asbestos paper, 61 lb density
Asbestos millboard, 60 lb density

Ashes, soft wood, 12 1b density
Ashes, volcanic, 51 1b density

Bricks
Building
Refractory, average

Basalt

Carbon black, 12 1b density
Cardboard, corrugated
Celluloid, 87 1b density

Concrete, sand and gravel
142 1b density

Concrete, cinder
97 1b density

Charcoal, powder, 12 1b density
Cotton wool, 5 1b density
Earth plus 42% water, frozen, 108 1b densify

Glass
Glass, pyrex, 139 ib density
Glass, soda lime

Gravel, 116 1b density

[
|
|
|
I
|
|
|
l Asphatt, 132 Ib density
l
1
l
|
|
1
1
!

)

ucC 003043

Mean

300
68

70
1000

32-210
133

86

75

75
63
100

200
200

68

THERMAL CONDUCTIVITY OF MATERIALS
k = Btu in/ hr, 8q ft, in, *F

1.32
0. 696
1.089
0.84

0. 216
1.476

5.16

5.0
9.0

8.88-19. 32
0.144

0. 444

1.44

12.6

4.92
. 348
. 420
.44

.6-7.32
.08
.08

. 64
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THERMAL CONDUCTIVITY OF MATERIALS - Continued
k = Btu in/hr, sq ft, in, °F

Miscellaneous Solid Materials

Gypsum plaster, sand aggregate
Gypsum plaster, light wt aggregate
Gypsum board, 51 1b density

Ice, 57.5 1b density
Leather, sole, 62.4 lb density
Mica, 122 1b density

Rubber, hard, 74. 3 lb density
Rubber, soft, 68 1b density

Sand, dry, 94. 8 lb density

Sawdust, dry, '13.4 1b density

Soil, dry

Soil, dry, including stones, 127 lb density
Soil, wet

Snow, 7 to 31 1b density

Titonium oxide, 52 lb density

Wool, pure, 5. 6 1b density
Wood, average

Mean

Temp °F

99

100
86

68
68
68
68
32
1000

86

" __ B UCC 003044

k

5.55
1.56
0. 744

15.12
1.104
3:0

1.104
0.96

2.26

0. 504

0. 90

3.6
to12.0
4.08-15.6

0.492

0. 252
1.2

l...__
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- THERMAL CONDUCTIVITY OF MATERIALS
k = Btu in/hr, sq ft, in, °F
Metals Mean k
Temp °F
Aluminum 64 1404
212 1428
930 1855
Auntimony 32 127
212 116
Bismuth 64 56
212 47
Brass (20% Cu, 30% Zn) 32 672
212 720
Bronze 1308
Cadmium-—- 64 644
212 626
///
.~~~ Copper, pure b4 2688
212 2616
Gold 64 2028
212 2040
Iron, pure 64 468
212 439
Iron, wrought 64 419
212 415
Iron, cast 129 332
216 322
Lead 64 241
212 238
Magnesium 32-212 1104
Mercury 32 58
Nickel 64 432
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THERMAL CONDUCTIVITY OF MATERIALS - Continued
k = Btu in/br, 8q {t, in, °F

N\ezals

Plannum

Silver

Socium

Steel, 1% carbon content

Steel, mild

Steel, 13% Cr, 0.2% Ni

Steel, 18% Cr, 8% Ni

Sieel, 23% Cr, 12% Ni

Sie=] Wool, density 6.3 lbs/cu ft
Ta=talium

Tiz

Zi=c

Mean k
Temp °F
64 482
212 503
64 2904
2856
32 384
64 314
212 311
212 312
932 199
932 149
932 130
50-212 0. 607
64 384
64 432
212 308
64 780
212 768
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THERMAL CONDUCTIVITY OF MATERIALS
k = Btu in/hr, sq ft, in, °F

Gases Mean k
Temp °F R
Air 32 0.168
Ammonia 32 0.151
Argon 32 0.110
Carbon dioxide 32 0.101
212 0.154
Carbon monoxide 32 0.162
Chlorine 32 0.052
Ethane 32 0.127
Ethylene 32 0.121
Helium 32 0.982
Hydrogen 32 1.159
122 1.488
Methane 32 0.210
Neon ' 32 0. 0307
Nitrogen 32 0.168
Oxygen 32 0.170
Steam 32 0.117
Liquids Mean k
Temp °F
Acetone 68 1.236
Ammonia 45 3.480
Ethyl alcohol 68 1. 260
Methyl alcohol 68 1.488
Petroleum oil (A_verage) 68 1.00
Sulphur dioxide 68 2. 34
Water 68 4.10
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THERMAL CONDUCTIVITY OF MATERIALS
k = Btu in/hr, sq ft, in, *°F

Woods, Oven Dried Density Mean k
{heat flow across grain) 1b/cu ft Temp °F
Aspen 26 85 0. 828
Bald cypress 24 85 0. 756
Balsa 10 85 0. 408
Balsam wool 2.2 90 0. 27
Boxwood - 56 68 10.45
Basswood 24 85 0. 696
Douglas fir 29 85 0. 756
. Elm rock 48 85 1.164
"Elm, soft ] 34 75 0. 88
Fir, white 26 85 0. 828
Hemlock 29 85 0. 792
Larch, western 36 85 0.936
Maple, sugar 43 85 1.128
Maple, soft 36 75 0. 089
Oak, red 42 85 }.188
Pine, southern yellow 35 85 0.936
Pine, white 25 85 Q.72
Red cedar, western 21 85 0.636
Redwood 25 85 0. 744
Redwood, California 22 75 0. 66
Spruce 21 85 0.624
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THERMAL CONDUCTANCES OF AIR SPACES

Btu/hr, sq B, °F

MEAN Width of Air Space, Inches i
TEMPERATURE 0.128 0.250 0.364 0.493 0.7213 1.00 1.50
°F

20 2,300 1.370 1.180 1.100 1.040 1.030 1.022
30 2,385 1.425 1.234 1,148 1.080 1.070 1.065
40 2.470 1.480 1.288 1.193 1.125 1.112 1.105
50 2.560 1,535 1.340 1.242 1.168 1.152 1.149
60 2,650 1.5%0 1.390 1.5 1.210 1.195 1.188
70 2,730 1.648 1.440 1.340 1.250 1.240 1.228
80 2.819 1,702 1.492 1.390 1.295 1.280 1.270
90 2,908 1.757 1.547 1.433 1.340 1,320 1.310
100 2,990 1.813 1,600 1.486 1,380 1.362 1.350
110 3.078 1.870 1.650 1,534 1.425 1,402 1.392
120 3.167 1.928 1.700 1.380 1.467 1.445 1.435
130 3.250 1.980 1,750 1.630 1,510 1.485 1.475
140 3.340 2.035 1.800 1.680 1.550 1.530 1.519
150 3.425 2.000 1.852 1,728 1.592 1.5%9 1.559
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SPECIFIC HEATS AND WEIGHTS OF MATERIALS

Material Temperature Mean Specific Weight
*F Heat 1bs/cu ft
Aluminum 0.215 168
Asbestos 32-212 0.20 150
Bakelite - Phenolic 32-212 0.3-0.4 )
Brass, yellow 32-212 0. 088 534
Brass, red 32-212 0.09 534
Bronze 32-212 0.014 509-554
Brick 32-212 : 0.20-0.22 125-143
Carbon 32-212 " 0.165 139
Chalk 32-212 0. 215 143
Charcoal 32-212 0. 20 25
Cinders 32-212 0.18
Coal 32-212 0.24-0.3 81-94
Concrete 32-212 0.156 137
Cork 32-212 0. 485
Coke - 32-212 0.203 75
Copper 32-212 0. 094 556
Glass 32-212 0.12-0.19 162
Graphite 32-212 0. 201 135
Gold 0.031 1205
Granite 32-212 0.195 168
Gypsum 32-212 0. 259 155
Humus (soil) 32-212 0. 44 76-100
Ice 0. 465 56
Ice 32 0.487 64
Iron, cast 0.130 442
Iron, wrought 32-212 0.110 485
Iron, wrought 32-572 0.122 485
Iron, at high temperatures 1382-1832 0.213 485
Lead 0. 031 710
Limestone 0.217 155-162
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THERMAL PROPERTIES OF MATERIALS

SPECIFIC HEATS AND WEIGHTS OF MATERIALS - Continued

Material

Marble
Mercury
Masonry, brick

Nickel

Qil, machine
Porcelain
Quartz

Sand

Sandstone

Silver

Silica

Steel, mild

Steel, high carbon
Stone, average

Tin
Water
Wood, fir

Wood, oak
Wood, pine

Zinc

Temperature

Mean Specific Weight

°F Heat lbs/cuft

32-212 0. 210 170

32-212 0.033 850

32-212 0. 20-0.22
0.109 537

0. 0. 400

32-212 0.22

32-212 0.17-0. 28 165

32-212 0.195 100-125

32-212 0.22 143
0. 056 655
0.191
0.11lé6 485
0.117 485
0. 200 150
0. 056 459
1.000 62. 4
0. 650 25-32
0.570 42-54
0. 67 27-42
0. 095 440
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HEAT UNITS FOR WATER AT VARIOUS TEMPERATURES

Temp., Lb. per  B.t.u. | lemp., Lb. per B.r.u. Temp., Lb. per B.t.u. | Temp.,Lb. per B.t.u.
deg.F cu. . perlb. {deg.F cu. fi. perib. deg.F cu.ft. perib, jdeg.F. cu. fi. perlb.
32 62.41 0. lal 62.10 58.99 150 61.19  117.84 | 208 .92 175.98
33 62.4} 1.0 92 62.08 59.98 15 6%.17 118.85 | 209 5 en 176.9%
34 62.42 2.0 93 62.07 60.98 152 61.15 119.85 | 210 37.87 177.99
35 62.42 3.02 94 &2.06 61.97 153 61.13  120.85 | 211 59.85 179.00
3% 62.42 4.03 95 62.05 62.96 154 61.11 12)1.85 | 212 57.82 180.00
37 62.42 5.03 96 62.04 63.96 155 61.09 122,85 | 214 57.8) 182.02
38 62.42 6.04 97 62.02 64.95 156 61.07 123.85 | 216 .77 184.03
39 62,42 7.04 98 62.01 54.94 15 41.05 124.85 | 218 9.70 184.04
40 62.42 8.05 |99 42.00 66.94 158 61.03 125.85 {220 59.67 188.
4 62.42 ?.05 100 61.99 67.93 159 61.01 1256.85 [ 230 59.42 198.15
42 62.42 10.05 {101 61.98 68.92 160 60.99 127.85 {240 59.V7 208.25
43 62.42 11.05 1102 61.96 6%.92 161 60.97 128.85 | 250 58.89 218.3¢9
44 62,42 12,05 {103 61.95 70.91 162 60.95 129.85 {260 58.62 228.55
45 62.42 13.05 |[104 61.94 71.90 163 60.93 13C.85 | Z70 58.34 28.74
46 62.4% 14.06 {105 61.93 72.91 164 60.91 131.85 | 280 38.04 248.95
47 62.4) 15.06 {106 61.91 73.90 165 60.89 132.85 {290 57.74 2%.20
438 52.41 16.05 {107 51.90 74.90 166 60.87 133.85 | 300 57.4) 249 .48
49 62.41 17.06 {108 61.89  75.90 167 60.85 134.85 {310 57.08 279.80
% 62.40 18.06 |[109 61.87 76.89 168 460.83 135.85 | 320 56.75 20.17
51 62.40 19.06 110 61.88 77.89 169 60.81 136.85 [330 55.40 300.%
52 42.40 20.06 {1 41.84 78.89 170 60.79 137.85 |340 56.02 311.05
53 62.39 21.06 {112 61.83 79.89 m 60.77 138.85 {350 55.45 3N.55
54 62.39 22.06 |13 41.81 80.89 172 60.75 139.85 {380 55.25 332.10
55 62.38 23.06 |14 41.80 81.89 173 60.73 140.85 {370 54.85 42.71
56 62.38 24.05 |13 61.78 82.89 174 60.7Y  141.85 (380 54.47 353.%®
57 62.38 25.05 (116 61.77 83.88 175 60.68 142.86 (390 54.05 364. 14
8 62.37 2.05 (17 61.75 B84.88 176 60.66 143.86 [400  53.62 374.96
59 62.37 27.05 |n8 61.74 85.88 177 60.64 144.86 | 410 53.19 385.846
60 62.36 28.05 U9 61.72 86.88 178 60,62 145.86 | 420 52.74 396.84
&t 62.35 29.05 {120 61.71 87.88 179 60.60 146.87 1430 52.33 407.94
62 62.35 30,05 N2t 61.69 86.88 180 60.57 147.87 |44 51.87 419.07
43 62.34 3n.05 122 61.48 89.8B8 181 60.55 148.87 |450 51.28 420.3
&4 62.34 32.04 N3 61.86 90.88 182 60.53 149.87 (480 51,02 441.7
65 62.33 33.04 1124 61.64 71.88 183 60.51 150.87 |470 50.51 453.2
&6 62.32 34.04 [125 41.63 92.87 ig4 60.42 151.87 (480  50.00 445.0
67 62.32 35.04 126 41.6) 93.87 185 60.46 152.87 [490 49.50 477.0
68 62.31 3.03 w27 61.60 94.87 186 60.44 153.88 }S00 48.78 489.1
69 64.30 37.03 128 61.58 95.87 187 40.42 154.B8 510 48.31 501.4
70 62.30 38.03 2 61.5% 96.B6 188 60.40 155.88 |520 47.6% 514.2
Al 62.29 32.03 {130 61.55 97.86 189 60.37 156.89 [3530 4.95 527.0
72 62.28 40.02 I 61.53 98.86 190 60.35 157.89 (540 45.30 540.0
73 62.27 4).02 {132 41.5)  99.86 191 60.33 158.90 [550 45.66 553.2
74 62.2 42.02 133 61.50 100.86 192 $0.30 159.90 {560 44.84 566.7
75 62.25 43.01 134 61.48 101.85 193 60.28 160.90 [570 44.05 580.4
76 62.25 44,01 (35 81.46 102.85 194 63.26 161.91 580 43.29 504.4
77 842.24 45.01 36 61.44 103.85 195 60.23 162.91 590 42.37 608.7
78 62.23 46.00 137 61.43 104.85 196 60.21 163.92 |[600 4].49 623.2
v 62.2¢ 47.00 138 61.41 105.84 197 40.19 164.92 610 40.49 43.0
80 62.21 48.00 39 81.39  106.84 198 60.16 165.93 [620 39.37 653.4
81 62¢.20 49.00 (140 61.37 107.84 199 40.14 166.93 430 38.31 £69.5
8¢ 62,19 50.00 h4 61.36 108.84 200 60.11  167.94 640 37.17 686.6
83 62.18 51.00 N4z 61.34 109.84 201 40.00 168.95 650  35.97 705 2
84 62.17 52.00 [143 61.32 110.84 20z 40.07 169.95 |660 34.48 725.3
85 62.186 53.00 has 61.30 111.84 203 60 04 170.96 |670 32.89 747.5
86 62.13 54.00 145 61.28 112.84 204 60.02 171.96 [680 31.04 772.6
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PERCENT RELATIVE HUMIDITY ABOVE WHICH CONDENSATION WILL OCCUR
ON SURFACE OF EQUIPMENT OR PIPE NOT INSULATED

EQUIP. AMBIENT AIR TEMPERATURE ° F
ORPIPE | 40 45 50 55 60 65 70 75 80 85 90 95 100
TEMP. F
35 82 68 57 4 39 33 28 24 20 17 15 13 1
40 82 68 57 48 40 33 28 24 20 17 15 14
45 ' 82 69 57 48 41 34 2 25 21 18 16
50 82 69 57 49 41 35 30 2 22 19
55 83 70 59 50 42 3 31 27 23
160 84 70 60 51 43 37 32 27
65 84 71 60 52 44 38 33
70 84 71 61 52 45 38
75 84 72 82 53 46
80 85 73 63 54
85 85 73 63
90 86 74
95 86
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WATER VAPOR PERMEABILITY TABLE
MISCELLANEOUS MATERIALS

PERMEABILITY,

MATERIAL pemns
Aluminum foil, 0.0025 inch thickness 0.005 to 0.01
Aluminum foil, 0.00l inch thickness 0.01 to 0.05
Aluminum foil, cloth backed 0.004
Aluminum tope, paper backed 0.005
Asphalt-saturated 15 1b felt, coated with 25 Ib asphalt per 100 sq. ft. 0.05
Colcium=silicate insulation, one inch thickness 21 to 35
Cellular glass insulation, one~half inch thickness 0.00005
Cork, one inch thickness 3te7
Duplex laminated kraft paper (30-30-30) 0.20
Duplex {aminated kraft paper, reinforced 0.70
Fiberboard, 3/4 inch thickness 12.5
Foil-faced kraft paper 0.01
Foil-foced reflective insulation, double faced 0.08 t0 0.13
Friction tape, single layer 2.34

double loyer 1.45

Gypsum lath, metallic aluminum bocking 0.09 10 0.39
Laminated poper and foil 0.01
Mineral wool, unprotected, 4 inch thickness 29.07
Ploster, fiberboard or gypsum lath 19.7 to 20.6
Plywood, 2 coats aluminum paint 1.29
Plywood, 2 coats asphalt paint 0.43
Polyethylene, 0.004 inch thickness 0.0
Polyethylene, 0.03 inch thickness 0.002
Roll roofing, smooth 40-65 |b per 108 sq. ft. 0.13t0 0.17
Sheating paper, asphalt-impregnated, glossy 0,17 t0 2.05
Vinyl membrane, 0.004 inch thickness 0.80 to 2.0
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QUTSIDE DIAMETERS AND AVERAGE THICKNESSES FOR PIPE INSULATION
ASTM Recommended Proctice

. Insulation Thickness

NES Pipe 1/2 Nominal 1" Nominol 13" Nominal 2" Nominel
NOM { O.D. {Avg. 0.0, Avg. Q.D. Avg . 0.D. Avg. 0.D.
SIZE Inches |Thk. [nches  Thk. inches Thk. fnches Thk. Inches

Inches Inches Inches Inches

1/8 0.405 [0.45 1.315  0.98 2.375 1.54 3. 500 2.05 4.500
1/4 0.540 [0.55 1.660 1.4 2.875 1.72 4,000 2.22 5.000
kY] 0.675 ]0.49 1.660 1.9 2.875 1.86 4,000 2.16 5.000
/2 0.840 10.52 I.900 1.00 2.875 1.57 4.000 2.07 5.000
3/4 1,050 [0.42 1.900 0.%91 2.875 1.47 4.000 1.97 5.000
] 1.315 {0.52 2.375 1,09 3,500 1.59 4,500 2.12 5.5%3
11 1.660 10.60 2.875 0.%1 3,500 1.66 5.000 1.94 5.563
14 1.900 }0.48 2.875 1.04 4.000 1.54 5.000 2.36 6.625
2 2.375 10.55 3.500 .05 4. 500 1.58 5.53 2.1 6.625
23 2.875 10.55 4,00 1.05 5,000 1.86 4.625 2.36 7.425
3 3.500 {0.49 4.500 .02 5.53 1.58 6,625 2.05 7.625
k] 4.000 }0.4% 5.000 1,30 6.625 1.80 7.625 2.30 8.625
4 4.500 10.5c 5.5%3 1,05 6,625 1.55 7.625 2.05 8.625
4 5.000 |0.80 6.625 1.30  7.625 1.80 8.645 2,30 9.625
S 5.563 [0.47 6.625 0.99 7.625 }.49 8.425 1.99 9.625
6 6.625 10.46 7.625 0.9 8.625 *1.46 9.625 2.02 10.750
7 7.625 }.52 10.750 2.02 11.750
t:] 8.625 1.52 11,756 2.02 12.750
\4 9.625 1.52 12,750 2.15 14.000
10 10.750 1.59 14.00 2.09 13.000
11 i1.750 1.5% 15.000 2.0% 16.000
12 12.750 1.58 16.000 2.8 §7.000
14 14.000 1.45 17.00 1.95 18.000
15 15,000 1.45 18.00 1.95 19.000
16 16.000 1.45 19,000 1.95 20.000
17 17.000 .1.45 20.000 1.95 21,000
18 18.000 1.45 21,000 1.95 22.000
19 19,000 1.45 22,000 1,95 23.000
20 20.000 }.45 23.000 1.95 24,000
21 21.000 1.45 24,000 1.95 25.000
22 22.000 1.45 25.006 1.95 25,000
Eﬁ 23.000 1.45 26,000 1.95 27.000

4 24.000 1.45 27.000 1,95 8,000
25 25.000 V.45 28.000 1.95 29.000
24 24.000 1.45 22.000 1.95 30.000
7 27.000 1.45 30,000 1.95 31.000
128 28.000 1.45 31000 1,95 32.000
29 29.000 1.45 32,000 1.95 33.000
30 30.000 1.45 33.000 1.95 34.000
31 31.000 1.45 34.000 1.95 35.000
2 32,000 1.45 35,000 1.95 36.000
13 33.000 1.45 36.000 1.95 37.000
34 34.000 1.45 37.000 1.95 38.000
<4 35.000 1.45 38.000 1.95 39.000
< 34.000 1.45 39.000 1.95 402,000
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OUTSIDE DIAMETERS AND AVERAGE THICKNESSES FOR PIPE INSULATION
ASTM Recommended Proctice
. Tnsulation Thickness
NPS Pipe T Nominal F Nomiral 3T Nominal T Nommal
NOM ] O.D. [Avg. O.D.  Avg. 0.D. Avg. 0.0, Avg. 0.0,
SIZE Inches (Thk. inches Thk. Inches Thi. inches Thik. Inches
Inches Inches Inches Inches
18 0.405 |2.57 5.5%3 3,10 6.625 3.40 7.625 4.10 B.625
1/4 0.540 |2.50 5.%3 3.04 6.625 3.54 7.625 4,04 8.625
38 0.675 2.4 5.563 2.97 6.625 3.47 7.625 3.97 8.625
1/2 0.840 [2.89 6.625 3.3 7.625 3.89 8.625 4.39 9.625
3/4 1.050 [2.78 6.625 3.8 7.625 3.78 8.625 4.28 9.625
1 1.315 |2.64 6.625 3.15 7.625 3.65 8.625 4.15 9.625
11 1.660 {2.48 6.625 2.98 7.625 3.48 8.625 3.98 9.625
1} 1.900 (2.86 7.625 3.3 8.625 3.86 9.625 4,42 10.750
2 2.375 [2.6) 7.425 3.1 8.625 3.61 9.625 4.17 10,750
23 2.875 {2.86 8.62% 3.3 9.625 3.92 10.750 4.42 11.750
3 3.500 [2.55 8.625 3.05 9.625 3.61 10.750 4.1) 11.750
3} 4.000 {2.80 ?.625 3.3% 10.750 3.8 1.750 4.3 12.750
4 4.500 12.55 9.625 3.1 10!750  3.61 11.750 4.0 12.750
4% 5.000 12,86 10.75%6 3.3 11,750 3.86 12,750 4.& 14.000
5 5.563 2.5 - 10.750 3.0% 11.750 3.5 12.750 4.18 14.000
.} 8.625 |2.52 11.750 3.02 12,750 3.65 14.000 4.15 15,000
!7 7.625 [2.52 12,750 3.15 14.000 3.45 15.000 4.15 16.000
8 8.625 }2.65 14,000 3.15 15.000 3.65 16.000 4.15 17.000
\4 9.625 J2.65 15,000 3.15 16.000 3.65 17.000 4.15 18.000
10 10.750 (2.5 16.000 3.09 17.000 3.5 18.000 4.09 19.000
il 11.750 12.59 17.000 3.9 18.000 3.5 19.000 4.09 20,000
2 12.750 )2.58 18.000 3.08 19.000 3.58 20,000 4.08 21.000
i14 14,000 )2.45 19.000 2,95 20.000 3.45 2,000 3.95 22.000
15 15.000 [2.45 20.000 2.95 21.000 3.45 22.000 3.5 23.000
16 16.000 {2.45 21.000 2.95 22,000 3.45 23.000 3.95 24.000
17 17.000 [2.45 22.000 2.95 23,000 3.45 24.000 3.95 25.000
18 18.000 [2.45 23.000 2.95 24.000 3.45 25.000 3.95 26.000
19 19.000 )2.45 24.000 2.95 25.000 3.45 25.000 3,95 27.000
20 20.000 §2.45 25.000 2.95 26.000 3.45 Z7.000 3.95 28,000
21 21,000 |2.45 256.000 2.95 27.000  3.45 28.000 3.95 29.000
‘22 122,000 {2.45 27.000 2,95 28.000 3.45 29.000 23.95 30.000
.23 23.000 {2.45 28.000 2.95 20.000 3.45 30.000 3.95 31.000
)
‘24 24,000 12.45 2.000 2.95 30.000 3.45 31.006 3,95 32.000
25 25.000 {2.45 30.000 2.95 31.000 3.45 32.000 3.95 33.000
26 26.000 2,45 31.000 2.95 32.000 3.45 33.000 3.95 34.000
'27 : 27.000 [2.45 32.000 2.95 33.000 3.45 34.000 3.95 35,000
.28 zza.ooo 2.45 33.000 2.95 34.000 3.45 35.000 3.95 36.000
3 1290(0 2.45 34.000 2.95 35.000 3.45 36.000 3.95 37.000
.30 l”m 2.45 35.000 2.95 36.000 3.45 37.000 3.95 38.000
:3' 1N.000 |2.45 36.000 2.95 37.000 3.45 38.000 3.95 39.000
32 ’32.0& 2.45 37.000 2.95 38.000 3.45 39.000 3.95 40,000
133 ]33.0& 2.45 38.000 2.95 39.000 3.45 40.000 3.95 41.000
i34 134,000 {2.45 39.000 2.95 40.000 3.45 41,000 2J.95 42,000
:35 ‘ 35.000 12.45 40,000 2.95 41.000 3.45 42.000 13.95 43.000
) 1 36.000 }2.45 41.000 2.95 42.000 3.45 43.000 3.95 44.000 1
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PIPE AND TUBE INSULATION DIMENSIONS

BASIC OUTSIDE DIAMETERS FOR TUBE INSULATION

ASTM Recommended Practice

Tube Nominal Thickness of Insulation

Size O.D. |1/2 1 ]! 2 ) 3 3 4

1/4 0.250 {1.315 2.875 3.500 4.500 5.625 6.625 7.625  8.625
3/8 0.375 11.660  2.875 3.500 4.500 5.625 6.625 7.625  8.625
1/2 0.500 |1.660  2.875 3.500 4.500 5.625  6.625 7.625  8.625
1/2 0.625 {1.660  2.875 3.500 4.500 5.625  6.625 7.625  8.625
3/4 0.750 {1.900  2.875 4.000 5.000 5.625 7.625 8.625  9.625
3/4 0.875 {1.900 3.500 4.000 5.000 6.625 7.625 8.625 9.625
1 1.000 12.375 3.500 4.000 5.000 6.625 7.625 8.625 9.625
] 1.125 12.375  3.500 4.000 5.000 6.625 7.625 8.625  9.625
13 1.250 |2.375 3.500 4.500 5.563 6.625 7.625 8.625 9.625
13 1.500 |2.875  4.000 4.500 5.563  6.625 7.625 8.625  9.625
13 1625 |2.875  4.000 4.500 5.53 6.625 7.625 8.625  9.625
2 2.000 !3.500 4.000 5.000 6.625 7.625 8.625 9.625  10.750
2 2.125 13.500 4.500 5.563 6.625 7.625 8.625 9.625 10.750
2y [2.500 [3.500 4.500 5.563 6.625  7.625 8.625  9.625  10.750
23 2.625 14.000 5.000 5.563 6.625 7.625 8.625 9.625 10.750
3 3.000 |4.000 5.000 6.625 7.625 8.625 9.625 10.750 11.750
3 3.125 |4.500 5.53 6.625 7.625 8.625 9.625  10.750 11.750
35/8 [3.625 |5.000 6.625 7.625 8.625 9.625 10.750 11.750 12.750
4 4.000 ]5.000 6.625 7.625 8.625 9.625 10.750 11.750 12.750
4 4.125 15.53  6.625 7.625 8.625 9.625  10.750 11.750 12.750
5 5.000 16.625  7.625 8.625 9.625  10.750 11.750 12,750 14.000
5 5.125 16.625 7.625 8.625 9.625 10.750 11.750 12,750 14.000
6 6.000 |7.625 8.625 9.625 10.750 11.750 12.7506 14.000 15.000
6 6.125 17.625 8.625 9.625 10.750 11.750 12.750 14.000 15.000
8 8.000 11.750 12.750 14,000 15.000 16.000 17.000
8 8.125 11.750 12.750 14.000 15.000 16.000 17.000
10 10.000 12.750 14.000 15.000 16.000 17.000 18.000
10 10.125 14.000 14.000 15.000 16.000 17.000 18.000
12 12.000 15.000 16.000 17.000 18.000 19.000  20.000
14 14.333 18.000 19.000 20.000 21.000 33.000 23.000
16 16.333 20.000 21.000 22.000 23.000 24.000 25.000
18 18.333 22.000 23.000 24.000 25.000 26.000 27.000
20 20.333 24.000 25.000 26.000 27.000 28.000 29.000
24 24.333 28.000 29.000 30.000 31.000 32.000 33.000
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SURFACE AREAS OF NPS PIPE INSULATION

SURFACE AREAS OF PIPE INSULATION
Based on NPS Pipe and. ASTM Dimens:onal Standard

Pipe Insulation - Square Feet per linear foot
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VOLUMES OF PIPE INSULATION

Cubic Feet Per Linear Foot
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RECOMMENDED SIZES OF

INS

ULATION LAYERS

TO OBTAIN

TOTAL NOMINAL THICKNESS

NPS X NOMINAL LAYER THICKNESS
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APPLICATOR TRAINING
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CARBIOE [N PAGE 461
APRIL 1970
APPENDIX
AREAS
RADIATING AREA OF ALANGED FITTINGS
(Including accomponying flanges In square fsst ond in oquivaient length
of some size pipe standard weight fittings)
IFﬁngod 90° olls Long rodlus Toes Crossas
Pips couplings olls
size, |Arso, Pipe Area, Pipe Arsc Pipe Area, Pipe Area, Pipe
in. sq.1r. {ongth, | sq.ft. lengthy  jsq.ft. lemgth, {1q. ft. {ength . . length
. R, . ft. fr.
i 2 .93 7 2,21 .89 2.% 1.24 1% 1.62 4.72
1v/4 1@ .88 .94 2.0 1.08 .48 1.48 3.40 1.94 4.47
11/2 |.48 .95 1.19 2.35 1.34 2.68 1.82 3.44 .38 4.78
2 .87 1.8 1,65 2.45 1.84 2.96 2.54 4.08 3,32 5.34
21/2 .84 V.12 2.09 2.78 2.32 3.08 .2 4.26 4.19 5.5
3 .95 1.03 2.3 2.60 2.48 2,93 3.66 3.99 4.77 5.70
31/2 .2 .07 2.98 .85 3.28 3.13 4.48 4.3 583 5.%
L 134 104 138 290  [3.96  3.3% 5.4 4% |7.083 597
412 1,47 1.13 3.95 3.00 4.43 3.8 6.07 4.63 7.87 6.0
5 1.62 1.1 4,44 3.05 5.00 3.4 6.8 4.67 8.82 6.08
:6 1.82 1.05 $5.13 2.95 5.99 3.45 7.84 4.53 10.08 5.81
7 2.17 1.05 6.17 3. 7.38 .70 9.37 4.69 12.00 6.0
1) 2.41 1.07 6.98 3.9 8.56 3.7 10.55 4.67 13.44 5.96
? 3.00 1.19 8.71 .4 10.%7 4.20 13.18 523 14.78 8.88
10 3.43 22 10.18 3.61 12.35 4.38 15.41 5.47 19.8 4.95
12 4.4 1.3 13.08 3.92 16.35 4.90 19.67 5.89 24.87 7.45
14 5.39 V.9 16.38 4.47 20.17 5.47 24.81 .78 31.48 8.40
16 6.89 V.60 20,17 4,32 25.41 b7 30,32 7.3 38.34 9.15
AREAS, SIZES AND CAPACITIES OF STANDARD PIPE
{All dimensions ond weights cre nominal}
Diometer, in. Thickness] Clrcumlerence, Transverse areas, External Length of Wt of watar
Size, in. in. q. in. surface area, | pipe contoin= | per foot, ib.
tn. . ft. lin ing cu.ft.
Extermal  [ntemol External  Intemal | External  Intermal [ R. of pipe
¥ 0.405 0.9 0.068 1.272 0.845 0.12%9 0.057 0,1060 2533.775 0.025
/4 0.540 0.384 0.083 1.696 1.144 0.229 0.104 0.1414 1283.739 0.045
3/8 0.875 0,493 0.9 2.1 1.549 D.358 0.1 0.1767 754,360 0.083
1/2 0.840  0.522 {0.J09 |2.439  1.954 {0.554 0.304 }0.220 473.906 0.132
3/4 1.050 0.824 0.113 3.9 2,589 0.846 0.5 0.275 270.034 0.23)
1 1.315 1.049 [+ 38 <] £.13 3.296 1.358 0.861 0.34 166.618 0.375
13/8 11,660 1.380 [0.140 15.25 4,335 12,064 1.495 {0.435 96.275 0.55
11/2 [1.900 1.510 0.145 5.969 5.058 2,835 2.036 0.498 70.733 0.88
2 2.375 2.067 0.154 7.461 6.494 4.430 3.355 0.622 42.913 1.45
21/2 12.875 2.49 0.203 9.032 7.757 6.492 4.788 0.753 30.077 2.07
5 3,500 3.068 0.214 10.996 9.68 9.621 7.393 0.917 19.479 3.20
3172 {4.000 3.548 0.226 12.566 11,146 }12.5%6 9.888 1.047 14.565 4.29
4 4.500 4.02 0.237 14.337 12,648 |15.904 12,730 |1.178 Nn.32 5.5
41/2 (5.000 4.508 0.2¢ \5.708 14.15 |19.435 15.947 }1.3009 9.030 6.91
5 5.583 5.047 0.2% 17.477 15.85 [24.306 20.006 1.4586 7.198 8.67
6 6.825  6.045 0.280 |20.813 19.054 }34.472 28.891 [1.7384 4.984 12,51
7 7.625 7.023 0.301 23.955 22.083 |45.664 38.738 [1.996 .7 16.80
B.625 8.0M 0.277 27,096 25.356 |58.424 5).161 2.20359 2.815 22,18
8 8.625 7.98) 0.322 7.6 z5.073 |38.424 50.027 |2.2058 2.878 2t.70
9 9.625 8.941 0.342 30.238 8.9 |72.760 62.786 }2.5220 2.94 27.20
10 10,750 10.192 Yo.2» 33,772 32.019 [90.763 81.85 }2.8174 1.765 35.3%7
10 10.750 10.136 [0.307 33.772  N.843 (90.763 80.671 {2.8104 1.826 34.20
10 10.750 10.020 10.345 33.772  31.479 (90.7863 78.855 {2.810& 1.826 34.20
1] 11,750 11.000 (0.375 26,914  34.53 108.434 95033 |3.075 1.515 41.20
12 12,750 12,090 |0.330 40.055 37.892 [127.676 114.800 {3.338 1.254 9.70
12 12.750 12,000 0.375 [40.055 37.699 [127.676 113.097 |3.38 L.z .00
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3. UNION-
CARBIDE

APPENDIX

AREAS AND VOLUMES - CYLINDERS

Olametsr Surface Areo Volume Copacity Diometer Surface Area Volume Copocity
Sq.Ft.Per Cu.Ft.Per Gals. Per Sq.Ft.Per Cu.Ft.Per Gals. Per
Lineor Ft. Linear Ft. Linear Ft. Lineor Ft, Lineor Ft. Linear Ft.
06" 1.5708 0.1963 1.4688 0" 91. 1064 660.52 49410
110" 3.1416 0.7854 5.8752 26" 92.6772 533,49 5129
o 47124 1.7671 73,219 20°-0" 94. 2480 706.86 587.7
20" 6. 832 3.1416 2. 501 306" 95.8188 730.62 3465, 4
z-6 7.8540 4.9087 3%.78 310" 97.3896 744.77 5648,
30" 9.4248 7.0686 52.877 31°-6" 98. 9604 779.31 2.7
36 10,9956 9.4211 71.971 370" 100.5312 804,25 5016.2
s 12, 5654 12. 566 94.003 326" 102,102 8.8 6205.7
P 14.1372 15.904 118.97 o 103,678 855,30 43981
50 15.7080 19.635 146.88 34 105, 2436 881.41 6924
54 17,2788 2.7% 177.72 RYRT 106.8144 907.92 5791.7
60" 18,8496 28. 274 21,51 -4 108, 3852 934.82 6929
PO 2.4204 33,183 u8.23 35'-0% 109.9560 962.11 7197.1
70" 21,9912 36. 485 27.88 © 356" 171.5248 989.80 7404.2
76" 2.5%D %179 330.48 380" 113.0976 1017.9 7614.2
8'-0" 25,132 50. 285 376.01 36506 114.6684 1046. 3 nRZT.2
8'-6" 2.7036 56.745 4.4 r-o 116.2392 1075. 2 2043.1
910" B. 7744 63.617 475.89 376" 117.8100 1104, 5 3262.0
e 29.8452 70.882 530. 24 380" 119. 3808 N34 1 3483.8
10°-0" 314180 78.540 587.52 38-6" 12,9516 1184, 2 8708. 5
10°-6 32.9868 84. 550 747.74 390" 122522 1194.6 8935.2
10" 34,5576 95.033 710.90 3.6 124.0932 1225.4 9166.8
-6 36.1284 103.87 776.99 W00 125, 6640 1256.6 9400.3
12-0" 37.6992 113,10 846.03 40°-b" 177 2348 1288. 2 9635.8
12-¢ 39. 2700 122.72 918.00 410" 128.8056 132.3 9876.2
130" 40.8408 132.73 992.91 - 30,3764 1352.7 10119
13-4 42,4116 143,14 1070.8 42-0° 131.9472 1385, 4 10364
140" 43.9824 153.94 1151.3 426 132.5180 1418.6 10612
1406 45.3532 165.13 1235.3 . 135, 0858 14522 10663
15'-0° 7120 176.71 13219 Py 136.6586 1486. 2 1z
15'-6* 43,6948 188. 69 1411.5 Py 138. 2384 1520. 5 11374
16' 0" 50. 2656 21,06 1504.0 probes 139.8012 1585. 3 11634
16'-6 51.8364 213.82 159.5 5or I 15904 11897
170" 53,4072 226,98 1697.9 45 -6 142.9428 1626.0 12163
17'-6" 54,9780 240. 53 1799.3 &0 144.5136 1661. 9 12432
18°-0% 56,5488 254,47 1903.6 486" 145.0844 1698. 2 12704
¢ L]
18°-4 58.1196 28.80 210.8 0 147.6552 1734.9 12978
19'-0° 59. 6904 283,53 22.9 76" 149. 2260 17721 13256
196 61,2612 28,65 2234.0 80" 150.7968 1809. 6 13536
-0 62.83D 314,16 2350.1 486" 152.3676 1847. 5 1382
06 64. 403 330.06 259.0 90 153.9384 1885.7 14106
21'-0° 65.9736 346.% 2591.0 96 155, 5092 19244 14396
2= 67. 5444 363.05 7715.8 50'-0" 157.0800 1963.5 14883
720" 69.1152 380, 13 243.6 0’0" 188. 50 87.4 2150
226 70.6860 397,61 %74.3 o0 219,91 2848, 5 8789
2'-0* 72. 2568 415.48 3108.0 80'0" 251.33 5026.5 37601
-6 73.8276 433.74 32446 900" B2.74 8361,7 47509
YR 75.3984 452.39 3384.1 100 0" 31416 7854.0 58752
247-6 76.9692 471,44 35%.6 110"~ s 5 95033 0%
25'-0" 78. 5400 490.87 3672.0 1200 377.00 i1, 309.7 84502
25'-6* 80.1108 510.71 382.3 130 -0 08, 41 13,273.2 99290
2%'-0" 81,6816 530.93 3971.6 140'0* 439.82 15,393.8 115154
26 83.2524 551.55 412%5.8 150'-0" L 17,671.5 132192
-0 84.8232 572,56 4283.0 1750" 549.78 24,052.8 17997
27-4 86. 3940 93.96 44431 2000 62.32 31,415.9 235007
B0 87.9648 815.75 4606, |
86" 89, 5356 637.94 720
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CARBIDE QW RegwY P -1
APRIL 1970
APPENDIX
AREAS AND VOLUMES - SPHERES
Dicmater Surface Volume Total Diomster Surface Volume Total
Areg in in Cu.Ft. Copocity Aroc in inCu.Ft. Copaciry
Sq.Ft. in Gallons Sg.Fi. in Gallons

0 -4" . 7854 654 . 4892 -9 2642, } 12770.0 95525
10" 3.1416 .5236 3.917 29'-4" 734.0 13442.0 100553
14" 7.0886 1.7671 13,22 30°-0" B277.4 14137.0 105752
0" 12,566 4.1888 31.33 30°-6" 2225 14856.0 a3
z-4 19.635 8.1812 6.2 ar-oe 3019.1 15599.0 116689
30 8. 774 14,137 105.8 306" 3nu7.2 16346.0 12242
34" 28,485 22,449 167.9 32-0" 3217.0 17157.0 128343
00 50. 265 33.510 250.7 378" 3318.3 17974.0 134463
Ml 63.817 47.713 336.9 330" 3421.2 18818.0 140760
50" 78, 540 65.450 489.6 33'-6" 1525.7 19685.0 147254
5 -4 95.033 B7. 114 651.7 340" 3431.7 20580.0 153949
&0~ ns.e 1310 846, 1 340-6° 3739.3 21501.0 160839
&'—4" 132.73 143,79 1076 35 -¢° 3848, 5 22449.0 167930
r- 153.94 179.59 1343 15'-4" 3959. 2 23425.0 175231
7.6 176,71 22.89 1652 360" 4071.5 24429.0 182741
8'-0" 201,06 263.08 2005 36' 4" 4185.4 254610 190462
8- 226.98 32,56 2405 . 008 2%522.0 198398
90" 254,47 381.70 255 374" MyX? 7612.0 208552
95~ 23.53 448.92 338 38'-0" 4536.5 2731.0 214923
100" 314.16 523.60 3917 38'-4" 4656.6 29880.0 223518
10°-6"

0r-4 346.36 06.13 4334 390" 4778.4 310%.0 232338
1o~ 380.13 896. 9% 5213 39°-6" 901.7 32269.0 241389
14" 415.48 796,33 5957 40'-0" 5026. 5 33510.0 250672
tr-o" 452.39 904, 78 6768 40°-6" 5153,0 34783.0 20195
176

7-4 490.87 1022.7 7650 A0 5A1.0 36087.0 269950
13'-q" 530,93 1150,3 8505 416" 5410.6 37423.0 9944
13'-4" 572.56 1288.2 9637 AZ-c" 5541.8 39792.0 20184
:4'-0- 615,75 1435.8 10748 426" 5674.5 40194.0 300672

‘b -

-8 680.52 1396.3 11941 i3-0 808.8 41630.0 3hals
15'-0° 706,86 1767.1 13019 44" 5944.7 43099.0 322403
15'-4" 754.77 1949.8 14586 400" 6082. 1 44402.0 333646
:2'-0" 804, 25 2144.7 16044 - 82211 46140.0 345151

e

835.% ns2.1 1795 45'-g" 6361.7 713.0 356918
17'-0" 907.92 2572.4 19243 45'-6" 6503.9 49321.0 368847
174" 962,14 206, 2 2992 Fram 85476 50945.0 381245
:::-2' 1017.9 3053.6 2343 pramey 6792.9 52545.0 393312

- 1075. 2 s, 2 24799 470" 4939.8 54362.0 4065656
19°-0* 11343 a4 26866 476" 7083. 2 56115.0 419769
19'-6" 1194.6 3882.4 2042 48'-0" 7238. 2 57906.0 433167
g,‘g: 1256.6 4188.8 31334 48'-5" 7389.8 59734.0 446841

132.3 4510.9 33744 49'-0° 7543.0 61601.0 450808
2A°0" 1385. 4 4849.0 W73 49'-4" 7697.7 43506.0 475058
26" 1452.2 $M3.7 3892 5'-0" 7854.0 85450.0 489,600
;;_-2: 1520.5 5575.3 41706 55' -0 9,503 87,114 451,873

13%0.4 59641 44615 400" 11,310 113,097 846,024
-0 1861.9 83706 47655 65'-0" 13,773 143,788 1,075,609
23'-4" 1734.9 6795.2 50832 70°-0" 15,294 179,595 1,343,464
34'-0' 1805.6 7238.2 54146 75 -g* 17,672 220,894 1,652,402
‘l_&u

1885.7 7700.1 57601 80°-0" 2,106 258,083 2,008, 400
25'-0~ 1983.5 8181.2 81200 85'-0" 22,698 321,556 2,405,406
254" . D428 8682.0 64945 %0'-0" 25,447 381,704 2,855,344
2'-0* 177 2.8 668842 95'-0" 2,353 443,920 3,358,155
24" 2206. 2 9744.0 789 100*-0" 31,416 523,5% 3,916,785
-0 2%0.2 10306.0 77094
z;-é" 2375.8 1088%.0 81455

-0° 2463.0 11494.0 85981
B'-6" 2551.8 12210 sosri  UCC 003071
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APRIL 1970

APPENDIX

BARE AREA OF PIPE FITTINGS

{Including accompanying flanges in square feet ond in equivalent length

of some size pipe standard weight fittings)

:;:: E‘o::giie:gs 90° ells ors .'Tlf"ll Tees Crosses
- Area Pipe Area Pipe Area Pipe Area Plpe Area Pipe
Sq.Fr. length Sq.Ft. fength Sq.Ft. {ength Sq.Ft, {ength Sq.Ft. length
Fr. Fr Ft Ft. Fr.
1 .32 .93 .79 2.3 .89 2.5 1.24 3.59 1.62 4,72
13 .® .88 .96 22 1.08 2,49 1.48 3.40 1.94 4,47
3 48 .95 1.7 2.35 1.34 2.68 1.82 3.64 2.3 4.78
2 .87 1.08 1.85 2.65 1.84 2.96 2.54 4.08 3.32 5.34
2 .B4 i.12 2.09 2.78 2.32 3.08 3.2 4.2 4.19 5.56
k| .95 1.03 2,38 2.60 2,68 2.93 3.66 3.99 4.77 5.70
3% 1.12 1.07 2.98 2.85 kW -} 3.13 4,48 4.3 5.83 5.5
4 1.34 1.14 3.53 2.90 3.96 3.3 5.4 4.59 7.03 5.97
43 1.47 1,13 3.95 3.01 4.43 3.38 6.07 4.63 7.87 6.00
5 1.62 L 4,44 3.05 5.00 3.43 6.81 4.67 8.82 6.06
6 1.82 1.05 5.13 2.95 5.99 3.45 7.84 4.53 10.08 5.81
7 2.7 1.05 6.17 3.09 7.8 3.70 9.37 4.69 12.00 6.01
18 2.41 1.07 6.98 3.09 8.5 3.79 10.55 4.87 13.44 5.96
9 3.00 1.9 8.7 3.46 10.57 4.2 13.18 5.23 6.78 6.66
10 3.43 1.22 10. 18 3.61 12,35 4.3 15.41 5.47 19.58 6.95
12 4.4 1.32 13,08 3.92 16.35 4.90 19.67 5.89 24.87 7.45
14 5.3 1.47 16.38 4.4 .17 5,47 2.81 §.78 31.48 8.4
16 6.69 1.60 .17 4.82 25. 41 6.07 30.32 7.23 8.4 9.15

UCC 003072
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APPENDIX

OUTSIDE SURFACE AREAS OF FITTING COVERS

Nom Outsids surface erea in square fem
Line {pips
Fimng pree | size Nominal insulation thickness—inches
v P fincnj1 1% 2T M 3 M 4 &% % 5% 6 € T MW
Line Flesnge 150 % 09 14 18 21 23 28 34 4D 47 54 60 68 18 88
- - X 08 14 2% 21 23 29 34 680 47 54 63 68 18 85
- - 1 32 8 24 2% 28 33 39 48 853 60 87 73 84 92
- - % 18 29 27 30 33 39 48 53 80 88 7% 8.3 82 101
- s ™M 16 21 2.7 3.0 33 39 4.6 53 60 68 75 83 92 101
- - 2 19 26 31 39 33 45 5% 58 66 73 82 91 100 109
- - n 30 35 38 48 49 58 6.3 70 718 B.? 96 105 NS
- ” 3 30 36 48 48 49 5.8 6.4 79 80 88 9.7 107 e
- - » 33 39 43 52 £3 60 67 15 83 82 101 111 12t
- - 4 28 45 48 S8 SS9 67 7% 83 82 1091 11 121 132
- - [} 43 B0 63 62 64 71 80 88 98 107 117 128 138
- - 8 46 53 56 67 67 5 84 93 102 112 122 133 144
- - 8, sS4 61 64 75 76 84 93 102 108 118 128 140 159
- - 10 €2 10 13 84 88 95 104 114 125 138 147 158 170
~ - 12 77 B85 90 94 106 113 124 135 148 87 169 182 195
- - 14 82 102 106 112 126 1431 143 154 13656 113 193 2WS 19
" - 16 169 119 123 128 128 1591 174 176 188 202 216 20 245
- - 18 118 122 126 131 142 165 166 185 192 202 219 234 248
- - 20 132 t44 148 152 65 178 203 205 219 234 249 264 280
- - 24 166 168 173 178 194 205 233 234 249 2585 281 297 J14
- 6 % 12 17 26 24 27 32 38 45 57 88 65 73 B81 83
- i % 18 22 27 310 32 38 46 S2 59 67 174 82 91 104
- i 1 18 22 27 30 32 38 46 ST 595 67 74 82 91 104
b - 1% 16 22 27 35 35 35 47 %3 53 68 15 84 93 104
- - % 19 23 31 35 43 44 S50 S7 65 12 80 89 583 108
e * 2 20 27 33 41 43 47 53 BO 67 5 84 83 102 1.2
- - M a1 37 40 80 53 58 S8 73 81 SO0 99 109 U8
- - 3 37 43 &8 57 58 &6 74 81 St 100 110 119 130
- - 3% 41 48 52 8% 70 I3 18 87 95 105 15 128 138
- “~ 4 47 B4 58 61 17 18 86 985 05 1S5 {25 136 147
” “ B 532 69 62 66 82 83 92 101 11t 123 132 143 155
- e [ 58 63 67 12 87 A& 27 137 117 128 139 150 162
- -~ 8 88 75 78 83 98 11.0 111 126 132 143 154 166 179
- - 10 86 95 100 104 1114 134 135 147 158 117.1 183 198 210
- . 12 104 114 119 123 134 146 188 1170 182 195 208 223 237
- - 14 118 29 134 129 151 163 128 200 203 2vS 229 243 258
- - 18 142 154 159 184 12.7 190 204 217 224 227 249 264 1280
- - 18 124 162 7.2 127 190 204 218 232 260 263 278 295 31}
b . 20 129 9.2 19.7 203 217 232 247 263 279 209 312 329 345
- - 2 221 238 242 248 264 280 297 314 331 349 383 386 405
" A0 % 13 18 25 25 28 33 38 46 53 60 6y 15 83 95
- - X 17 23 29 31 34 40 47 54 &1 68 76 B4 3948 102
- e 7 f7 23 29 31 34 80 47 54 61 68 76 84 94 102

- % 1.7 23 2:9 34 3?4 4.0 48 58 62 68 7.7 86 102 104
N 24 27 32 38 41 46 53 60 &7 75 8.3 92 102 19

- - % 3.2 a7 41 81 52 59 67 74 32 91 100 109 120
37 43 48 58 59 67 15 £3 92 101 111 271 138

3

% 42 50 54 57 67 23 80 89 985 W8 118 128 139
4 47 56 60 63 75 80 &8 98 107 17 128 139 150
s 54 61 65 69 85 86 95 105 115 125 137 147 159
8 58 639 70 75 90 92 103 105 123 132 143 150 167
3
10
12
14

K B S 4

89 78 &2 86 103 104 115 1325 136 143 159 121 184
8.8 9.7 102 107 117 137 139 150 1162 174 187 197 213
109 122 125 129 140 152 1725 177 189 202 217 231 245
124 135 140 13§ 157 170 182 207 208 223 237 252 268

Tttt
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APPENDIX

OUTSIDE SURFACE AREA OF FITTING COVERS

Nom Outside surface sree in squere Teet
Line } pipe

Fitting pres | size Nomingi intulstion thic inches
cover psi Jinch) 1 " 2 b+ J % 4 o s 8% 6 6% 2 ™
Line Flange 400 18 147 158 164 170 183 196 208 223 254 253 269 284 301
- 18 169 171 172 83 198 210 224 238 287 269 285 301 Nng
- 20 186 200 205 211 226 24t 256 279 /8 319 X4 338 357
- 24 730 245 251 258 273 200 307 324 A1 359 394 T 4
. 800 % 1.3 18 25 25 28 33 319 46 53 60 67 15 83 g
- " %X 17 23 28 31 34 40 47 S& 6% 68 76 84 97 104
- w 1 17 23 28 31 34 40 47 54 81 68 16 84 97 104
- w 1% 1.7 23 29 36 38 40 48 55 62 88 1Y 86 102 ta
- «~ 1% 24 27 32 36 41 48 ©63 60 63 73 83 92 102 1N
- ~ 2 24 27 33 41 41 47 654 &1 6P 75 85 94 103 113
- . M 32 37 47 47 53 §9 87 74 82 9% 100 110 120
- - 3 37 43 4B 58 58 67 75 83 97 101 113 121 3
- . 3% 42 50 54 63 63 73 B0 8% 99 108 N8 128 139
- - 4 61 57 61 ‘65 B! 82 91 100 110 120 130 141 153
- - 6 69 77 B2 B7 98B 105 114 124 135 146 157 189 182
- -~ 8 89 77 82 87 ©6 .1 114 124 135 148 157 189 182
- - 8 BB 97 102 106 107 1.7 1218 148 180 182 172 200 214
" - 10 108 119 125 130 A3 156 166 1v0 192 205 219 233 243
- . 12 120 124 132 142 153 188 178 202 204 218 232 247 262
- - 13.7. 149 154 160 173 BS 198 213 238 241 266 272 288
- - 18 183 178 18t 187 203 215 229 244 259 289 251 307 324
- - 18 19.0 204 219 217 231 246 262 277 293 310 343 3485 363
» - 20 2% 228 21 238 253 268 285 309 318 336 I8 3II2 b0
- - 24 266 282 289 207 34 231 349 387 388 405 424 482 485
- 000 % 18 24 28 32 40 42 49 88 63 12 18 867 985 108
- - %218 28 30 33 44 44 50 57 64 72 19 88 97 Ny
» = 1 23 29 36 139 49 %8 68 65 73 B)Y HD 99 WS N
" ~ 1% 23 28 36 39 49 SB 658 65 73 81 50 99 109 N9
» . 1% 38 40 44 54 62 B3 71 79 81 D6 108 NS 128
. w 2 40 48 S2 56 69 71 78 88 97 107 117 128 138
» .- M 45 54 5B 62 70 75 87 85 108 15 125 136 147
- - 3 46 54 5B 62 76 17 87 95 105 115 128 138 147
- . % 54 88 67 72 1 B7 95 103 118 125 136 148 157
- - 4 59 €7 72 16 83 102 103 %13 123 134 146 157 169
- -~ B 72 B1 86 91 104 110 1293 141 160 182 17.4 187 200
- - 8 80 a7 92 97 107 116 137 139 150 162 124 187 200
- - 8 108 118 123 128 141 152 364 17 200 203 1.7 23t 248
" - 10 130 141 147 83 165 177 tE1 204 217 245 247 282 218
- . 12 148 157 166 169 182 195 209 223 237 266 268 284 300
- - 4 6.7 180 186 193 207 220 235 250 266 282 298 N8 332
. 18 8.3 196 203 208 224 229 258 273 285 ¢30.2 323 36 353
“ -~ 18 24 238 245 253 268 285 300 A 338 353 3LV 406 «wS
- - 258 274 282 289 308 323 341 359 377 386 415 435 473
" -~ 24 365 384 204 403 421 443 483 484 608 528 551 521 5986
" 1500 % 18 24 289 32 35 42 49 56 63 11 18 &7 95 108
- - % 18 25 29 33 42 42 S50 57 64 72 80 88 97 111
- - v 23 29 36 39 493 &8 58 85 73 83 950 99 109 W9
” “~ 1% 23 29 36 39 49 S8 53 65 73 81 90 99 108 NI
- - % 35 40 44 54 62 63 73 19 82 96 108 110 126
- - 2 41 46 52 S$6 70 71 78 8f 97 107 17 128 138
- - % 46 S4 58 82 63 85 B7Y 95 1085 118 128 1138 147
- - 3 56 63 68 72 81 98 100 1090 119 127 138 180 142
- - n 63 68 77 81 86 100 119 1§ 127 133 BO 182 12
- - 4 70 77 82 87 98 107 128 127 137 150 182 172 186
- -~ 8 89 105 105 108 120 130 1431 183 168 178 191 204 18
- [ ] 98 107 112 119 138 140 152 164 177 189 203 218 23

UCC 003074
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APPENDIX

APPLICATOR TRAINING
chnioc bl e
APRIL 1970

APPENDIX

OUTSIDE SURFACE AREA OF FITTING COVERS

Nom Outsida turface ares in squsre fset
Line { pipe
Fitting pres §size | } Nowminat insulstion thickness—inches
cover ov finch|1 % 2 2% 3 3% 4 4. S % B 6% 7 %
Line Flange 1800 8 125 136 142 143 181 17,3 186 199 225 227 245 257 271.%
- - 10 186 178 WS 193 207 220 235 20 284 283 310 3.4 33t
- - 12 .4 28 237 244 260 26 2202 309 1268 343 381 38O 415
” - 14 258 272 281 288 306 323 241 360 I78 397 416 417 457
- - 8 29 317 326 336 354 372 331 410 430 451 472 493 S14
- - 18 348 388 370 404 423 444 484 ABS5 502 8529 851 S74 600
- » 20 399 419 430 440 461 482 504 526 548 57t 594 618 8642
- - 24 526 548 681 572 898 621 645 670 695 72t Ay 713 79.2
Scrowed
Globe Valve % 1.2 1.2 1.8 21 28 a3 39 4.7 55 65 74 84 94 105
- % 1.3 1.3 1.7 23 28 14 41 438 57 6.7 1.7 as 8.7 1108
” t 18 21 2.7 30 36 48 52 6.0 70 8.0 90 100 110 124
” 1% 1.9 9 25 30 kX1 48 5.2 8.0 7.0 3.0 90 100 110 124
- 1% 2.5 29 3.1 3.4 4.1 5.1 56 6.6 18 a8 9.7 106 $19 134
- 2 18 29 3.2 38 46 54 62 7.3 8.2 93 104 112 128 142
. % 3.7 7 4.4 6.2 8.0 7.0 80 91 102 114 128 1139 153 159
- 3 38 39 A7 5.6 6.4 74 8.4 956 106 118 131 144 157 170
" N
- 4
- 8
- [ ]
- 3
- 10
‘. 12
- "
" 16
- 1]
" 20
" 24
Flangsd
Globs Valve 180 %
-» ” %
- - 1
- o 11 8
- - %
ot i 2 56 58 &2 6.7 1.7 88 99 110 121 123 1145 170 173 194
- be m 68 8.0 B.0 95 103 114 126 138 151 1685 180 1854 210
» - 3 1.2 8.1 BB 98 108 1B 131 143 157 17.1 185 200 21.0
- - a1 83 B85 108 133 §43 157 173 185 200 210 223 244
- . 4 99 103 115 127 140 152 182 179 192 212 223 244 260
- - s 119 126 134 147 160 126 189 204 222 236 255 279 286
4 . 8 128 136 143 156 169 186 201 216 232 249 267 285 309
- - 3 88 188 19.7 207 223 240 257 275 294 313 332 352 373
- - 10 218 232 242 353 220 290 310 3285 349 365 391 412 436
', - » 12 249 268 272 290 2309 329 348 369 390 411 4385 456 480
- - 14
- - 18
- - 18
» - 20
~ . 24
" 300 %
- X

- 1 29 38 45 52 SB 8.7 79 89 101 113 125 138 152 164
~ 1% 33 40 48 53 58 6.7 79 89 101 113 125 138 152 162
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OQOUTSIDE SURFACE AREA OF FITTING COVERS

APPENDIX

Nom Outside surface ares in square fest
. Line | pipe
Fitting pres | size Nominal insulstion thick ness—inches
cover psi |inch| 4 1% 2 % 3 % 4 ;3 5 5% 6 8% ? ™
" Flanged
Globe Valve 30 1% 33 43 50 58 61 69 €0 90 103 113 125 13§ 152 1632
" - 2 7T 81 84 94 107 MA 132 157 157 179 1B5 200 s
- - 2% 83 94 103 106 122 134 147 161 375 190 208 220 237
w -~ 3 94 108 112 122 135 48 162 176 191 207 221 238 23§
- » 3% 118 129 138 144 158 173 187 202 2118 234 252 269 1287
- LA | 143 159 165 174 190 204 220 236 254 267 297 309 128
- - 8 147 165 174 190 204 208 216 249 267 280 304 323 340
- "8 182 166 175 185 200 216 233 249 267 280 2304 323 43
- - 8 208 226 224 244 262 280 300 319 333 359 380 401 424
- * 10 274 291 307 323 337 357 3783 400 422 454 468 492 517
" . 12 388 389 403 416 440 463 488 512 537 563 589 616 643
- ~ 14
L4 ~ 18
- - 1'
L. L] m
- L 2.
- 400 *
- - t 3
» " k
. - 1%
- ~ 1% €5 68 776 78 85 97 109 115 326 139 152 165 180 193
" w 2 79 88 96 106 116 130 143 1156 170 185 200 218 232
" . % 9.3 103 112 127 132 145 159 123 188 203 219 238 263
- -~ 3 98 109 118 128 140 154 168 183 198 214 230 247 284
- ~ 3% 119 28 140 164 168 173 183 198 214 230 247 264 289
- - & 138 151 148 165 179 187 198 219 236 263 270 289 209
- v 8 1S58 174 181 191 290 227 259 262 279 298 3198 339 B9
- o 8 204 222 233 244 261 279 298 317 339 364 380 402 424
- -~ 8 260 2892 280 281 312 332 3853 374 395 418 435 480 482
- ~ 10
- - 12
- - 14
L2 » 'e
"~ » “
re - 20
”» L 2‘
- 800 %
- - '
- » 1 33 43 82 58 66 76 88 98 111 124 17 150 165 180
- “ 1% 39 49 54 68 72 76 94 105 116 129 141 155 169 183
- [ ) 89 79 85 94 105 117 128 140 158 168 183 197 212
" - 2 77 87 84 103 1S 127 140 153 87 182 IW? N2 28
- - % 829 113 117 128 139 152 167 180 1956 211 227 244 261
- . 3 102 1.7 126 133 146 160 176 189 205 22.1 237 154 272
- v M 1.7 126 136 146 160 175 189 205 21 237 254 272 /3
" ~ 4 128 142 153 180 115 197 208 222 239 256 274 293 3t
” - 6 180 195 208 216 233 250 267 287 306 2.6 345 368 387
- - 8 202 220 239 241 258 276 298 N6 336 358 377 39 420
~ - B 300 320 333 348 366 388 419 432 457 479 508 528 554
- ~ 10
- . 12
- - 14
- - 19
- ~ 18
- - 20
- - 24
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APRIL 1970
APPENDIX

OUTSIDE SURFACE AREA OF FITTING COVERS

Nom Outsids surface sres in qusre fest
Line | pipe
Firting pres | size Nominal insutstion thickness—inches
ocover pol [inch{ 3 m 2 % 3 k)3 4 &4 5 5% [] 8% 7 %
Flanged
Glabe Valve 900 %
» ~ '
.. . '
o ”» %
- - 1% 97 108 119 127 140 153 168 183 188 214 230 247 268
e e 2 137 181 161 171 186 203 720 237 %4 271 221 No 330
e b % 18.7 169 180 150 197 324 241 258 76 298 32t 341 382
e - 3 15.7 168 180 190 199 228 2465 263 229 303 333 347 368
I - % 168 180 190 199 226 232 259 279 296 I8 338 350 374
- d 4 175 199 202 713 233 248 268 284 304 324 334 385 386
* - ] 210 228 240 246 273 290 308 3J21 35 313 394 417 MO
- e [ ] 254 273 285 298 317 339 361 382 405 427 .45 482 6049
- -8 384 374 389 408 429 454 459 503 530 €62 S8 609 636
- - 10
bt - 1
- - 14
: - ~ 18
" . - m
- - - 2
—~ 4 1600 %
” - X
- . 9
- . 1%
- » "%
” " 2 131 145 154 163 179 195 2v.t 227 244 26t 280 294 NS
"~ - % 142 157 168 178 191 208 225 243 259 277 206 316 336
- - 3 194 211 24 238 25 172 290 0 Nt 3IBT7 3IT3 394 a5
- - M 24 238 255 269 2722 N0 31 352 I3 394 415 438 40
] - 4 248 284 216 289 308 330 380 372 395 416 438 462 4986
- b4 ] 313 324 348 363 387 A09 432 456 482 5068 633 558 586
e - [ ] 348 388 385 400 423 446 473 498 523 S50 575 603 630
- - ‘
4 * 10
- - 12
s -~ 14
hd - 18
~ - 13
- - 20
- - 24
Screwed
Goate Vatve %
P. x
M 1
- "
- 1%
Ld 2 s1 81 8.3 75 89 105 21 137 155 174 184 213 237 260
~ % 8.2 6.2 78 88 104 120 136 154 173 193 214 236 260 83
- A 23 13 B6 102 138 134 1352 170 199 292 233 2567 280 0.6
. 3% 76 78 89 106 121 138 156 175 196 186 238 261 285 311
- 4 88 86 102 1.7 134 152 110 190 241 233 256 280 306 B2
- ] 112 136 145 152 190 193 233 258 280 306 337 365 394
- [ ) 132 154 173 194 218 237 26t 285 311 1318 385 394 424
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APPENDIX_

QUTSIDE SURFACE AREA OF FITTING COVERS

Nom Outside surface sres in square feet
Line | pips —

Fitting pres | size Nominal Insulstion thicknes~inches
cover od jinch) 1 % 2 F2 3 % 4 % ] (2] ] 5% 7 ™

Serewad

Gate Vaive 8 176 197 217 2447 265 290 316 343 71 400 430 AB2 a9
" 10 209 232 255 280 308 332 381 38D 420 459 483 B1S 550
L4 12
" 14
- 18
- 13
- 20
" 24

Flanged

Gats Vatve 1% %
- " %
~ ~ 1 41 44 48 83 66 85 93 104 120 128 138 152 185 1BO
- 14 43 48 53 56 68 90 104 112 124 136 150 183 177 192
- . 1% 46 49 57 63 74 103 113 124 136 143 163 127 192 206
- - 2 S0 61 72 8B 102 118 134 154 174 195 218 241 263
- . % 58 70 81 97 113 130 148 165 188 206 234 257 283
~ P | 70 81 98 11t 127 145 165 186 208 230 254 280 306
- . 3% 73 B84 98 112 129 147 165 187 205 232 256 278 306
- - 4 84 97 YO0 125 143 152 183 205 228 252 277 303 330
- LI 1 10D 115 129 153 163 172 205 228 2%2 278 304 331 360
- - B8 13.0 137 180 179 199 222 246 273 297 X0 353 382 413
" [ 8 167 183 203 218 241 261 292 320 348 373 408 40 45
- - 10 198 2156 234 254 275 302 329 359 388 419 453 438 S8
- . 12 2% 2724 302 317 339 388§ 338 428 462 495 531 652 60
. - 14 267 218 340 363 392 419 438 472 %07 BA4 580 618 634
~ . 18 395 428 454 480 508 637 585 598 641 681 725 768 81
" . 18 412 437 484 490 S18 547 577 613 851 683 735 719 82)
- - 20 431 509 534 5687 $95 624 659 697 739 783 828 834 389I
- . 24 00 825 622 693 726 761 795 837 §$85 9385 ©83 W32 1086
” 00 *
- - k3
- e 9 4% S$2 61 66 895 B85 93 104 120 128 1139 152 168 180
- ~ 1% 486 58 66 73 28 90 104 112 124 136 150 1163 177 182
- ~ 1% 68 68 76 B2 950 10y 113 124 136 148 1683 177 192 208
" - 2 72 84 87 96 107 1B 130 143 160 173 W5 20 NS
- - % 82 991 100 107 118 131 143 157 171 186 200 215 232
- - 3 9.7 11.0 118 125 138 153 185 183 197 294 229 248 268
- - 3% 83 12 #B8 125 133 151 165 183 197 214 223 248 65
- .~ 4 122 134 142 149 164 179 193 09 224 241 259 276 234
- « B 147 160 166 178 192 208 224 240 258 226 294 NI 32
- - 6 168 179 192 198 213 230 246 264 283 301 320 340 38.1
- - 8 208 226 234 244 282 280 299 318 337 357 318 400 4
- . 10 271 28 298 212 332 352 373 393 417 438 461 432 508
- - 12 351 372 385 338 420 439 454 488 511 5356 561 587 G614
- - 14 400 486 502 613 641 566 S92 620 647 §76 696 733 158
- - 18 850 575 592 607 635 662 693 721 750 733 813 843 815
- -~ 18 0.1 631 643 662 689 720 749 781 B10 B42 813 908 MO
- - 20 718 748 765 784 818 8471 879 912 945 981 1015 1050 1084
- - 24 918 569 D89 1003 1043 1079 1116 1142 1190 1228 1266 1305 1345
- w0 %
- - %
- « 1 48 87 67 73 78 9D 101 112 124 t37 150 163 177 192
~ - 1% 47 B9 68 78 B3 53 104 118 128 140 154 167 182 197
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QUTSIDE SURFACE AREA OF FITTING COVERS

Nom Owtside surface ared in square feet

sizs Nominst Insulstion thickness—inches

PFinimg '
fnch | ¢ " 2 M 3 ko 4 L1 5 5% &% 7 ™

Flonged

Gats Valvwe % 49 80 69 78 81 94 104 116 128 140 154 187 182 196

81 92 101 107 119 131 44 158 172 188 W2 216 23]
24 110 110 124 337 180 185 178 193 209 224 241 259
103 118 125 133 146 160 175 189 N0 22t 237 284 272

128 15% 183 170 185 202 218 234 252 269 788 W8 327
138 157 183 170 185 202 218 234 252 269 288 308 327
180 196 207 217 234 253 B9 283 308 328 347 368 389
198 202 213 224 240 258 275 295 NS5 334 354 76 39?7

2
™
3
m
4
s
s
8 283 272 82 294 314 335 3IS6 377 03 423 443 439 490
10 310 231 344 3BT 378 400 422 445 470 491 517 8542 564
12
1
1
1
)
24

131

370 410 424 433 481 454 510 535 S81 587 613 841 658
483 478 453 8317 543 589 508 623 651 679 704 737 9868

874 801 618 635 663 693 722 7152 783 813 846 877 9t
630 658 675 693 722 752 782 813 849 877 910 944 973
744 782 600 819 BS591 833 917 950 885 101.9 1054 1090 1126
96.6 100.0 102.0 1042 107.7 111.4 1151 1189 1224 1286 1206 1345 1385

LI I O |

40 81 $9 €6 72 83 94 104 116 128 140 154 187 188
% B4 63 74 80 86 100 117 123 135 148 162 178 191 208

1% 73 83 838 97 109 120 132 145 159 173 187 203 218
105 1172 128 132 145 159 174 184 203 218 235 253 270
112 1256 138 141 154 189 184 199 214 230 248 266 283
129 142 B0 169 174 B9 N5 220 238 254 272 0 309

2

m

3

» 162 180 1.3 207 2289 250 272 297 323 342 374 A0V 429
4

L]

L]

183 8% 211 221 238 258 N3 293 313 VI B3I 74 98
214 233 244 285 7.4 292 312 23 354 315 397 M19 42
269 278 288 302 322 33 385 386 409 437 454 430 503

3 341 364 38 392 415 439 463 437 513 537 583 8530 817
10 41.8 440 454 4859 435 618 5344 570 B97 624 €52 B30 709
12 438 516 529 644 571 598 625 653 633 711 740 770 80.%
14 578 604 620 635 £63 694 724 754 784 815 847 880 912

16 660 690 207 724 754 785 B16 848 831 914 947 833 115
18 9.1 823 842 861 B9.4 928 882 996 103.1 108.7 1104 1140 1178
905 §39 S89 €80 1018 1052 1088 1125 1162 119.2 1239 1278 1218

120.8 1248 1272 1296 1337 1378 1419 1462 1504 1549 1569.2 161.7 1682

Py

87 87 107 114 126 139 152 167 182 196 212 227 248
93 104 114 122 13§ 149 162 178 193 208 224 240 758

g9 109 120 129 142 155 17.0 185 200 216 233 248 267
133 147 158 65 180 197 213 230 246 264 283 302 322
167 182 192 203 220 237 258 272 291 319 33 352 372
+71 187 182 208 225 243 26 278 298 38 338 B9 8O

194 205 2186 233 250 267 286 308 325 45 366 3B.7
206 214 225 2356 253 237 289 309 318 349 370 392 413
267 787 27 31 332 353 374 396 413 441 457 489 514
311 332 348 359 380 403 426 449 474 497 522 548 574

382 405 419 433 457 482 508 5312 558 595 61.2 640 668
476 S02 518 638 581 SBB 615 644 672 702 31 762 783
9.1 617 636 653 683 712 743 774 310 838 870 904 837
805 726 745 764 796 829 B62 895 929 9623 928 1034 107.%

817 851 STt B9 926 960 996 1031 1068 110.4 1142 1180 1219
989 935 1017 (040 1076 111.4 1152 119.0 1229 1269 1308 1349 1390

$ ¥ 8B F I R X I T oRoR DM

2883 355w SRAy wNN= 2a t §-
]

illl‘llllltllll!l!lg'Olallllllliilltlllglllllllllllllllg z‘?
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APPENDIX

OUTSIDE SURFACE AREA OF FITTING COVERS

Nom Outside surfacs srea in square feer
Line | pipe _—
Fitting oebs | vize Nomsnal insulstion thickness—inches.
cover ph Jinch ¥ Y 1% 2 2% 3 3% 4 L2 ] 5% ] 2.1 ? T
Flanged
Gate Vaive 1500 %
~ ”» %
" . 1 79 89 98 106 118 130 143 157 112 188 201 2.7 731)
- 1% 23 105 115 123 136 149 163 179 194 209 228 243 259
- R } 97 109 120 128 149 1556 169 184 200 216 232 248 257
- - 2 121 144 148 163 174 194 220 226 243 260 279 2989 )
" LI+ 164 178 188 199 2115 232 250 287 286 308 325 345 366
- -« 3 195 211 224 236 253 272 299 .0 33t 352 3713 395 av?
- » 3% 238 236 249 260 279 298 3B N9 360 382 404 427 449
4 - A 202 218 251 288 306 327 38 369 393 414 437 460 486
L4 v 8 352 374 390 405 428 452 478 502 S29 554 580 608 638
4 - 8 40.2 430 440 455 480 505 533 558 585 612 640 6569 699
~ - 8 51.7 B45 563 879 607 635 664 €694 724 754 788 818 850
v “ 10 683 718 736 756 788 821 655 889 823 958 994 1030 1067
- w12 813 867 B89 913 949 985 102.1 1059 109.0 1135 1174 1214 1753
- - 14 96.7 1004 1030 1055 1093 $133 117.2 1213 1253 1295 1336 1379 1422
~ - 18 1180 1200 122.8 1254 129.6 31338 138.0 1424 1469 1512 1557 1803 1649
- - 18
- s 20
- -~ 24
Walding Tee %
- X 7 1 14 26 3J3 40 49 5B 88 79 23
- 1 8 1.3 18 28 33 40 489 59 68 78 93
- % 9 13 1.8 268 33 40 49 59 68 9 83
- 1% 1t 18 28 32 40 4B 58 68 78 93 10§
™ 2 13 18 25 32 40 48 58 638 74 93 108 113 11.7 129
- M s 285 32 J9 47 57 67 780 92 104 1.7 131 148 169
- 3 8 25 32 9 47 57 67 78 92 104 117 131 148 189
- 3% 23 30 38 48 55 68 27 BtV 103 116 13O0 146 60 178
- 4 24 30 3B 46 86 68 77 91 103 116 130 3145 150 178
- 8§ 30 37 44 53 38 67 78 53 103 116 130 146 160 118
- 8 37 44 53 62 11 83 93 105 11,7 129 144 158 173 158
- 8 82 1 83 93 105 1.7 130 44 158 73 188 204 2219
- 10 92 103 11S 128 14t 156 12t 188 202 29 237 288 274
- 2 15 128 141 156 171 1868 202 9 237 I35 274 3 N3
- 1% 128 143 156 1710 186 202 219 237 285 274 23 N3 B4
- 16 156 1731 186 202 218 237 255 274 293 313 334 XS A2
- 18 186 202 219 237 255 273 /3 I3 334 355 37.7 199 423
- 20 219 237 28585 273 293 313 334 356 327 V9 413 4 e
- 4 293 313 334 355 377 1299 423 447 411 4968 522 549 578
Screwed Tes % 10 5 183 22 21 33 39 48 83 80 72 77 88 98
- x 13 16 28 32 40 48 59 69 80 93 10058 18 132 147
- 1 13 18 26 32 40 48 69 68 80 93 105 NS 132 142
- % 1.6 26 33 40 48 59 68 80 53 085 1B 132 47 1862
- 1% 16 26 33 40 48 59 69 B0 93 1105 118 132 147 182
- 2 16 28 33 40 438 59 69 80 83 105 118 132 147 162
- MM 286 32 239 48 58 68 748 92 104 M7 131 148 182 M7
- 3 3 39 a8 87 62 8 B W04 117 130 1456 161 177 194
L4 3% 3Y 39 @ &7 67 78 89 104 1.7 120 146 89 127 134
- 4 31 39 48 87 &2 78 91 104 117 120 145 181 177 1B
- ] 46 53 80 69 80 31 104 117 130 1aE 181 177 e
- [ E 8 &1 720 79 &7 98 106 11.7 130 148 I8y 127 188
- 78 87 93 108 12 127 134 150 156 123 181 200 208
- 10 104 114 125 136 147 1S9 121 184 197 1.7 2285 2389 84
- 12 1.7 136 147 159 171 184 197 1.1 228 239 254 269 NS
- "
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OUTSIDE SURFACE AREA OF FITTING COVERS

Fining

Line
oves
]

Qutside surface sres in square fest

sire

inch} 9

%

Nominal insulation thickness—inches

3

m

4

9%

5%

L K 3

T 21 3t $ 3 31 vV¥ Prazz g Ao

lt!l!:lllll§l!!|lllllllllltlllt§!llll!!l'!!llIl!!!l!

-
[ ]

¥
"

o Oﬂbg u§u; a-‘

%

- b - .
B33 230w adag wRNE = 2N

30

43

85

29
32
4.1
65

5.5
5.7

s
47

49
59
7.2
78

[

122
134

16.9

26.2
nz
.7
403
48.2
829

8.7
79
| A

1.2
133
s
183

209
284
399
47.4

49
6.2

(A
82
B8
10.3

104
ng
142
168

185

279
349

»a
4318
615
66.9

94
2]
ns

133
149

168

18.7

no
29.4
82
.0

61.6
8.0
67.4
840

4.6
6.1
68
74

17
8.5
10.6
124

139
135
178
19.5

83
&8

88
as
10.1
w09

1"ns
133
150
174

282
28
32

405
“se
2.7
633

146
168
18.4
205

60
15

78
23
0.4
1o

121
136
179
178

210
F. X4

a1t

3.9
478

n.o

105
1.7
126
16.5
18.1

211
272

12.7
143

17.2
18.7
13
33

(.2}
X3

86
108
1.4
129

13.2
149
179
18.Y

228
70

. 323

409

45.0
51.4
61.4
73.7

1"z
13.0
149

168
18.2
209
242
276

17.3
19.2
215
235

7.7
95

95
1"e
125
132

43
16.1
189
198

240
28
M1
411
48.1
81.7
621
9.0

129
145
163

183
20.4
225
26.0

296
68
45.1
0.3

0.3
69.0
783
95.2

79

10.1
10.5

116
12.7
15.1
17.0

a7
208
230
2%.2

a5
105

108

13.6
143

156
174
260
7ns
%6
a0s
380
433
94
54.4
623
792

22.%

218

103
1.6

1.6
138
149
18.1

169
188
ns
213

212
379
453

61.6
56.7
648
821

155
172.1
19.2

24
237
28
N4

_Any

438
578

68.6
718
844
1020

9.7
105
123
12.7
13.7
15.1
12.7
19.8
06
2237

85

".2
126

12.6
151
18.1
178

182
233
248
39
40.0
474
539
9.5

8.0

12.2
s

138
163
18.2
18.7

19.8
21.8
243
265

306
59
“s
49.6

56.2
62.0

879

18.4
0.0
224

24.7
27.2
296
137

375
458
622
73
82.7
91.3
1120
16
12.5

145
15.0

163
178
228
23.7
27.0

21

134
15.0

15.0
17.6
18.7
20.1

209
24.1
2658
281

324
378
438
819

538
64.1

909
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OQUTSIDE SURFACE AREA OF FITTING COVERS

Nom Qutside surtace ares in squars fest
Line | pipe
Fitting pres | size Nomina! insuletion thicknesi—inches
cover pi |inch) ¥ % 2 b3 3 % ] % [ BY% [ % 7 ™
Flanged Toe 400 8 217 238 244 254 286 207 308 323 342 351 381 399 4
- ~ 10 773 296 307 319 339 381 377 398 418 M0 453 483 50y
" -~ 12 30 37.% 383 395 418 438 471 483 504 627 551 575 609
- -~ 14 404 428 439 451 474 498 520 565 568 6B2 617 543 649
~ - 38 42 %085 529 523 557 672 607 632 681 €8S 712 738 57
~ - 18 534 587 58t 596 623 647 674 700 752 7S 7.3 812 84
" - 20 638 662 677 633 720 748 777 7788 B3S 691 895 925 056
. - 24 823 8353 870 888 9tS 951 382 1015 104.7 1081 1144 1148 1183
" 600 %
- - x
" ~ t 41 82 53 65 73 BO 92 10t 112 123 133 145 158 170
- ~ 1% €3 53 62 72 78 81 9% 108 118 127 138 150 158 178
- -~ %62 63 72 28 93 95 108 118 127 137 150 183 180 183
- - 2 57 @89 B0 65 98 108 1.6 128 138 151 164 178 1991 218
- - % 88 08 108 125 127 139 182 163 178 192 206 220 235
- -~ 3 101 113 123 142 144 187 170 184 197 21.3 29 243 No
- - 3% 118 131 139 148 170 123 127 202 N6 232 A7 284 220
" - 4 128 150 159 170 198 200 214 230 247 262 280 297 NS
- - 8 192 206 220 229 245 261 204 297 M6 334 383 372 392
- - 8 208 218 229 239 256 288 290 309 328 347 366 338 4Q7
- - 8 270 209 209 310 330 351 388 391 411 423 4683 478 498
- ~ 10 353 3.3 387 M7 421 43 466 $1.3 514 538 500 585 613
" - 12 397 419 432 448 488 4391 515 560 562 S88 61.3 639 68S
. . 14 452 476 489 503 531 553 578 601 649 653 680 736 764
" . 18 60,7 599 601 602 628 655 682 710 737 1941 798 834 BS4
" - 18 650 678 635 711 749 768 798 837 BS7 B35 946 051 0682
- - 20 739 758 786 B04 834 BES5 898 927 950 952 1054 1058 1092
- -~ 24 964 99.7 1018 1038 1063 1108 1143 1178 1214 12593 1288 1359 1383
" 900 % :
- - %
~ - ¢ B8 68 78 85 102 104 118 122 138 180 163 176 190 204
- -~ $% 58 70 82 88 106 108 120 126 148 156 169 183 198 231
- - 1% B3 B84 94 100 110 133 134 145 158 170 185 198 213 227
- -~ 2 109 121 132 349 168 187 182 QY 211 227 243 258 228
- - 2% 132 144 148 182 178 204 206 223 236 7654 270 283 308
- -~ 3 139 146 147 183 176 204 208 224 239 254 272 284 308
- - M 147 156 183 172 192 221 16 234 257 278 2086 3I1e 1P
- - 4 160 175 186 188 210 240 242 259 275 297 312 2330 43
- - 8 209 228 237 248 266 283 318 338 357 37.7 397 418 439
. - 8 237 252 263 275 202 310 348 351 371 390 4Ll 433 454
" - 8 330 369 M4 3BI1 399 420 443 468 B10 522 S46 81t 588
- . 30 467 434 448 462 436 509 535 558 543 631 518 661 688
- - 12 480 516 531 546 S7.3 528 624 6851 628 730 714 782 M2
" . %4 560 589 608 623 660 G67& 706 734 764 793 849 853 884
- - 18 643 670 €88 708 715 764 794 824 8S5 886 U46 948 S82
- -~ 8 762 792 812 831 862 894 926 €58 978 1026 1060 1128 1110
- - 20 887 920 541 881 995 1029 106.3 1099 1134 1171 1206 1243 313
- -~ 24 124.2 1281 1306 1330 1389 141.0 1450 148.2 1533 157.5 161.8 168.0 170.4
- 1500 »
- ” %
- ~ 1 88 648 79 B8S 102 104 118 122 138 1180 163 178 190 208
- - 1% 721 82 86 108 108 120 126 148 156 169 183 198 21!
- - 1% 24 94 100 110 133 134 148 158 1720 178 198 213 727
- - 2 109 121 132 140 168 187 182 197 MY 227 M3 &8 278
- - m 127 144 148 182 1768 203 10 224 227 23 270 200 209
- - 3 164 169 179 188 204 238 238 254 1) 288 307 328 MNS

UcCC 003082

anes TR A e )




APPENDIX

APPLICATOR TRAINING
PAGE 477

APRIL 1970

STANDARD

ONEMICALS AMD PLASTICD

APPENDIX

OQUTSIDE SURFACE AREA OF FITTING COVERS

Hom Outside surface sres in squere teet
Line | pipe
Fiting | oves | oz Nominal insulstion thics inches
cover ool Jlnch| 1 ™M 2 2 3 3% 4 4% B85 S & 6 7 ™
Fnged Tes 1600 3% 173 186 182 207 128 750 264 273 293 327 3a 350 380
- - 4 197 233 T4 36 264 263 304 305 328 M6 WS 386 407
- - 8 263 283 207 N0 330 349 370 412 418 417 459 492 B5OS
- - 8 291 311 125 338 357 330 402 440 447 47.0 433 517 543
- - 8 382 404 420 435 452 482 508 532 381 524 609 533 663
- - 10 520 839 8557 582 609 639 665 693 722 752 809 812 842
S - 12 670 708 728 746 718 808 841 B4 906 944 973 1008 1071
~ - 14 818 8354 879 &7 931 986 1002 103.7 107.2 1109 1145 1183 1220
- . 18 97.3 1012 1034 104.7 1064 110.1 1128 1176 1214 1253 1202 1332 1372
. - 1’ 115.2 118.0 121.8 1745 1284 1325 1356 1408 1349 149.2 1533 1578 162.2
- - 20 1238 1384 1406 1434 147.8 1521 1564 1609 1654 1700 1745 179.1 1833
- . 24 179.0 1839 1872 190.4 1953 200.4 205.4 210.8 2157 2209 2261 231.3 235.4
Welding Elt % 3 5 & 16 21 28 35 & 52 62 12
20° £ 3 85 9 16 22 28 36 43 82 82 72
- 1 4 7 10 18 22 28 35 43 52 82 12
- % 4 8 10 18 22 28 35 43 52 82 22
“ % 8 B8 15 20 28 33 41 50 S8 11 a3
- 2 8 11 15 20 26 33 41 S0 S8 J1 83 93 106 127
- % 10 18 20 28 33 41 47 B9 70 82 94 106 119 133
[ 4 3 12 1.8 20 28 a3 41 4.7 68 70 a2 84 106 119 133
- 3% 18 22 27 32 33 47 57 63 128 90 102 M6 120 143
- 4 18 22 27 32 39 47 B7 B8 18 90 102 16 129 143
. 8 24 29 36 44 49 S8 65 7JB B4 87 108 125 41 153
- B 13 38 44 B2 59 71 77 85 94 104 118 135 150 168
- ] 48 84 62 70 18 86 91 103 1B 3128 147 149 155
- 0 69 27 85 94 103 115 115 135 147 1587 170 183 198
- 12 NS 126 128 149 185 175 187 202 215 228 246 260 208
“ 1 128 182 B4 190 192 204 218 .3 250 263 273 297 .7
- 18 178 196 207 726 236 250 766 283 300 I8 335 363 30
- 18 221 3234 249 2685 283 300 3.7 330 353 270 3B 407 428
- 20 261 278 294 3.1 329 358 306 334 403 420 443 466 480
- 2 362 3|3 404 423 440 462 487 511 532 553 676 602 628
Sorewed Elf % 7 13 13 18 21 27 32 38 44 B1 59 687 75 83
™y X 8 13 17 29 27 32 38 44 51 80 67 15 83 87
- 1 10 43 18 2t 27 32 3B 44 51 €0 87 15 83 87
- % 11 19 25 31 37 46 64 63 64 67 67 15 83 8.7
- ™11 19 25 21 37 46 S54 €3 64 67 67 25 83 87
- 2 13 19 25 31 37 48 54 €3 &7 €7 35 83 83 102
- a 19 25 31 137 48 51 S84 B3 64 67 75 83 B7 102
- 3 19 26 21 27 46 51 S5 63 67 15 83 687 102 N2
- % 26 28 37 46 61 64 63 B2 75 83 B? 102 1.2 122
P 4 26 32 iB 44 8.1 6.0 6.7 7.5 8.3 8.7 102 112 122 132
- s 318 44 61 60 67 75 &3 87 102 112 122 132 144
. 6 44 51 B0 67 75 B3I B7 102 11.2 122 132 144 158
" 8 60 67 25 83 87 102 1.2 122 132 144 158 167 178
- 10 23 47 102 312 122 132 143 156 167 179 19.3 205 218
- 12 102 112 122 132 144 158 167 179 193 205 219 233 2438
. 14
- 18
- ®
- 20
- 24
- ‘% .7 2 1.0 1.4 t.7 21 25 3.0 36 41 4.8 54 6.6 8.7
* X 8 10 %4 1Y 21 25 30 36 41 48 54 650 67 14
- 4+ 8 10 14 17 21 25 30 36 43 48 54 60 67 14
P 1x 9 1.4 22 23 2.7 34 4.0 48 58 6.3 7.1 80 87 as
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APPENDIX

OUTSIDE SURFACE AREA OF FITTING COVERS

Nom Outside surfacs aces in square fest
Line | pipe
Fitting pres | size Nominsl insulation thicknesi—inches
cover o Jimch|t 1% 2 M 3 % 4 4 5 S 6 6% 7 ™™
Screwed Eif W% § 14 22 23 27 34 40 48 S5 63 7% 80 87 93
@ 2 13 18 23 2% 29 38 43 43 57 6&¢ 15 83 92 9y
- 2% 14 18 24 27 32 39 45 53 60 68 77 86 96 105
- 3 $7 23 26 32 31 43 652 B3 67 74 84 94 103 114
- a% 1.7 23 28 32 37 43 48 57 67 74 B4 94 103 114
- 4 23 28 33 38 43 48 87 64 71 75 87 95 104 ns
w 5 33 38 43 57 64 64 71 75 87 95 104 1.4 124
- 8 38 43 652 S8 64 71 29 8B 97 100 114 124 132
" ] 60 657 65 23 81 90
“ 10 727 81 89 101 112 123
, 12 89 101 108 122 135 Y148
. 14
- 1
- 1
- 2
" 24
Fianged Eil 150 %
Short Red. 90~ %
- ~ 1 24 32 38 43 483 57 64 88 94 108 122 137 155 172
~ 1% 33 39 43 50 B0 72 B8 69 112 1286 143 180 177 193
- ~ 33 39 43 S0 B0 72 B6 99 112 128 143 160 177 193
- » 2 47 43 50 60 72 80 B84 100 114 128 153 164 183 197
» - 89 S9 83 72 80 B9 102 116 131 156 169 187 203
- -~ 3 59 89 67 12 80 89 104 118 133 159 177 130 3209
- - M 67 76 84 90 100 1.7 127 147 159 115 194 210 233
" -~ & 78 90 97 103 113 117 141 158 174 193 211 234 284
“ - 8 87 100 106 113 134 140 150 170 188 201 221 237 258
- - 8 114 125 132 141 153 165 178 194 216 235 257 280 303
" ~ B 116 129 138 148 162 178 194 212 233 246 276 298 122
- -~ 10 164 175 B4 193 206 221 242 267 7.3 290 306 327 353
- - 12 20t 218 2285 238 249 265 288 303 327 3”1 37.7 405 434
- - 14 254 270 281 292 309 327 345 363 382 40) 420 444 474
" » 18 M0 327 339 351 370 3IB9 408 428 449 459 490 512 534
- . 18 334 358 371 393 402 422 443 463 484 508 8528 560 BI4
- ~ 20 706 416 428 441 462 483 S05 528 550 57.2 9.6 620 644
- . 24 530 552 568 583 607 625 6568 682 708 734 760 788 815
Flanged EN 10 %
Long Aad. 90" - %

24 32 38 43 48 87 64 B5E 94 108 122 138 155 1172
31 39 44 50 60 72 86 100 12 126 143 60 177 193

3% 39 45 80 80 72 86 100 W2 128 W3 80 1727 W3
87 67 65 70 18 90 107 123 136 154 170 188 203 222
87 65 7.0 78 90 107 121 136 154 170 188 203 212
80 65 70 28 90 107 123 136 154 170 180 203 232

87 78 85 90 100 1.7 127 142 159 175 194 210 233
79 50 97 103 113 117 141 169 175 193 21.2 234 254
87 100 108 11.3 134 140 150 1720 188 201 22% 237 258
914 125 132 141 153 165 1728 195 218 2368 287 280 303

116 129 138 148 162 17.8 194 212 233 248 278 298 2

”»

LI K S
1 3

T e
LR R I 3

A}
[} aahg Uﬁu; ;-.

- » 10 154 175 184 193 206 221 242 257 273 290 308 327 35!
- . 12 201 215 228 236 249 265 286 303 327 3I51 327 405 434
- ~ 14 754 27.0 281 202 309 3227 348 363 382 a01 420 44 478
- -~ 18 N0 327 339 5.1 I6E 389 408 428 449 469 490 512 514
- ~ 18 34 358 371 303 402 422 443 483 484 508 528 560 514
- - ° 400 418 428 441 462 483 S05 526 550 S§12 S5 620 644
- - 24 $30 552 568 583 607 625 656 682 708 734 760 788 M3
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APPENDIX

QUTSIDE SURFACE AREA OF FITTING COVERS

Nem t
Line | pive Owtside ssrface arna in squere feet
Fitting pres | size Nominal insulstion thickness~inches
consr psi Jimch| § 1% 2 ™ 3 E 4 L 1 % 8 8% 7 ™
Funged ER 150 %
- - u
- L4 t 12 1.8 1.9 21 24 28 a2 4.2 4.7 54 [ A] 89 7 88
" e N 13 16 20 22 25 30 as 43 49 5& 6.3 7.9 80 88
- - ™ 98 19 22 24 28 33 383 48 31 57 @65 74 831 90
- L4 2 5 19 22 24 28 k< § ] 338 45 a1 57 85 74 8.1 9.0
- o ™% 1 22 24 26 31t 38 45 51 87 85 74 B1 80
" - 3 28 29 k&) 38 40 44 8.2 59 ae 79 8.7 858 104
” - % 234 28 42 45 80 58 €64 71 80 88 9.7 105 118
" - 4 39 45 48 52 87 88 70 79 B7 97 108 1) 127
- - s 43 80 &3 57 87 70 5 85 84 101 1.1 118 129
- - ] 8.7 &2 8.6 I 128 82 89 98 108 118 129 140 182
- " a 8.8 a4 89 74 81 88 97 108 116 123 128 149 161
. - 10 7.7 88 92 96 103 tLt 121 128 137 1485 153 167 178
- [ 7 ] 101 107 112 18 128 133 144 152 183 176 183 203 2%.7
- - 14 127 138 140 45 184 1863 172 182 191 200 N0 22 A7
- - 18 156 184 17.0 178 185 194 204 214 224 234 245 2568 287
- - 18 18.2 129 185 184 201 213 229 22t 242 253 284 280 237
- - -~ 20 198 208 214 221 231 242 2562 243 275 288 298 N0 R22
//:.' - 24 265 276 284 232 04 I3 2B M) 354 367 3|0 4 L8
Table B-29 Square feet of insufation on duct work
¥ innslstion Z Insuistion 1* insutation 2 insuiation
Semi Sqft Seml Sqft Semi S5gft Semi Sah Serni S8qaft Semi Sqft Sem! Sqft Semi Sqft
porien  insul  perin It perim  insud  perim  ineu) perim  insul  perim  insul parim  imul  perim  insul
a 167 65 1117 B 200 65 1150 37 650 84 1800 37 883 54 154
1 1.83 &8 1R % P AN 68 1168 38 668 25 1817 3B 7.00 9% 16.50
10 200 67 150 10 234 €67 MmN83 39 6B3 9 18B.M 39 737 96 16.88
" 212 68 1168 11 250 68 1200 40 7.00 97 16.50 40 7.34 87 1683
12 M & N8 7?2 287 6 1217 a 717 88 1866 1] 7850 988 17.00
13 250 0 12.00 13 284 70 1234 42 734 99 1683 42 768 99 17.97
14 268 71 2V 14 300 71 1250 43 750 100 17.00 43 783 W00 17234
15 280 72 1234 15 317 72 1268 44 766 10% 1717 a2 800 101 17.50
11 300 73 1280 10 R ) 73 1283 45 783 102 1734 45 a1? 102 1768
17 217 74 1288 17 aso 74 1300 7. 800 103 1750 a 834 103 1783
8 33 718 1233 19 368 8 1317 47 817 104 1766 4 850 104 1800
”» 380 7 1300 19 383 78 1334 48 934 W5 183 48 868 105 1817
20 3668 T 17 20 400 77 1350 49 850 106 18.00 29 883 105 18.38
i) 383 78 1334 21 437 78 1366 50 866 107 1817 50 9.00 107 1850
2 400 79 1380 n 434 79 1383 3] 823 108 18.34 61 917 108 1866
] 417 B0 1365 n 450 80 14.00 52 800 109 1850 52 934 109 1883
2 434 & 1383 24 46 81 1417 53 9.17 110 18.68 53 950 110 19.00
% 4850 82 1400 25 483 82 1434 54 934 11V 1883 54 956 111 1917
6 468 B3 1417 28 500 83 1450 55 950 112 19.00 58 883 112 1934
27 48 M4 1AM 27 517 84 1466 6 966 113 13.17 5 1000 113 19.50
.28 8.00 85 480 - ] %] 85 1482 87 983 114 1934 57 1037 114 19.66
. ] 817 88 1458 2 850 86 15.00 58 1000 115 1950 58 1034 115 1983
30 8 87 148 ] 668 87 15.17 % 1037 318 1968 59 1050 116 2000
33 5.50 88 t15.00 N 683 88 1504 80 1034 117 1983 50 1066 117 20.17
32 686 89 18.17 32 600 B9 1850 8t 1050 138 20.00 61 1083 118 2034
L] 583 90 1534 k<] 817 90 1566 62 1066 119 2017 62 1100 119 20350
" 800 9 1550 M 834 91 1583 €3 1083 120 2034 83 M7 120 2068
33 8.1? 92 1868 3 650 97 1600 84 L0 (7 Y )
3 43¢ 983 1583 38 868 953 1817

Semiperimetsr s the swm of the two sdiscant ndes. Fov sxsmple: A duct 4™ x 6 has a sami-perimeter of 10 inchet

UCC 003085



APPLICATOR TRAINING

APPENDIX
PAGE 480

APRIL 1970

OHENICALS AD PLASTICY

STANDARD

UNION
CARBIDE

APPENDIX

CEMENT IN POUNDS

REQUIRED TO INSTUTATE SCREWED OR WELDED FITTINGS

v — — i 1 I s o [ ] wadbudued ——) anclll et

TROSSES

B
.Comm. H.T.Cem. Asb.Cem. Mog.Cem. H.T.Cem. Ash.Cem.

VALVES AND TEES

5%

45 elld

85%

Mog.Cem. H.T.Cem. Asb.Cem. Mag.Cem. H.7.Cem. Asb.Cem. Mag

90 Bl
B .

i3

Size

YREGIBIREIVREIBRRERR

112345790l35845nw““

— = e pem = N

233Q03BRABHBBREKIAIRAG

AR NNTOTVNG IR N Y 0@

-— e =

BIG3XAHEERIRS

- o~ O
...... 23%38%3
Ill2223346659l2

Lk i SRR L

— - — =

HYER458NYBR

SRY838R

IL12334456891357

-~ —p— -

.

833358923333 0928208

. "‘22233456390\

833868588388 38888

1'2233‘557992468

- - -

.21

AHR3R2LLYN2YNILINR

I]llzzas‘seé

23323392 NIZRE88RIZZS

T i T - PPN 2&“

-

YRIILRYINYLRALIRRASG

.29

A2338BINBIANYLIZNIIY

em e NNNNM TN ON OO

The above quantities are opproximate for estimating purposes.
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TABLE OF GAUGES AND WEIGHTS FOR
WIRE, BANDS AND FLAT SHEET METAL
. DIAMETER OR LINEAR FOOT

MATERIAL GAUGE THICKNESS PER POUND
Galvoanized or B,A. Wire wWaM

12 Gauge WwWaMm 0.1055* Dia. 33.30

14 Gauge WaM 0.0800" Dia. 58.62

16 Gouge wam 0.0625* Dia. 95.23

18 Gouge WaM 0.0475" Dia. 166.64

Soft Copper Wire B&S

12 Gouge aa&s 0.0808" Dia. 52.63

14 Gauge B&S 0.0540" Dia. 83.33

18 Gauge 8&S 0.0508* Dio. 142.85

18 Gouge 8&S 0.0403* Dia, 250.00
Gaivonizad Stesl Bonds

1/2" Wida —_ 015" thic. 39.26

1/2" Wide — .020" thk. 29.45

3/4° Wide —— 020" thk. 19.43

1-1/4* Wide — 035" rhk. 6.73

Stuinlexs Steel Bonds
18~8 Chrome

1/2* Wida —— Q15" thk, 39.2%

1/2 Wide — .020” thk, 29.45

3/4" Wide B — 015" thk. 26.18

/4" Wide ——- 020" thk. 19.483

WEIGHT IN LBS,

MATERIAL GAUGES THICKNESS PER SQ. FT,
Floy Black Shest Matal

18 Gouge U.5. Stondord a5 2.00

20 Gouge U.S. Stondord 0375 1.5

22 Gouge U.S. Stondord .03125% 1.25

24 Gouge U.S. Stondard 025" 1.00

26 Gauge U.S. Stondard .otg75" 0.75

28 Gouge U.S. Stondord .015425" 0.625

X0 Gaugs U.S. Standard .oras~ 0.50
Flat Galvanized Shest Mol

18 Geuge U.S. Standard .0540™ 2,153

20 Gouge U.S. Stondard L0415" 1.6553

22 Gouge \J.S. Standard 03525 1.4063

24 Gouge ‘U.S. Srondard .o290" 1.1563

26 Gouge U.S. Standord .02275" 9063

28 Gouge ‘U.S. Standord 019425~ 7813

30 Gouge U.S. Standard .0165" 6563
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Accessories
weather-vopor borrierns, of,
Abmasion resistance
Trsulation materiols,
jocksts,
mastics,
Absorption, water,
Adhesion
cements,
mastics
Adhesives for fobrication,
Alkolinity
Alumino-silica blonket, properties,
Alumino-silica cements, properties,
Alumina-silica fibers, loase, properties,
Aluminum fail and gloss material, vacuvum propertiss,
Appeorance
jackets,
Apgplication,
flexible insulation,
panel insulation,
reflective imulation,
rigid insulotion, high temperature service,
rigid imulotion, low temperoture setvice

semi-rigid insulotion, moderote temperoture service

sproyed asbestos,

sprayed urethana foom,
Application specifications, toble

asbestos fiber,

biruminous Fill,

calcium silicate,

cellular glass,

chart

conduit cosed,

cork filled mostic,

expanded silica,

fibrous glass,

plestic foom,

reflective,

sproyed osbestos,

sproyed ursthone,

toble

vrethane foom,
Aroos

bare fitting arecs,

bare pipe areas,

cylinders,

insulation fitting covers,

pipe imuletion,

sphares

tonks &vesrels
Asbestos ond binding clay cements, proparties,
Asbestos broided cloth with glass fibers, properties,
Asbestosis, definition of,
Asbestos fiber blankat, properties,
Asbastos fibers, lome, properties,
Asbestos fiber rigid insulotion, properties,
Asbestos fiber, sproyed in place, properties,
Asphoit rollers,
Autogeneous ignition

See fire self ignition or combustibility

Band sows (for fabricetion),
Bituminuous~cork filled mastic, properties,
Blueprint reading course

definition of,
Boiling,
definition,
Breoking strength,
British thermal unit (Beu)
definition
Build

magics

PAGE
no

106
9?5
73
78

78
108
m

73

81

82

83

85

94

3i8

324

33

274

288

n

345

355

143

133

140
136,138
131,132
144 thru 151
137,140
4
136,138
133,134,135
133

138

141

142

143
132,140

466
45)
464
457 they 479
457
465
462,463
82
-1}
418
81
83
80
84
205

Bums
protection from,

Calcium silico coments, proterties,
Calclum silicate rigid insulation properties,
Capillority,
Carbon-silica=vecuum, properties,
Cellulor gloss insulation proparties,
Cament coverage on fittings,
Coments for fobrication,
Coramics fiber ond binders, sprayed in ploce, properties,
Color
mastics,
Combustiblliry
Fire point
jockets,
mostics,
Fire self-ignition point
jackets,
mastics,
Floma travel,
jockets,
mastics,
Flammability,
iockets,
mastics,
Flash point
jockets,
mastics
Commericol insulation,
Compressive strength,
Conduction or conductivity
alr spaces
definition,
jockets,
significance,
units,
various moteriols
Consigency
mastics
Convection
definition
Conversion loctors, temperoture
Cornrosion
mastics,
tnsulation,
Cost entimoting
Soe estimating installed cost,

Coverage
mastics,
Coverage, cement on fittings,
Coverings,
Cracking (hot surfoce),
Cryogenic-vacvum inssiations, properties,
Cushion blonket
visd with rigid insulation,
Cutting choracteristics
jackets, definition,

Dersity,
Dewpoint tempercivre
surfoce cendensation table,
Diotomoceovs eorth rigid insulotion propertiss,
Diat s silica , propertias,
fat sillca posders, properties,
Diatomaceous silica rigid insvlations, propesties,
Diffusivity, thermol,
field cut albows,
shop fabricoted coven,
pipe insulation
tube insulotion
Dimsnaional sability,

UCC 003088
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82
80
73
83
80
480
21
84

17
73

98
103

98
103

87
108

96
104

96
100
5t
76

49
34,36
9?5

- 77

42
437,442

102
36
434,435

102
74

151,165,
166,172-
175, 178,182
102
480

n3

74

85
76,282

94

74

450, 451 .
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PAGE _— PAGE
Dm'.ng . Field falrication
course, 1 eibows, 221
inte~~etotion, 1 mitered blocks, 220
Des raintonce, 70 Field instoliation of preformed fitting covers, rif
Dryira or curing time Fire point
maatics, 13 jockets, 96
Ductility mastics, 18
lockets, definition, 95 Fire, proteciion from 412,426
Dust collecrors hondling of combustible coatings and solvents A7
(for fobrication shop), 205 Fira—self Ignition point
Duating, 70 jockats, 96
Dust hazords mastics, 18
sofe practices First aid, 416
insulation containing asbestos, 418 Fitings, fabricotion of 185 thew 191
warehousing storoge ond handling, 418,420 dimension of , 191,192
fabrication of imsulation, 419 Flome resistonce
application of imsulation, 419,421,422 jockets,
insulation contoining mineral fibers, 424 Flome travet
warshousing, storoge and hondling, 424 See combustibility,
opplicotion of insulation, 426 Flamenability
Sse combustibility,
Economics 52 Flash point
for most exonomic thickness, 55,57 jockets, 96
Economic insulation thicknass mastics, 163
mample, 60,61,62,63 Flaxible insulation
application 318 theu 323
Electric shock, protection from, 413 moderate lemperature service, 318
Elongation Flaxure
insulation 75 mastics, 108
mastics 17 Flexwol strength, 78
Embrittiament Forms of thermal insulation 65
low temperoture jockets, 98 biankets ond batts, 86
Emittance cloth, 68
jockers, 95 feits, &6
Flexible, 66
loosa, 66
Equipment insulation tigid, 66
opplication rops, &6
© flexible insulation, 318 thru 323 semi-rigid, [.]
meanxing of, 165 tape, ]
pane! insulation, 324 thru 355 Freeze-thaw resistance
reflective imuiction, 338 thru mostics, 104
rigid-high remperature, Zdtheo T Gap filling and bridging
rigid-low temperature, 288 thry 310 mastics, 104
somi—rigid moderate temperature, 3t thry Gos stote, 33
sproyed asbestos, 345 thro 354 Gauges ond weights of wire bands and ile:* .hoet, 481
sprayed urethans foom, 355 thre 3466
Equipment metal jockets, 380
Estimating installed cost 161 thev 184
oreas for estimotes, 172
components, 145
estimate sheet, 173,174 Glass—ceilulor, properties, 80
indirect cost, 182 Glass-cellulor pellar, properties, 83
needed information, 162 Glass fiber ond binders, propertiss, 80
quantity survey, 166 Glens fiber blonkets, properties, 81
toke off, 185 Glos fiber rigid insulations, properties, 80
types of usoge 161 Glamn fiber,
Evoporotion bonded properties, 83
definition, 3 unbonded properties, 8
Expansion-contraction joints Gronuior insulation
weather ~barriers, 4 celcium silicate, 80
Expansion chomber underground Insulation, 389 diatomaceous sorth, 80
Expansion coefficient 70,75,118 exponded silica, 80
metals, table, iz open ceil plastics, 81
matals, verious 435 vegoetable cork, 83
Grinders (for fobeication), 199
Fibrous insulation Gypsum pellets, properties, 83
cattle hair, 65,311
glams fibers, 65,311
lime or silica fiber, 65,311
refroctory fibers, 45
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Hond tools ~ see tools,
Hardness
insulotion,
jockets,
Health - ses wfaty ond health
health problems,
Heat
british therma!} unit (bru},
conduction,
convection,
definition,
offect, of
energy,
internal,
kinetic,
potential,
rodiation,
trarsfer,
transfer, rasiriction of,
units of water
work,
Heat stobility
jockets,
Heat tracers - see trocer systems,
Heat transfer through insulation
basic formule - equation i,
example: theough one imulation and one air film,
through one {nsulotion - equation 2,
through one insutotion ~ equotion 4,
Heat units for woter, teble,
Migh conductive cements
caveroge for valves,
coveroge on stroigh! pipe,
oe racer systems,
tables of types of cements,
types of cement,
High temperoture service
pane! imulation opplication,
instaltation,
supports,
surface preporation,
raflective insulation
aquipmant,
piping,
supports,
surface preparation,
rigid insulation application,
equipment,
cushion blonket,
piping,
supports,
surfoce preporation,
sproyed asbestor insulotion
equipment,
wpports,
surface preparation,
underground systems
field applied rigid insvlotion,
metal conduit,
p.v.c. conduit ~ wethane,
History of insulotion industry
asbestos and mognesia,
eelivlor glass,
cork,
cryogenic,
diatomaceous silica,
expanded jilico,
glass fiber,
metal reflective,
mineral wool
polystyrene,
polywrethone,
structural imulating board

PAGE

Foauynd & 33
AALLLLLEEELL IR

g nb&®

40
46
4
“
445
20

249
243 -

252
20

324 thrv 355
ky/4
324
37
336 thru 344
3%
339
336
3%
74 thry 287
T4
74
6
¢
76
345 thru 354
345
345
345
386 thry 407
388
397
394

1

INDEX

Hydroscopicity,

jmpoct strength
jockets,
masties,

Industriol insulotion, purpose of, )
application of (see application specification),
cryogenic,
hot temperoture service,
jow tempercturs service,
moderate temperature service
salection of (s0e selection of insulation},

- table of properties,
fracing systems,

Installotion requiremants,
chemicol,
fire safety,
physical
moisture,
thermal ,

Insulotion dimensions,
mutti-leyer tables,

Nps pipe,

outside diometers

surfacs oreas,

tube,

volume,
insulation fitting covers area,
Imulasion schedules

typicot,

imulotion supports ond secu
soe supparls, securement,

Imulotion (thermai)
opplication of, see oppiication specifications,
commercial,
econamlcs,
fiexible insulations,
industrial ,

cryogenic,
hot temperature,
low temperoture ,
moderote temperoture,
trocing systems,
physical ond thermal properties,
properties of,
purpose of,
rigid insulation,
wlection of {see selection of insulation),
types and forms,

Jockets
fel?, plastic composition, meral,

Ladders,
Lampbiock powder,
properties,
Liquid stote,
Low temperature service,
rigid insulotion application,
equipment,
cushion blonke?,
piping,
supports,
surface preparation,

g cor tos fiber, properties,
Magnetia carbonate cements, properties,
Moss insulotion,
Maostic weather-borrier

(see weother-barriar mastics),

application of,

AA. H b 4, 0
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52
s
53

80 thry 85
54-5, 251
116
125
116
W
126
nz

45,460
481

453 thry 456
AS7

455

458

487 they 49

183

rBoREReShe

80 thru 85
80 theu 85
5)

51

65

86 thru 101
407,410

83
33

288 thry 310
292

25

304

292,304

92

83
82
65
86 they 115

367 theu 385
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Mathematics
cylinden, ares &volume
spheres, ores &volume

Melting
definition,
Melting point
jocksts, )
Maetal conduit underground system,
Matal jocket weather-barrier
Instatiotion on squipment,
Installation on piping,
matetiols required,
preparation,

M3 I fiber and bind t, proparties,
Mineral fibers and binders, sprayed in ploce, properties,
Mineral fiber blankets, properties,
Minerol fibers, loose, properties,
nodules, properties,
Mineral fibers rigid insulation, properties,
Moderote temperature service
faxible insulation application,
equipment - application,
piping - application,
surface preporation,
panal imsulotion - equipment oaly,
equipment = opplication,
supports,
surface preparation,
reflective insuvlation,
equipment - application,
piping - application,
supporhy,
surfoce preparation,
semi-rigid insulation cpplication,
equipmant - applicotion,
piping - application,
suppor's,
surface preporation,
sprayed ursthane foam,
surface preparation,
Mold and mildew resistonce
mastics,

Noise, protection from,
NPS pipe table,

Odor
maostics,
Ovaercootings,

Panel imulation
application,
d: and high temperalure service,
Peelite - glass Fibers rigld insuiation, properties,
< Porlite, spheres, lcote, properties,
Perlite - vocuum, properties,
Physical properties of thermal insuiction,
tebles,
Pipe imvlation
opplication,
flexible - moderate temperature,
measuwring of, ’
reflective = moderate and high temparature,
rigid = high temperature,
rigid - low temperaturs,
semi-rigid - moderate temperoturs,

INDEX
PAGE Pipe insulation dimensions,
464 multi layer rables,
465 Nps nominol {(Astm C-521),
oufside diameter,
obsolete,
fitting covers
3 surface oreas,
volumes,
9% Pipe insslorion metal jockets,
297 Pips, NPS
380 thry 385 circumferance, tempercture orea,
380, thru 363 saternal surface ares, length,
383,384 fitting orea
380 per cu ft,
380 tabie of diameters, thickness,
Pipe tracer systems,
82 Polystyrene calluiar flexible foom, properties,
84 Polystyrene, rigid properties,
81 Polyurethane, rigid insulation praperties,
83 Polyurethona (2 part mix) sproyed In pioce, properties,
83 Polyvinyl acstate and cork mostic, proparties,
80 Powar tools - see tools,
Preparation, generol
318 thrv 322 masking,
318 materials,
320 scaffolding,
318 supports,
324 thru 355 surface preparation,
324 tracer systems (see tracer systems),
324 Protection from
320 burrs,
33% thrv 344 chemicals and solvents,
33% cuts,
339 eleciric shocks,
33 eye injuries,
334 folling objects,
311 thru 317 fire,
31 high p @ spray equipment,
31s moving equipment,
an noiss,
3n shavp profectiors,
345 thur 354 Punchare resistonce
345 jockets,
P.V.C. underground conduit system,
108 Pycnometer dota
dew point temperotures,
413 surfoce condensation table,
441 vapor prewure fables,
Rodiation
definition,
108,114,115 Reactive chemicols
fist of,
Reflectance - thermal
jackeats,
gg: ::;: gg Reflection foctor, light
80 jockets,
83 Reflective insulation
85 application of,
(moderate and high temperature sarvice)
basie formula,
80 theu 85 Reflective, preformed, properties,
Refroctory - cellular foam, properties,
320 Resistonce to acids, caustics, solvents,
165 insulations,
) jockets,
76
304
315

UCC 003091
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453 thry 456
185
467 thry €9
457
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384,385
461
461
461
456
461
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81
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251
2
a5t
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252
252

412
412
45
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415
412
418
416
413
415

$0,450
45
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Rigid insulation
application
high temperature service,
iow temperatura sarvice,
underground systems,
Rubber resin flaxible foam, propesties,
Rubber resin rigid foom, properties,

Safety and health

burrs, protection from,

chamicals and solvents from,

cuts,

definition,

falling objects, protection from,

fires and explosion hazords,

fires, protection from,

first ald, report of accidents,

health problems

dust (see dust hazards),
spray (urethane),

high pressure spray squipment,

lodders, use of

leak indicetars,

moving equipment, protection from,

noise,

safely regulations,

scoffolds, use of,

shorp projections, protection from,
Sontocel - vacuum, properties,
Santocel - vacvum, opacified, properties,
Saturation

definition,
Scaffolding

general,

vse of,
Securements

odhesive,

pins ond ctips,

sirop,

wire, -
Selection of imsulation systems

to fulfill requirements,
Semi-rigid insulotion

application

moderate and high temperature sarvice,

Sheor strength
frsulation,
jockets,
Shop fabrication
design of Fitting and vessel,
insulation covers,
practice,
adhesives and cements,
equipment,
band saws,
grinders,
asphalt roliers,
field installations
Sheinkage,
frsulation,
mastics,
Silica aerge! granules, properties,
Silica fibers, properties,
Sizing and secling
mastics,
Solid state
definition,
Solvent absorption,
Specifications
interpretation of,

PAGE

274 thry 287
288 thrv 310
386 thrv 407
81
80

412
412
415

415
424
42
416
417
418
417
416
409
429
416
41
408
41
415

85

85

4

411
Mm
244 thrv 250
240

224,240,244
224,244
249

128 thry 151

311 thre 317

77
9%

185 thre 219

191 thr 199

191, 207 theo 210
193

21

160, 193

193

199

160

220,221,222

76
104
83
83

105

33
76

1

INDEX

Specific gravity,

Specific heot 1oble,

Spray applicotion
instruction shests,
mastics weother barrier,
sofe use of,
spray equipment,

Spray equipment - see tools
asbestos

foom,

mastics ond paint,

wfe use of,

Sprayed ombestos insulotion
opplication,
operation of spray machine,

connaction of machine,
finish,
party of,
safe proctices,

sproying,
Sproyed urethane foam insulation
opplication
oparation of mochine,
surface preparation,
State of substances
charge of,
gos,
liquid,
solid,
Staom tobles
whuroted,
superheated,
Storage stability
mastics,
Strop,
Strength, insulaticn
brecking,
compressive,
flaxural,
shear,
tensile,
Supports
angle-supports,

generat,
ponel insulation,
reflective insulation,
rigid insulation,
semi-rigid,
stondords,
Surfoce arecs (see oreas),
Surfoce preparation
- for hracers,
general,
high temperoture sarvics,
low temperonyre service
moderate temperature service,
Surfoce wetting and odhesion

mastics,

Topes,
Temperature
conversion dable,
definition,
scales,
colsivs (centigrade),
fahrenhei?,
kelvin,
rankine,

table,
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367 thre 278
371 thro 377
101,376

224
331
338
324 thry 240

225 thru 231

255
252
345
2?2
311,318,334

105

m
31,434,435
2%

31,434,435
31,434,435
31,434,435
31,434,435
31,434,435
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Temperature limits Underground insulated piping 386 they 407
insulation, n,nm conduit systems
jockens, 100 maetal conduit, 397 they 404
mastics, 19 urethane foam - pvg conduit, 194 thry 7
Temperature and humidity rangs fisld opplied cellular glans 386 thru 394
opplication Yol - mestica, 105 expansion chombers, 389
Temperature rise installation in mench, 387
(salf internal heating), n” preparation, 386
Tensile strength, 77 straight pipe, 288
Thermal conductivity 77
alr space AQ Urethane foam underground conduit system, 394 they 404
definition, 41,42
significonces, 77 Vacuum = cryogenic insulation, properties, 85
units, 42 Vopor
Thermal diffusivity, 77 vapor migration, 87
Tharma) axponsion of metals, 110,212,122 vapor pressure, 87
table, 436 Vaopor barriers, 87
Tharmal insulation &5 dsfinition, 87
clomes of, 65 function, 87
moss, 65,66 requirements (sarvice), 9
reflsctive, &7 Vapor migration
tables of properties, B0 thru 85 sees water vapor permeability, 452
Thermal properties of insulation 80 theu 85 Vapor pressure
of vorious materiol, table, 437 they 443 definition, 87,88
Thermal resistonce 39,40,4 tables, 89, 449
squation 3, 40 Varmiculites and bind t, propertiag, 82
Thetmal shock resistance Vemmiculite flokes, properties, 83
insulation, 71,77 Vibration resistance, 78
jockets, 100 Vinyl chioride foom, properties, 80
Tools Valumes
hand, 152 thry 160 NPS pipe insulation, 458
cutting, 123
fastening, 154 Woreshousing
finishing, 154 safe handling of insulation, 48
guiding, — 15 Worpage, 78
hammes , / 154 Water,
holding,- 153 offect on conductivity, Bé&
morking, 152 heat units of, table, 444
’/'m/ecsuring, 153 Water chsorption, 78
“ powaer tools, 160 Woter resistance 10
" shop, 160 jackets, 106
field, 140 Woter vapor permeability,
tequire, 152 jockets, 101
spraying mastics, 10
ashestos, k7] vorious moterials, 452
foam, 356 Weather-barriers
mastics and points, 70 opplication, of, %7
Taxicity dscoration, 94
duting applicotion, 106 fire protection, 86
Teacer systems function, 91
air convection systems, 255 mechenical protection,
equipment 22 properties,
irstollation, 255 jockets, 24 thru 101
surfoce preporation, 253 mostics, 103 thru 109
heat pips transfer comented 255 requirements (service), ?1
inatallation, 260 types of, m
weoather protection, 94
wurfoce preparation, 255 Wearther~barriers, opplication of, 367 thru
types of cements 260 expansion conlvraction joint, 78
types, 254 flashing, 78
- Training metal {ockets, 380
opplicators, 2 preperation, 37
phozes, 2 sproyed mastics, 0
progroms, 1 instruction sheets, 71 they 375
shopmen, 4 troweled or palmed mashic, 368
Troweled (or pol med) opplications Weather—vapor borrier occessories
weather-barrier mestics, 367 achesions, sealers, erc., 113,367,380
Tube imsulotion dimensions, 456 Weather resistonce
Types of thermal imsulation jocke?s, 101
celtvlor, &5 mastics, o9
fibrous, 65 Welding
floke sofe practice,
otcnurw, :i Wark e 27
orgonization of, 3
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