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SIMULATED PLANT FIRE TESTING
or
PIPE INSULATION SYSTEMS
by

William J. McMillan

In industrial plants, particularly in the petro-
chemical industries, accidental plant fires involve
burning liquid hydrocarbons, many of them lighter
than water. Thus, the consideration of a large flame
area with rapid temperature rise and flame impinge-
ment directly on pipes is of paramount importance in

pipe insulation systems design.

Small scale comparison tests of insulation materials
may provide a rating for combustibility or fire resis-
tance, but they will not establish the performance of
pipe insulation in a fire. Recognizing the inadequacy
of point imbingement flame tests and radiant heat ex-
posure to forecast pipe insulation behavior; the

Union Carbide Corporation ih the early sixties initia-
ted an outdoor fire resistance test to simulate plant
fire conditions. This tcst exposed pipes and insula-

tion systems to approximately thirty square feet of
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flame area having temperatures tailored to the ASTM
E-119 Standard Time—Tempe;ature Curve. The results of
these tests were reported(l) by Durbin H. Way and Carlos
J. Hilado in 1968. During the past two years research

at The Dow Chemical Company duplicated and modified the

Union Carbide test procedure,

The fire resistance of pipe insulation systems is
determined by suspending 20 feet of insulated 3"

diameter steel pipe over a 4 x 12 foot steel fire pan

61E4%8201S

containing water with burning gasoline on its surface,
A schematic of the test apparatus is shown in Figure 1.
Five insulated pipes may be tested simultaneously. The
gasoline feed rate to the underwater sparger in the
bottom of the fire pan is continuously monitored to
Produce a flame temperature rise which coincides with
the ASTM E-119 Standard Fire Temperature Curve. After
burning for one hour, the fire is allowed to burn out
and the insulation inspectéd. The impact of water on
the insulation is simulated by re-igniting the fire and
after five minutes spraying ;ﬂe insulation with water

from a fire hose until the fire is extinguished.
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The pipe temperature rise is measured by a thermocouple
in the pipe surface midway between the pipe ends.
Although these tests were conducted within a specially
designed building, the flame temperature and profile
were sensitive to weather conditions and required con-
stant monitoring and control by adjustment of the fuel
floQ and draft profile. The variation in flame profile
and intensity also made it necessary to measure the
flame temperatdre immediately adjacent to each pipe.
The flame temperature thermocouples are mounted within

2 4" length of stainless steel éipe to modulate the

thermocouple sensitivity.

Fire resistance is expressed as the time required for
the insulated pipe to reach a forecast failure tem-—
pérature or as the pipe temperature after a given fire
exposure time. The desired minimum fife resistance
for pipe insulation for the petro-chemical industry
has been arbitrarily selected as one hour for the pipe
temperature to reach 1000°F. However, a specific fire

resistance should be selected .for cach installation.

02E%8201S .
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The variation in flame temperature from the ASTM E-119
Standard Time-Temperature Curve, from pipe to pipe and
test to test, is corrected by application of a deviation
factor to the temperature and or time. The deviation
factor is expreésed as the ratio of the area under the
flame temperature curve to the area under the ASTM
E-119 Standard Time-Temperature Curve. When computing
the deviation correction only that portion of the Time-
Temperature Curve for the time period under considera-
tion is used. The test is qonsidered invalid if the

flame temperature curve for the duration of the test

deviates from the ASTM E-119 curve by more than ten

percent.

When five pipes were insulated with one inch of a
célcium silicate insulation and a ten mil stainless
steel jacket; the insulation system was found to
provide essentially one hour of fire resistance.
Figure 2 shows the test in progress and the fire
resistance curve is shown in Figure 3. The average

variation in flame temperature was 360°F., The pipe

temperatures varied by 92°F,

12€48201S
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Because "white goods" normally shrink when exposed to

high temperatures a double layer pipe insulation system
is usually specified to provide satisfactory fire pro-~
tection against direct flame impingement or direct
radiation from the jacket, Howevef, since ceramic and
glass foam insulations expané rafher than shrink when
heated; a single layer of these materials will provide
the required protection provided they are secured on

the pipe with steel jacketing or bands.

With an external temperature rise of 2000°F and a pipe
temperature rise from ambient to 1000°F; calculations
show that the expansion of the glass foam insulation

exceeds that of the pipe and cracks for direct flame

impingement are not formed. Also, in a three foot

length of pipe the expansion of the pipe will not ex-
ceed that of ceramic foam insulation by more than 0.1".
Past experience has shown the ceramic foam to fracture
an average of each 6" under rapid external temperature
rise; thus the potential créck due to a fire would be
distributed over five. fractures and would be approxi-

mately 0.02" which is insignificant for direct flame

impingement consideration.

¢2en8201S
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The difference in fire resistance between g;ass foam
and ceramic foam becomes more obvious with increased
flame exposure time. The glass foam, because of.its
lower softening temperature tends to sinter and
shrink at tempe:aturéé where the ceramic foam remains
essentially unchanged. The fire resistance of ceramic
foam pipe insulation is shown in Figure 4.' Ceramic
foam pipe insulation 2" thick with proper covering will

provide the desired one hour of fire resistance.

From the tabulated fire resistance shown in Table I of
various high and low temperature jacketing systems for
two inches of ceramic foam, the fire resistance is not
very sensitive to the jacketing material. The ceramic
foam pipe insﬁlation without a jacket spalled due to
the rapid temperature rise and flame impingement
during the first 14 minutes of the test. The loss of
material reduced the fire resistance. The vinyl
acrylic mastic did not readily burn and left a cement-
asbestos like residue which protected the ceramic.foam
from spalling and left it intact under the jacket

residue. The asphaltic mastic burned and dripped

£2£498201S .
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from the pipe rut left a light-weight expanded residue.
Some spalling occurred. The aluminum jacket had

melted from the insulation within 12 minutes into the
test. Banding with steel bands 12" on center instead
of 6" on center allowéd fragments of the foam to

become dislodged from the pipe. The foam under the
steel and asbestos felt jackets, although fractured,

was intact after the test.

The "aftef fire“ integrity and functionality of an
insulation system is very significant when selecting
an insulation system to minimize processing or
production "down time" after a fire. Three inches of
ceramic foam pipe insulation with an a;phalt im-
pregnated asbestos felt jacket banded with steel bands
6 inches on center did not change its fire resistance

when exposed to three consecutive fire tests. The

insulation was rejacketed between tests,

In a single test, a 6" diameter pipe insulation system
composed of 24 ceramic foam segments approximately 1.7"

wide bonded to an asbestos felt jacket, when banded 6"

heEHWB8201LS
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on center; was found to remain functional after the

fire resistance test in that despite the small size of
the segments, they remained firmly secured on the pipe

ANE2, .'(‘-"—C
even when the jacketAwas scraped off.

Plastic foam insulation is not uéually considered as

providing fire protection. However, some fire retar-
dant rigid polyurethane foams by virtue of their char
forming characteristics, do provide fire resistance,
especially when installed with steel jacketing. Most
of these rigid foams, once converted to carbon char by
a high temperature, contract and rupture leaving a part

of the pipe exposed to direct heat radiation or flame

impingement.

One rigid polyurethane foam is unique in that when
exposed to high temperature it concurfently melts,
carbonizes, and intumesces thereby providing an
‘essentially continuous carbon char insulation,
Variance in the fire resistance of four commercial
rigid polyurethane foaﬁ pipe insulations is shown in

Figure No. 5. . Each foam was 3" thick and was jacketed

»
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with 10 mils of vinyl coated stecel. The better re-

sistance is provided by the non shrinking type foam

previously described.

The éharacteristic to melt, éarbonize, and intumesce
applies to vertical as well és horizontal surfaces.
A vertical pipe insulated with 3" of rigid poly-
urethane foam and a steel jacket was included in one
of the fire resistance tests and is shown during the
test in Figure 6. The char formation did not melt

and run out and provided fire resistance for longer

than one hour.

Some rigid polyurethane foams continued to "punk”

20 minutes after the fire was extinguished, even when
the fire was extinguished Qith water. The punking was
usually ajacent to the pipe where a hiéh temperature
could be maintained. A punking characteristic is

undesirable where there is a potential for fire

re-ignition.

Five jacket materials for three inches of fire

retardant rigid polyurethane foam pipe insulation

92EN8201S
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were tested simultaneously. The results shown in
Table 2 indicate that the fire resistance of a rigid
polyurethane foam pipe insulation system correlates
directly with the fire resistance of the jacketing.
The fire resistance as a function of the foam thick-

ness for a steel jacket system is shown in Figure 7.

Since these fire resistance tests were run with empty
pipes the fire resistance will be increased when the
pipes are filled and should be exteﬁggd ggngiderably
when the pipe contents are flowing. ;gey-ééould not
be confused with established ASTM test procedures
such as ASTM E-119 and ASTM E-84, nor should theée
test results be considered as guaranteeing pipe
insulation performance in a fire. However, these

test results can provide the basis for the selection

of insulation materials and systems,

In summary, simulated plant fire testing of pipe
insulation systems has shown that: (1) Rigid
polyurethane foam insulation can provide fire resis-

tance. (2) The fire resistance of polyvurethane foam

L2EYBZ01S .
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pipe insulatién is a function of the jacketing
‘material. (3) Single layer ceramic foam pipe
insulation can provide fire resistance without flame
impingement. (4) Ceramic foam pipe insulation can
remain functional after a fire. The ability to
forecast the insulation thickness required for fire
protection becomes significant when the potential
fire severity and heat insulation requirements are
combined to determine the most economical thickness

of insulation.
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Figure 3
Fire Resistance -of Calcium Silicate Pipe Insulation

1000,
[pipE TEMPERATURE, °C ] 1 ~——
800 |-
T
[ ]
800 |-
200 — TEST FLAME TEMP.

{Average Of 6 Thermocouples)

600

{832°F)
500

400

300

ONE INCH CALCIUM
SILICATE

10 MIL SSTEEL JACKET
{Average Of 5 Pipes, Two
Thermocouples Per Pipe)

200

100

MINUTES

0EEY8201S .



$T0284331

1S31 OLNT SALANIN
seL o0zl S0 06 st 09

14 (11 Si

J l I 1 1

A0IHL SIHONI E

ADIHL
S3IHONI Z

ADIHL HONI L

-1 002

- 00€

-1 00¢

—1 00§

-1 0092

~—300L

{ o, ‘3univuzdawal 3did |

J 008

uorjensuy adrd weog HIWRII) JO 2D0ULISTSOY OITJ

v 2anbry

Sy

e g 22

e T I TS

v v

P N

TS

C e PT e e

PE




$70284332

65
929
€9
L9 .
59
14°]

3194 SO1S3qSY.

oM ssajurelg sityl oL
wntnungy paiebnio)d sy oL
onsepy anjeydsy
MISLN-ONAIY-JAUIA

10508 ON

amesadway adyy
14,0001 oL sainuy

. wWasAg

WVYOd JIWVH3D 40 S3HONI oML

3JONVISISIH 3HId
1 °1qeL




"Figure 5

Fire Resistance of Three Inch Thick Rigid
Polyurethane Foam Pipe Insulation
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Figure 7

. Fire Resistance as a Function of
Polyurethane Foam Thickness
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