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walt Pickthall was asked to prepare an artlicle on Vermlcullte
Flreproofing for the Western Plasterer magazine. Attached Is
a copy of his article which should prove educational for all -
of us. i - - Cordl

Walt Pickthall's new title Is '"Doctor Of History' akd he is now
the official historian for the Pacific Region,
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T 5
VERMICULITE FIREPROOF ING:. -

.'*-ffjj _ Past and Present .

The oié prospector poked sieepily at the remains of ;he
previous evening's fire. He had banked it carefully and here and
there tongues of flame flickered in the hot bed of coals. As
the first rays of sunlight shot down from the ridge to the east
his eye caught the glint of gold in the bankings he had used.

His disappointment was considerable when he discovered that
what at first appeared to be pea sized nuggets of thé prgcidus—
metal were only granules of an almost wejghtlesg\lgmfnaéqd

golden mineral.

Whether this or otﬁer equally plausible'stdriéﬁdof the
: T U Lo
discovery are the real truth is relatively unimportant but this. -
one serves well to;point up the principal physical properties

. t - -
of the mineral vermiculite and the industry which developed from

its discovery.
The time would have been shortly after t&e end‘of wWorld War

I. The place, the Rock} Mountain area in Montana near the

Canadian border. Preseﬁt day maps show the site as Libby, Montana,

‘where the townspeople will tell you with unabashed pride that

they have the largest vermiculite deposit and mining operation

in the world and that the nearly seven million dollars Zonolite

is presently spending on new facilities will triple the capacity

of the operation by 1974.
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some f!f ’Aﬁiyears ago the presence of the small brown mica-

1ike flakes in the earth he used probably went unnoticed.
Certainly he would have had no way of knowing that these flakes
were composed of microscopically thin laminates, between which

" were entrapped water cells. As the flakes grew hot frqm contact -
-with the coals the water cells turned to steam forcing the
laminates to separate. At the same time oxidization was, occurring.
‘ and the color changed from dark brown to a hlghl( reflective gold

.The result was a granu!ar material roughly ten times theﬂorig[nal

, %

AL

e cwr

| size impervious to furﬁ and an excellent |nsu!aton.g e
i R
Early marketung of the ‘new discovery concentrated~onmthe I e“

.le»__

insulation fueld ‘High resnstance to fire, permanence, lfghtwelght S

2 1'

and ease of Installatuoq found ready acceptance in the market.p!ace.i
The remarkable ability to ship ore in concentrated form and expand

it at stnategically Ioc;ted plants made the new product an eccnomic
success from the start. "

It was World War Il however, that gave the fledgling business
entree to the Cbnstructﬁon industry and the uses which are so common
today. : !' .

The first major job was the Mercantile National Bank Building
in Dallas, Texas. As was common practice the steel was to have

been encased in Concrete for fire protection. At the last minute

however the government cut the steel tonnage allocation and it was
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eliminate the dead load factor of the concrete. A fire test of

vermicul ite-portland cement was run at the National Bureau of

Standards and passed. The steel was redesigned and the project
was built with the same usable space, but with only 2/3 of the
steel required in the original design. » _
The high fire resistance of the vermiculite-portland cement
combination came to the attention of the mtlttary andwath the - .
impending threat of bomb|ng attacks on ourlnitlgirg’lnstallattons

—,.~

thousands of cubic yards were poured on.roofs ‘of dafanse facil ﬁj;q%?;

&!‘-‘ - ;':;, N T

The Pentagon Building alone required 275 car!oads of" expanded e
i e qa-n%f,_ g :-‘F.’:_-.“{f\..{;:'_

vermiculite to complete the installation. »3'“‘“ ?jF i

' ’ : _,»
The use of vermlculite concrete has contlnued to grau anc nek

today a national group of over 100 Certified Roof Deck Appltcators

I

pour an estimated million square feet of insulating

i
concréte 3hnually. A wide range of systems is available for
: l
installation over structural concrete or steel decks providing
high insulation values, permanence, proper drainage and maximum
l .
| ,
The end of World War || was marked by an immediate revival

fire resistance.

of the private sector of the Construction Industry. All materials
were in short supply and steel was one of the most critical. |If
the needs of the country were to be met Architects® and Engineers:

were going to have to utilize every ton to the maximum. Again

-
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and a number of assemblies had suceessfully passed Fire Tests at
Underwriters' Laboratories. VGypsuﬁ had replaced portland cement
as the binder with resulting reduction in thickness requirements
and applicatfon time, |

The West Coast led the way'in acceptance of the new concept.
Two major projects in Los Angeles, the Richfield 0il Building and
'the Prudential Insurance Building amazed old timers in the |
construction field with maJor reductions in stee\ tonnage and .- .
completlon schedule, '

Metal lath and vermiculite gypsum plaster for columns and:

vermicul i te plaster suspended ceilings had permanently replaced ‘ J;‘;
the old slow cumbersome and expenstve procedure of erecting wood i
forms around every member of the steel frame and then ted!ousTy
filling each form with concrete.

Metaf lath and pfaster fire protection continued as the standard
through the rest'of theth's and into the mid fifties. Other forces
were at work however whfch were destined to replace the new concept
by the end of that decade. .

In England laboratory work was being done with directly applied
asbestos fiber encasemept of structural steel. Reports reaching
the United States indicated that the method had considerable promise.
Not to be outdone by their European counterparts work was started

on direct application of vermiculite.
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'lﬁtroaiction and widespread use of the plaster pump accelerated

interest In the idea and in 1958 the first formulations were ready
for testing.

O0ld timers in the plastering business will recall that one

-r

of the major breakthroughs in membrane fireproofing was a vermiculite

acoustical plaster ceiling. The system had passed the fire test
with a b hour rating and gave the plastering industry its first
fire rated acoustical ceiling.

The basic formula for that acousticalplastﬁr ;és modified
-and became the first vermiculite based material to pass the fige

i

test for direct application on steel, g

The new system was readily accepted by the_desfgn professfon.

Heating, air condigioning and lighting of major structures had
become exceedingly cbmpfex and the necessity to maiﬁtain the
integrity of membrane fire resistant ceilings made proper design
even more difficult. The new fireproofing system,because it
was dfrectly on the steel and out of the way, provided compiete
flexibility and a much wider choice in finished ceilings. |

It was obvious too,:that the new approach was faster and more
economical than metal lath and plaster. Elimi&ation of the time
and expense of lathing accounted for most of the savings.

A number of West Coast buildings were fire protected with the
new system during the next few years. Among the first were the
Zellerbach Building in San Francisco, a California State Office

Building in Oakland and another in.Los Angeles,
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Th;'niﬁﬁmiteriél was difficult to handle in the field.
lmprovemeni fn application and reduction in thickness was needed.
MONO-KOTE® fireproofing was the result, and it became the
Vermiculite Industry standard.

In 1962 rumblings were heard of a possible health hazard
in the use of directly applied fireproofing materials, which
contained asbestos. The percentage of asbestos in the MONO-KOTE
fireproofing formulation was low and it was not believed that fts
use constituted a health'hazard. To confirm this belief & job
site air sampling was done on projects in all pafts of the country.

-

The studies showed thatvbecause MONO-KOTE was low in asbestos ;
content and was premixed with water and applied in a wet statéﬁ

the asbestos partiéulate matter at job sites was well below
government established Threshold Limtg Values.

The consistent clamor of the Environmentalists continued and
it was decided that an asbestos free product was advisable.

MONO- KOTE ® Type IV Asbestos Free Fireproofing was fire tested
in 1971 and is now available for use when required.

While the asbestosicontroversy was raging a more subdued
change but one wifh far'greater effects on the industry was slowly
working its way through;the E5 Committee of the American Society
for Testing Materials. This Committee is responsible for writing
the test procedure to determine the Fire Resistanée provided by
building materials and construction assemblies., The tesft procedure

in use-until January 1, 1972, had been adopted originally in 1908.

It is designated as ASTM Test Method E-119.
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of this 'pmrcular test.

Assemblies were not performing in Fire jests in the manner

indicated by the known performance characteristics of the materials.
It is known that the tensile strength of steel falls off sharply

. at temperatures between 1000° - F. and 1200° F. " Contrary to this,
steel beams were passing the fire tests with temperatures’which
sometimes reached 1800° F. to 2000° F. Fire tests are conducted

" in a massive reinforced concrete cell which resl{ts thefgipansfon n
of the specimen as the temperatures rise.  The fbrees dhveIOpe ’iﬁ;
puts the assembly in compressnon with a resulee?E ige::;ee in ts»ﬁk
1oad carrying capacity. Fallure only occurs then at temperatures yf

exceeding those which would cause failure in-an actua[abulrdlngg

l

fire where the renaunung forces are not present.- fgff??
Several years ago San Francisco, Los Angeles and—Unlfonn
Bufldlng Code officials yecognlzed this deficiency in the fire
test brocedure and had established their own criteria for acceptance
based solely on tempera{ure. Failure point was established at
1000° F. average at.any:quarter section or 1200° F. at any single
- point.‘ M ?
The ASTM E-5 Committee worked for 10 years trying to develop
a new test but it wasn't until 1970 that a compromise solution was
finally reached.

The revisions are complicated and confusing and there are those

who believe that the problem has been compoundedrather than solved.
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In ltiLsfﬁpTest form the new fire test provldee for two - -
ratings RESTRAINED and UNRESTRAINED. Under its provisions
Aportions of a building can be consfdered restrained while other
portions of the same building could be unrestrained.

Temperature limitations have been established for all beams
‘and floor assemblies but a time factor has been introduced whieh
.provides that in the testing of beams in the restratned condition
the temperature of the steel shall not exceed 1100° F. average

Cen

or 1300o F. maximum at any point for at least one hour or for

1

one half of the classlfccatcon period. A Restralned*beam the

could be rated at 4 hours if it sustained lts deslgn load for_ g
L hours and the Iumitlng temperatures were not exceeded»for Z_hours; .
In the case of Unrestrained beams the temperature.llmttattons
cannot be exceeded durlng the entire classufication period Y
4 hour Unrestrained beam then would have to be protected with suf-
ficient material to preJent a temperature rise exceeding the 1100° f
average or !3090 F. maximun at any point for the full 4 hours.
Obviously the Unreetrained beam- requirements are much more
severe, and except for % 100° difference in temperature are similar
to the present San Franeisco, Los Angeles and the Uniform Building
Code requirements.
Floor and Roof Assembly Tests have also been revised. They
must be fully loaded and carry the load for the full time period.

Temperature transmission through the floor or roof cannot exceed

250° F. average or more than 325° F. at any point. Cotton waste
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_ portion of the test procedure has not been chahged?i xfﬁ;
but a new element has been added. .The beam supporting the floor
or roof assembly 'is now considered an integral part of the assembly.'
The.requirements for the beams in restrained or unrestrained floors -
~or roofs is identical to those outlined previously for beams oniy.

In unrestrained floors or roofs one other provision has been “j

ﬂ:added The temperature of the steel from which the deck Is
'*,cannot exceed IIOO° F. durlng the entlre classnflcatlon perio

& .
Column tests have not been changed. Fallure.ls based‘o

- v

‘litemperature and occurs when temperatures exceed.lOOOP;F, t ai

Dol . Pt
'ﬁ:_quarter section of the member or 1200° F. at ang,sfng!

both steel and concrete constructlonu

t 3

The whole test procedure has been further compl!cated* Y;”? Iq;e s

T Al

of the E-§ Committee to define RESTRAINT in realistic terms.. it ' ,;
reads.és follows "Floor and Roof Assemblies and individual beams |
in buildings shall be censidered restrained when the surrounding

or supporting structure%is capable of resisting substantial thermal
expansfon throughout the range of anticipated elevated temperatures.
Constructions not complying with this definition are assuned to be

free to rotate and expand and shall, therefore, be considered as

unrestrained,"



. _purposes rejected the “RESTRA!NED" criteria and wilr use the more
: f practicai "UNRESTRA INED" condition.,e ‘.w;; e

only the structurai engineer who designed the buniding can
determine what is restrained or unrestrained. There are even
those who insist that such a determination cannot be made
realistically; that fire loading changes in structures and yho
can say what is."substantnai thermal expansion' or "anticipated

elevated temperatures" It is this group who have for practical

The next few years will be difficuit and risky for everyo‘?wggg_#

y v g AR & W
- concerned but it will be particulariy so-for those who are biddingz~
and are do:ng the fueld appiication. : .iﬁ@; \géi" o

There |s reason to beiieve that there utit notfbe i;reement
'among Code Authorities on the subject.. Some wiil adopt the new
criteria others will reJect |t. There'wiii be varying time
schedules for adoption or rejection even by coomunities operating
under the same basic code, ) ’

Extreme caution plos reliance on qualified material manufacturers
representatives will be necessary until some of the unresolved issues

l
are settled.
:
!
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The old prospector poked sleepily at the remains of ;he
previous evening's fire. He had banked it carefully and here and
there tongues of flame flickered in the hot bed of coals. As

_ the first rays of sunlight shot down from the ridge to the east
his eye caught the glint of gold in the bankings he had used.
His disappointment was considerable when he discovered that
what at first appeared to be pea sized nuggets of the preclous‘

" metal were only granules of an almost wevghtlesé‘lamfnated

‘golden mineral.

Whether this or other equally plausible stories of the |

- ke g

discovery are the real truth is relatlvely unlmportant but thfs«
one serves well to pount up the principal physical properties

”of the mineral vermlculcte and the cndustry which deveIOped fn:w

1
s
.

its discovery.
The time would have been shortly after tﬁe end‘of World War

I. The place, the Rock9 Mountain area in Montana near the

Canadian border. Present day maps show the site as Libby, Montana,

where the townspeople will tell you with unabashed pride that

they have the largest vermiculite deposit and mining operation

in the world and that the nearly seven million dollars Zonolite

is presently spending on new facilities will triple the capacity

of the operation by 1974,
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some fi - {?3i¥geas!ago;the,areaence of the small brown mica-

like flakes in the earth he used probably went unnoticed.

Certainly he would have had no way of knowing that these flakes

were composed of microscopically thin laminates, between which
" were en;rapped water cells. As the flakes grew hot frcm contact -

. with the coals the water cells turnec'to steam forcing the
"lamlnates to seaarate. At the same time oxtdlzatson was occurrcngA‘

'”ana'the color changed from dark brown to a hlghl re?lectlve gold

:islze impervious to firﬂ and an excellenc snsuletop“.
Early marketing of the ‘new discovery concentreteé Olk‘,tl';‘;; om
insulation fleld ‘High reslstance to fire, permanenc&h ltghtuetght
_and ease of :nstallatnoq found ready acceptance in the marke:.place;
The remarkable ability to ship ore in concentrated fonn»and'expand
it at strategucally located plants made the new product an economic
success from the start.

It was World War || however, that gave the fledgling business

entree to the Construction Industry and the uses which are so common

today.

The first major job was the Mercantile National Bank Building
in Dallas, Texas. As was common practice the steel was to have
been encased in Concrete for fire protection. At the last minute

however the government cut the steel tonnage allocation and it was
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mana'atd.‘r' another flre protectfonmethod be dev Is;d’tc
el iminate the dead load factor of Fh' concrete, A fire test of
vermicul ite-portland cement was ruﬁ at the National Bureau of
Standards and passed. The steel was redesigned and the project
was built with the same usable space, but with only 2/3 of the
steel required in the original design. |
The high fire resistance of the venn!cul!te-portland cement
combination came to the attention of the-mtlttary and‘wlth the ;:

_impending threat of bombung attacks on ouflw!ttgirg lnstallattons

.|"‘\

thousands of cubic yards were poured on.roofa oﬁ defense faci

L@ e - .,‘ -_»-\.,

The Pentagon Building alone requ!red 27S-carIoads of expande

today a national group of’over 100 Certffned Roof Deck Appltcatori

!

pour an estimated million square feet ofrlnsulating

!
concrete dhnually. A wide range of systems is available for
l
installation over structural concrete or steel decks providing

high insulation values, permanence, proper drainage and maximum
l .
v

The end of World War |1 was marked by an immediate revival
!

of the private sector of the Construction Industry. All materials

fire resistance.

were in short supply and steel was one of the most critical. If
the needs of the country were to be met Architects’ and Engineers:

were going to have to utilize every ton to the maximum., Again

-~

20185564



venmlculite played a major role., Research and testing had continugééf

and a number of assemblies had successfully passed Fire Tests at
Underwriters' Laboratories. Gypsuﬁ had replaced portland cement
as the binder with resulting reduction in thickness requirements
. and applicatfon time. |

The West Coast led the wayAin acceptance of the new concept.
,Two major projects in Los Angeles, the Richfield 0il Building and
“the Prudential Insurance Building amazed old timers- in the _
construction field with maJor reductions in stee\ tonnage and ;jg.c

ccmpletnon schedule,

Metal lath and vermiculite gypsum plaster for columns an ‘
vermicullte plaster suspended ceilings had permanent!y replace&vf
the old slow cumbersome ‘and expens;vg’procedure of erecting wood
forms around every member of the steel frame and then tedlou;fy"
filling each form with concrete,

Metaf lath and pfaéter fire protection continued as the standard
through the rest'of theth's and into the mid fifties. Other forces
were at work however whfch were destined to replace the new concept
by the end of that decade.

In England laboratory work was being déne with directly applied
asbestos fiber encaseme&t of structural steel, Reports reaching
the United States indicated that the method had considerable promise.
Not to be outdone by their European counterparts work was started

on direct application of vermiculite.
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Introduction and widespread use of the plaster pump accelerated

interest in the idea and in 1958 the first formulations were ready
for testing.
O0ld timers in the plastering business will recall that one
of the major breakthroughs in membrane fireproofing was a vermiculité
acoustical plaster ceiling. The system had passed the fire test
with a b hour rating and»gave the plastering industry its first
- fire rated acoustical ceiling. |
The basic formula for that acoustical'plastsr ;és modified
-and became the first vermiculite based material to pass the fige
test for direct applicaﬁipn on steel. . ;:;:‘ : *§; u?{
The new system was:readily accepted by the‘desfgn profesé on;‘
Heating, air condi{ioning and lighting of major sfrgctures had
become exceedingly cbmpl?x and the necessity to maihtain the |
integrity of membrane fire resistant ceilings made proper design
even more difficult. The new fireproofing system,because it
was directly on the stegl and out of the way, provided complete

flexibility and a much wider choice in finished ceilings.

It

It was obvious too,:that the new approach was faster and more
economical than metal lath and plaster. Elimiﬁation of the time
and expense of lathing accounted for most of the savings.

A number of West Coast buildings were fire protected with the
new system during the next few years. Among the first were the
Zellerbach Building in San Francisco, a California State Office

Building in Oakland and another in Los Angeles.
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Th;;nig?m;teri;l was difficult to handle in the field.
lmprovemeni'fn application and reduction in thickness was needed.
MONO-KOTE® fireproofing was the result, and it became the
Vermiculite Industry standard.

In 1969 rumblings were heard of a possible health hazard
in the use of directly applied fireproofing materials, which
contained asbestos. The'percentage of asbestos in the MONO-KOTE
fireproofing formulation was low and it was not believed that fts
use constituted a health'hazard To confirm this belief & job
site air sampling was done on projects in all parts of the country.
The studies showed that because MONO-KOTE was low In asbestos'f
content and was premixed with water and applied {n a wet st:ate-+
the asbesfos partiéulate matter at job sites was well below
government established Threshold Limit Values.

The consistent clamor of the Environmentalists continued and¥

‘it was decided that an asbestos free product was advisable.

MONO- KOTE ® Type IV Asbestos Free Fireproofing was fire tested  »
in 1971 and is now avaiiable for use when required; «

While the asbestos:controversy was raging-a more subdued
change but one wifh far!greater effects on the industry was slowly
working its way through:the E5 Committee of the American Society
for Testing Materials. This Committee is responsible for writing
the test procedure to determine the Fire Resistanég provided by
building materials and construction assemblies. The test procedure

in use until January 1, 1972, had been adopted originally in 1908,
It is designated as ASTM Test Method E-1189.
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of thtsip ?cular test.
Assemblies were not performing in Fire Tests in the manner
indicated by the known performance characteristics of the materials.

It is known that the tensile strength of steel falls off sharply

. at temperatures between 1000° F. and 1200° F. 'Contrary to this,

steel beams were passing the fire tests with temperatures which
sometimes reached 1800° F. to 2000° F. Fire tests are conducted

' :ln a massive reinforced concrete cell which resl{ts theggipansfon

P

of the specimen as the temperatures rise.’ The fbrces~dhve10pe

5 g
~.l\"“ .

load carrying capacity. Failure only occurs. theﬁ agmgemperatu

exceeding those which would cause failure in- an.actualkhutfd!ngg

fire where the reﬂannung forces are not present.- r* SRR ?f

Several years ago San Francisco, Los Angeles andeUhlfonma : “:
Bullding Code officials recognnzed this deficiency in the fire
test procedure and had establnshed their own criteria for acceptance
based solely on tempera{ure. Failure point was established at
1000° F. average at anyiquarter section or 1200° F, at any single

I,
point. i

The ASTM E-5 Commiétee worked for 10 years trying to develop
a new test but it wasn't until 1970 that a compromise solution was
finally reached.

The revisions are complicated and confusing and there are those

who believe that the problem has been compoundedrather than solved.
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ratlngs RESTRAINED and UNRESTRAINED. Under its provisions

portions of a building can be cons fdered restrained while other
portions of the same building could be unrestrained.

Temperature limitations have been established for all beams
‘and floor assemblies but a time factor has been introduced whieh
.provides that in the testing of beams in the restratned condition
the temperature of the steel shall not exceed 1100° F. average ,
or 1300° F. maximum at any pount for at least one hour‘oe for

.:_ %

one half of the classufucation period. A Restrained’beaﬁ the

could be rated at 4 hours if it sustained’lts design Ioad for:

4 hours and the Iumitung temperatures were not exceededifor I 'ours. L

In the case of Unrestrained beams the temperature;llmltatlons
cannot be exceeded durnng the entire ciassufication period’ .
4 hour Unrestrained beam then would have to be protected with suf-
ficient material to preJent a temperature rise exceeding the 1100° F
average or 1300° F. maximum at any point for the full 4 hours.

Obviously the Unreetrained beam: requirements are much more
severe, and except for % 100° difference in temperature are similar
to the present San Franeisco, Los Angeles and the Uniform Building
Code requirements. ’

Floor and Roof Assembly Tests have also been revised, They
must be fully loaded and carry the load for the full time period.

Temperature transmission through the floor or roof cannot exceed

250° F. average or more than 325o F. at any point, Cotton waste
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flame

but a new element has been added. .The beam supporting the floor’ ;‘:
-or roof assembly 'is now considered an integral part of the assembly.

The requirements for the beams in restrained or unrestrained floors.

' or roofs is identical to those outlined previously for beams onfy.

;:added The temperature of the steel from which the deck tsA

In unrestrained floors or roofs one other provlsnon has been 'w:
P *’;‘e, ,--".’

ﬁ{

S
Co!umn tests have not been changed Fallure.!a base¢

...4 .

raltemperature and occurs when temperatures exceed=10009'

—both steel and concrete construction“

! .

of the E-5 Committee to define RESTRAlNT in realistic tennsha It

reads'as follows "Floor and Roof Assemblies and individual beaﬁe-

in buildings shall be censidered restrained when the surrounding

or supporting structuregis capable of resisting substantial thermal
expans ion throughout the range of anticipated elevated temperatures,
Constructions not c0mp19ing with this definition are assumed to be
free to rotate and expand and shall, therefore, be considered as

unrestrained.,"
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Fonly the trucfurai engineer who designed the building can
determine what is restrained or unrestrained. There are even
those who insist that such a determination cannot be made
realistically; that fire loading changes in structures and yhb
can say what is‘"substantial thermal expansion" or "anticipated
elevated temberatures" It is this group who have for practicai

purposes rejected the "RESTRAINED" criteria and wilt’use the more

f practncai "UNRESTRAINED" condltionth hs?iéwy2?¥~v9*'i;§§j

The next few years will be difficult and risky for everyozf¥ff
. oo > .
~concerned but it will be partccularly so\for those-who(are bi

and are doing the field appiication.fj % '

There is reason to beiieve that there utit‘ncéfbe lgreemenc )
'among COde Authorities on the subject.a Some wiit adopt tﬁ;ew |
criteria others will rngct |t. There wiii be varying time
schedules for adoption 5r rejection even by ca?nunities operating
under the same_basic code, |

Extreme caution plqs reliance on qualified material manufacturers
representatives will be Hecessary until some of the unresolved issues

l

are settled. i
' |

[
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walt Pickthall was asked to prepare an article on Vermicullte
Fireproofing for the Western Plasterer magazine. Attached is
a copy of his article which should prove educational for all -,
of us. . - :

Walt Pickthall's new title is "Doctor Of History* akd he is now
the official historian for the Pacific Region, :
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* VERMICULITE. FIREPROOF INGs...

=SF - pagt and Present

The ofd prospector poked sleepily at the remains of the
previous evening's fire. He had banked it carefully and here and
there tongues of flame flickered in the hot bed of coals. As
the first rays of sunlight shot down from the ridge to the east
his eye caught the glint of gold in the bankings he had used.

His disappointment was considerable when he discovered that

what at first appeared to be pea sized nuggets of the precuous

" metal were only granules of an almost weughtless\laminated
golden mineral. ”

Whether this or other equally plausible stories of the

discovery are the real truth is relatively unlmportant but thisl

one serves well to'pount up the principal physical properties

_pf.the mineral vermicul%tg and the iﬁaustry which developed ftﬁm‘

its discovery. A | ‘ '
The time would have been shortly after tﬁe end‘of World War

iI. The place, the Rock* Mountain area in Montana near the

Canadian border. Preseﬁt day maps show the site as Libby, Montana,

‘where the townspeople will tell you with unabashed pride that

they have the largest vermicul ite deposit and mining operation

in the world and that the nearly seven million dollars Zonolite

is presently spending on new facilities will triple the capacity

of the operation by 1974.
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a'-ﬂ’years ago=the presence of the sma!l brown mica-

like flakes in the earth he used probably went unnoticed.
Certainly he would have had no way of knowing that these flakes
were composed of microscopically thin laminates, between which

were entrapped water cells. As the flakes grew hot from contact .

- .with the coals the water cells turned to steam forcing the .

laminates to separate. At the same time oxidization was, occurripg

' and the color changed from dark brown to a highl reflective old
{ g

-

The result was a granular material roughly ten times theworig»nal

| size impervious to firﬂ and an excellent lnsulatoras“ﬁ“
L S
Early marketmg of the ‘new duscovery concentrated\ on,mthe

By :

insulation field ‘High | resnstance to fire, permanence,ﬁllghtweight-~

M O
ol
By

s-—'»
TR "

e

and ease of |nstallat|oq found ready acceptance in the market.place.
The remarkable ability to ship ore in concentrated form-and’expand
it at strategically Iocated plants made the new product an economic
success from the start.

It was World War Il however, that gave the fledgling business
entree to the Cbnstructﬁon industry and the uses which are so common
today. f' .

The first major job was the Mercantile National Bank Building
in Dallas, Texas. As was common practice the steel was to have
been encased in Concrete for fire protection, At the last minute

however the government cut the steel tonnage allocation and it was
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mandatorv 't another fire protoction method be devised‘ [

e

eliminate the dead load factor of the concrete. A fire test of
vermicul ite-portiand cement was run at the National Bureau of
Standards and passed. The steel was redesigned and the project
~was built with the same usable space, but with only 2/3 of the
steel required in the original oesign. ,
The high fire resistance of the vermfcullte-portland cement
combination came to the attention of the mtl!tary and‘wlth the - .
. Impending threat of bomblng attacks on ouﬁlniftgsry.[nstallations

,—--

thousands of cubic yards were poured on.roofs ‘of defonse faci thsggg
N . R L ; .,

The Pentagon Building alone required 275 oarloads of- expandeizg;ééﬁyﬁ,
STE e FiE i T

vermucuiite to complete the installation. - -~7”‘5‘ ki ",E'?,i =3
’r‘_':‘?"

The use of vermiculite concrete has cont!nue& to grou-ané e

today a national group of over 100 Certffled Roof Deck Applicators

f

pour an estimated million square feet of insulating

concrete dhnually., A wide range of systems is available for
, {
installation over structural concrete or steel decks providing

high insulation values, permanence, proper drainage and maximum
| .

i

The end of World War || was marked by an immediate revival

fire resistance.

of the private sector of the Construction industry. All materials
were in short supply and steel was one of the most critical. |If
the needs of the country were to be met Architects® and Engineers:

were going to have to utilize every ton to the maximum. Again
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verm!culit?‘ﬁlayed a major role. Research and testing had continu‘e‘zg

and a nunber of assemblies had successfully passed Fire Tests at
Underwriters' Laboratories. Gypsuﬁ had replaced portland cement
as the_binder with resulting reduction in thickness requirements
and applicatfon time. |

The West Coast led the way in acceptance of the new concept.
_Two major projects in Los Angeles, the Richfield 0il Building and
’the Prudential Insurance Building amazed old timers in the
construction field with maJor reductions in stee\ tonnage and _fl

completion schedule.

Metal lath and vermiculite gypsum plaster for columns an. Lo
vermiculite plaster suspended ceilings had permanently replaced ' JT}L
the old slow cumbersome and expens ive procedure of erectlng wood
forms around every member of the steel frame and then tedioueiy '
filling each form with concrete. ,

Metaf lath and pfaéter fire protection continued as the standard
through the rest.of theihO's and into the mid fifties. Other forces
were at work however which were destined to replace the new concept
by the end of that decade.

In England laboratory work was being done with directly applied
asbestos fiber encasemeet of structural steel, Reports reaching
the United States indicated that the method had considerable promise.
Not to be outdone by their European counterparts work was started

on direct application of vermiculite.
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Introéiction and widespread use of the plaster pump accelerated :

- o

interest in the idea and in 1958 the first formulations were ready
for testing.

0ld timers in the plastering business will recall that one
of the major breakthroughs in membrane fireproofing was a vermiculite
acoustical plaster ceiling. The system had passed the fire test
with a & hour rating and'gave the plastering industry its first
fire rated acoustical ceiling.

The basic formula for that acoustical‘plastsr ;és modified
-and became the first vermiculite based material to pass the fige -
test for direct application on steel. o 3 T

The new system was readily accepted by the'desfgn profess?on..
Heating, air condifioning and lighting of major structures had
become exceedingly cbmpfex and the nqussity to maintain the _
integrity of membrane ffre resistant ceilings made proper design
even more difficult. The new fireproofing system,because it
was dfrectly on the steel and out of the way, provided complete
flexibility and a much wider choice in finished ceilings.

It was obvious too,fthat the new approach was faster and more
economical than metal lath and plaster. Elimiﬁation of the time
and expense of lathing accounted for most of the savings.

A number of West Coast buildings were fire protected with the
new system during the next few years. Among the first were the

Zellerbach Bhilding in San Francisco, a California State Office

Building in Oakland and another in‘Los Angeles,
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Thé-n§§§m§teriél was difficult to handle in the field,
lmprovemenf fn application and reduction in thickness was needed.
MONO-KOTE“D fireproofing was the result, and it became the
Vermiculite industry standard.

In 1962 rumblings were heard of a possible health hazard
in the use of directly applied fireproofing materials, which
contained asbestos. The percentage of asbestos in the MONO-KOTE
fireproofing formulation was low and it was not believed that fts
use constituted a health hazard. To confirm this belief @ job
~ site air sampling was done on projects in all pafts of the country.
The studies showed that because MONO-KOTE was low in asbestos ;
content and was premixed with water and applied in a wet staté‘
the asbestos partiéulate matter at job sites was well below
government established Threshold Limit Values.

The consistent clamor of the Env{ronmentalists continued and
‘it was decided that an asbestos free product was advisable.
MONO-ROTE® Type |V Asbestos Free Fireproofing was fire tested
in 1971 and is now available for use when required.

While the asbestosicontroversy was raging a more subdued
change but one wifh far!greater effects on the industry was slowliy
working its way through the E5 Committee of the American Society
for Testing Materials. This Committee is responsible for writing
the test procedure to determine the Fire Resistanég provided by
building materials and construction assemblies. The tesf procedure
in use until January 1, 1972, had been adopted originally in 1908.

It is designated as ASTM Test Method E-119,
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of th!s pt!tfcular test.

Assemblies were not performing in Fire Tests in the manner
indicated by the known performance characteristics of the materials.

It is known that the tensile strength of steel falls off sharply

. at temperatures between 1000° F. and 1200° F. " Contrary to this,

steel beams were passing the fire tests with temperatures which
sometimes reached 1800° F. to 2000° F. Fire tests are conducted

:ln 8 massive reinforced concrete cell whuch resl{ts the:gipansfon

DX

i

of the specimen as the temperatures. rise.” The fbrces_dhveIOpe :,gj{

puts the assembly in compression with a resultant increase in: tsiﬁ‘?
R .,,:"‘&.&3’ e L

1oad carrying capacity. " Fallure only occurs then»at temperetures

exceeding those which would cause failure in-an actuaggggtraing;

fire where the reﬂanning forces are not present.- =
Several years ago San Francisco, Los Angeles and-UnIfonn«

Building Code officials recognlzed this deficiency in the fire

test procedure and had established their own criteria for acceptance

based solely on temperaéure. Failure point was established at
1000o F. average at any Huarter section or IZOO° F. at any single
point. %'

The ASTM E-5 Committee worked for 10 years trying to develop
2 new test but it wasn't until 1970 that a compromise solution was
finally reached.

The revisions are complicated and confusing and there are those

who bel.ieve that the problem has been compoundedrather than solved.
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In If!LsimpTest form the new fir& test provldes for two =

ratings RESTRAINED and UNRESTRAINED. Under its provisions

portions of a building can be consfdered restrained while other
portions of the same building could be unrestrained.

Temperature limitations have been established for all beams
‘and floor assemblies but a time factor has been introduced whléh
.provides that in the testing of beams in the restrained condition
the temperature of the steel shall not exceed 1100° _F. average

T L

or 1300° F. maximum at any ponnt for at least onE hour: or for
ror

one half of the classnflcatlon period. A Restra!ned“beam the

could be rated at &4 hours if it sustalned Its deslgn load for: .?1
4 hours and the lomitnng temperatures were not exceeded—for Zihours;

In the case of Unrestrained beams the temperatura limttatlons
cannot be exceeded durnng the entire classsf!cation perlod Y
b4 hour Unrestrained beam then would have to be protected with suf-
ficient material to preJent a temperature rise"exceeding the 1100° F
average or IBOQO'F. maximun at any point for the full 4 hours.

Obviously the Unre#trained beam- requirements are much more
severe, and except for 4 100° difference in temperature are similar
to the present San Frandisco, Los Angeles and.the Unifonn Building
Code requirements. I

Floor and Roof Assembly Tests have also been revised, They
must be fully loaded and carry the load for the full time period.
Temperature transmission fhrough the floor or roof cannot exceed

250° F. average or more than 325° F. at any point. Cotton waste
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- :'temperature and occurs when temperatures exceed.looov

"quuarter section of the member or 1200° F. at ang,s

portton of the test procedure has. not been changedﬂif

but a new element has been added. .The beam supporting the floor li:
or roof assembly ‘is now considered an integral part of the assembly.l
The.requirements for the beams in restrained or unrestrained floors |
© or roofs is identical to those outlined previously for beams enfy.

‘ In unrestrained floors or roofs one other provisuon has been -if
C;fadded The temperature of the steel from which the deck Isdfabrtcated

7.cannot exceed lloo° F. during the entire classificatlon per!o

‘Column tests have not been changed. Fallure.ts baeed oi_ B

O P
43

'both steel and concrete constructionu NG
| v ' -:,’; ';; S
The whole test procedure has been further complicatedv y Fatlure -

- ¥ * L and

,.-

of the E-§ Committee to define RESTRAINT in realistic terms.. kt " _.
reads'es follows '"Floor and Roof Assemblies and individual beame

in buildings shall be censidered restrained when the surrounding

or supporting structure?is capable of resisting substantial thermal
expans ion throughout the range of anticipated elevated temperatures.
Constructions not complying with this definition are assumed to be
free to rotate and expand and shall, therefore, be considered as

unrestrained."

20185570



3 Ade

‘only the structural engineer who designed the build!ng can

determine what is restrained or unrestrained. There are even
those who insist that such a determination cannot be made
reaiistically; fhet fire loading changes in structures and.who
can say what is'"substantial thermal expansion" or "anticipated
"elevated'temoeratures" it is this group who have for practlcal

| purposes rejected the "RESTRAINED" crfterle and wllt use the more

T sl

practical "UNRESTRAINED" condition. .. \\; ~:-:~
. ,,,u. .a-_;‘;_ e = .',,..e:.A [y

A

The next few years will be difficult and rtsky for everyo fﬁ%%gil
" concerned but it will be partlcularly so~for—thoee who-ere bid fnuf“%‘

and are doing the field application.f .€E§ n;: f‘_»<j§§§%%;; 5.

There is reason to belleve that there witt noe”’be‘e.g_r’eemenc
'among Code Authorities on the subject.- Some wl!l adopt the new '
criteria others will relect it. There will be varylng time
schedules for adoptfon or rejection even by coomunities operatlng
under the same basic code. )

Extreme caution plds reliance on qualified material manufacturers
representatives will be necessary until some of the unresolved issues

are settled.
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