- CONTRACTOR REPORT

NUREG/CR2321

. SAND81-7144

~RP

Investigation of Fire
- Stop Test Parameters
Fmal Report o

Leon Przybyla
Underwriters Laboratories
:333 Pfingsten Road
Northbrook, IL 60062

- P:intedeSeDteﬁber 1981

Prepared for Sandia National Laboratories ‘
under Contract No. 07-9116

Prepared for

US NUCLEAR REGULATORY COMMISSION






‘NUREG/CR-2321
_SAND8l 7144

. INVEs IGATlON OF -
' FIRE STOP TEST PARAMETERS
- FINAL REPORT

' September 1981

‘Sandia -Project Officer:. L. J.ixlamefns_”

:;P:epared for

- Sandia National -Laboratories:
Albuquerque,,New Mexico 87185
+ + " operated by -
Sandia Corporation
-for the -
US Department of Energy o

:'WOrk performedeunder Sandla Contraet No. 07-9116

: Funded by : :
DlVlSlon of Englneerlng Technology
Office of Nuclear Reactor Research
, : Washington, DC 20555 .
;_Under Memorandum of Understandlng DOE 40 550 75
NRC. Fin No. Al010

"y







ABSTRACT

An experimental investigation was performed tovdétermine’the

“effects of pressure differential, fire exposure conditions

and sample construction-on the performance of fire stops :
used to seal electrlc cable and conduit penetratlons through
concrete fire barrlers. ‘Experiments were conducted using a

.differential pressure of -12 to +125 Pa, various sample
" .constructions and two fire exposure conditions. Results

indicate that the effect of pressure differential is not
significant for those fire-stop materials which 4o not have
cracks or other through openings that allow passage of gases

" during fire .exposure. However, if the material allows

passage for gases through cracks or other holes, such as

those left open after .a cable pull, the pressure differ-
-ential affects fire stop performance. Effects of the size

of the opening; size, location and type of the penetrating
items installed through the opening; and severity of fire
exposure on the performance of fire stops are demonstrated
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. INVESTIGATION OF -
FIRE STOP TEST PARAMETERS

t5ml Introductlon
'Flre stops lnstalled in nuclear power plants are generally

qualified by .testing in:.accordance with. IEEE 634-1978.3. Thls :;
Standard prescribes the test procedure-and method to ‘evaluadte

results.. The test procedure consists of subjecting ‘the- flre LT

stop sample to a fire exposure in accordance with Stan= " -

~ dard ASTM E119. 4, Immediately after fire exposure, the

" sample is. subjected to a water. spray. (hose stream test).

- Fire stops. are acceptable if they withstand the fire test .
without passage of flame or .gases hot enough to ignite cable'
on the non=fire’ 51de, ‘and if they llmlt the temperature on’

- the non-fire side to.less:.than 700 F. ~Additionally,  the
~sample must withstandmtheshOSefstream‘testwwithout-develé

" oping an opening which allows the passage of ‘a water stream.

‘Although pressure differentials (the pressure at one side of
the fire stop with respect to the other side) exist at
various areas in the.plant under normal operation,- the -
IEEE 634 test .method does .not require-a: specrflc pressure
differential to . be applied:-during the test. The Standard
. recognizes thls aspect but does not address lt.f .

‘Also, accordlng to IEEE 634 sample selectlon for testlng is -

to be representatlve of the fire stop installed in the = -
field. In.order to facilitate the :selection, suggested
guldellnes are.given for size of opening:.and types ‘and srzes-
of cables but,.-data: substantlatlng the-selection.'is not:
given. : The effects of varying the.sample ‘construction: by
changing its: size,. number of cables and locatlon of cables
is not known.: : : ~ :

This investigation was-.conducted to develop information on
the effect changes in pressure differential and: sample
construction have on the performance-of the: . fire stop-
Additionally, the effect of .subjecting the fire stops to' a
fire exposure less 'severe.in: temperature than the ASTM E119 E
exposure was also:. investigated. :



rocedure’

2;1 General

'f’Thls 1nvestlgatlon con51sted of conductlng SO'small-scale

;::fflre experlments using several types.of fire ‘stop. samples.’
“ A . summary of’ the experlments conducted is shown in. Table 1.

- These experlments were - organrzed into: twenty-one groups to’

¥ facilitate comparison of results.v ‘Within each ‘group,,- the_wfvfl”'

 parameter under consideration was varled w1th the sample andvf’
thest procedure held constant.g;;» : C L IS

”vﬂEach sample was subjected to the prescrlbed flre exposure 5.,:-g
»;untll ‘either flaming occurred .on. the. unexposed side or. until

" the- approprlate information was-obtained. During each'

experiment, temperatures.of the -unexposed- surface and v1sualv

'”Vobservatlons of physical performance were. recorded. ' For

" some” experlments, temperatures within the fire- stop materlalﬂ‘*
'ﬁ-were recorded for supplemental 1nformat10n._t o

‘ffz 2 Samples

ffAll flre stops were 1nstalled in 6 1n.,(150 mmﬂ‘thlck -
‘concrete floor slabs._ Openinqs 1n -all: but three- slabs were

,qﬂelther c1rcular 6-in, (150 mm ) in diameter- or’ 12.in. (310 mm)
o~ square. .The remalnlng slabs had circular open;ngs of 2 in..
oo (51 mm) 9 in. (230 mm) . and 13 in. (330 mm) ‘in’. dlameter."

‘pThe flre stop materlals used were 51llcone foam, 51llconeu

'~,elastomer, .anda fire stop - device.- These are. representatlve

1gof materials currently used ‘in- nuclear- ‘power: plants. - The,}

: rfg5111cone foam and silicone elastomer were two- component .
.“materials which vulcanized .at room temperature (RTV) These

~materials. which" were mixed, poured into the openings, and

“cured- in- accordance with the: manufacturer s. lnstallatlon )
‘instructions. - The nominal free rlse den51t1es ‘were: 30" pcf
(0.48 Mg/m3) and 90 pcf (1.42 Mg/m3)~ ‘for ‘the silicone foam
"-and silicone’ elastomer,vrespectlvely However,fthe dev1ce

o was constructed from ‘several separate components of. steel
”_4plates,‘1ntumescent material, and a neoprene gasket. The

p*dev1ce was installed: by friction fit. from the compression of
- the neoprene materlal in’, accordance w1th the manufacturer s'
' 71nstallatlon 1nstructlons."' ' ST L DR :

o+ —vKulvalent SI units. 1ncluded 1n parenthe51s'
‘ may only be approx1mate B



~Samples were constructed w1th thevpenetratlng :tems pro-.
trudlng about 12" 1n..(300 mm)  below:the " exposed surface an
36 in. (910 mm)- above the -unexposed: surface . ‘When cable L
‘trays were used’ the penetratlng items were" fastened to '
. them on the unexposed 51de for support. ST e

fThese samples were de51gned to fac111tate performance

. measurement so. as to provide an- 1ncreased ‘data base’ upon TR
‘which theevaluation-of changes: in: parameters could be- made.~j*“
It should not be misconstrued that the samples: were- desrgned
to obtain-<a 3 hr fire rating which is requlred for field .
~installed fire. stops. as -specified in Appendlx R-of lOCFR
Part 50. A summary descrlptlon of the . .various experlmental
samples is shown in Tables 2-8. Examples of- the appearance { L
of . the fire stop samples prlor to test are shown in~ Flgures 1o

_ _and 2.0

»2.3 Apparatuslp

2 3 1 Furnace _

. The - small scale floor furnace (Flg 3) of Underwrlters
-.Laboratorles ‘Inc. was used 1n these experlments.m.

/2 3. 2 Enclosure

‘In some experlments, to obtaln the des1red pressure dlffer-‘ o
entlal -an enclosure was placed -on .the unexposed side of ‘the 7~
sample, and the air pressure within the enclosure ‘either o
increased or decreased as needed.  The general construction . .-
of the enclosure was as .shown in Fig. 4. Air.flowed con-

" tinuously through ‘the ‘enclosure through the: ports. The

inlet and exhaust: ports were adjusted to prov1de the- de51red
pressure control. Flow: through the ports was diverted .

toward the walls of the: enclosure away from the sample and

:penetratlng 1tems. ~

2. 3 3 Instrumentation

Type K Chromel-Alumel thermocouples ‘were ‘used for all
temperature measurements of the unexposed surface of the
fire stop materials and of the material interior for. some.
samples. All thermocouples on the unexposed surface were
covered by a 0.75 in. (19 mm) by 0.75 in. (19 mm) by .

0.16 in. (4 mm) thick asbestos. pad" Pressure was measured
with probes connected to either a manometer or an: electronlc
barometer. : :

L =3-



2 4 Method

;Summarles of the experlments are shown in Tables 9-16.
Except in three experiments, the: samples were subjected to
a fire exposure with the furnace temperatures controlled in

accordance with.the standard temperature time curve. spec1f1ed .

in ASTM E119 (shown in Figure 5). In the remalnlng experi-
‘ments, the furnace temperatures were controlled in accordance
with the other less severe temperature-time curve also shown
in Figure 5. The pressure differential between the exposed
surface and unexposed surface was measured and controlled to
.the desired pressure for each experiment. Positive pressure
differential was obtained by having a greater pressure at

the exposed surface of the fire stop with respect to the
unexposed surface. A negative pressure differential was
‘obtained by having a greater pressure at the unexposed
surface of the fire stop with respect to the exposed surface.
Experiments were conducted until flaming occurred on the

. unexposed side or until the approprlate 1nformatlon was
obtained. .




ﬁ33j,gxperimeﬂtai_keeUIES

'3 1 General

-The results of all the experlments are 1ncluded in Appendlx ¢

' The temperatures on the unexposed surface of the fire stop

' material were plotted versus time for each experiment and .
are shown in Figures Cl-C65. The experiment duration and

‘the time at which flamlng occurred on. the unexposed side are
shown in Tables Cl1-C3. : :

The effect of each parameter was considered separately. 1In
~order to determine the effect of changes in each parameter,
results of applicable experiments were compared (see Table 1
for groups of applicable experiments). The primary means of
assessing results was to compare the appropriate unexposed
‘surface temperatures. If a .comparison could not be obtained
due to minor changes in temperature during the experiment,

or if supplemental data was desired, a comparison of time to
‘flaming was conducted. Also in evaluating pressure differential,
sample construction - cable type, and sample construction -
opening size, a comparison of visual observations was
conducted. : : :

. 3.2 Effeccuof,Pressure Differential'

Results indicated that for those materials which remained:

- integral during the test and did not allow. a path for gas
flow, the effect of changes in pressure. dlfferentlal was not .
significant.

-In tests with a.positive pressure differential between 0.01.
and 0.50 in’H20 (2 and 125 Pa), no significant change was.
observed in the transmission of heat through the material,
in the timé at which flaming occurred or in the formation’
of cracks in the . decomposing materlal The rate of heat
transmission through the silicone foam and silicone elastomer
materials can be seen by the rate at which a specific
temperature propagates through. the material. The propa- -
gation rate of the 725 F (285 C) temperature was selected
for comparison since it also represents the approximate
front of the char layer. As shown in Fig. 6, the rate at
which this temperature propagated through the material was
not significantly affected by changes in the positive
pressure differential. . For the device the propagation rate
of 300 F (149 C) temperature was arbitrarily selected for
comparison since a specific temperature associated with the
degradation of the material was not readily obtainable.

Fig. 7 shows that the propagation rate of the 300 F (149 C)
temperature also was not significantly-affected by the
pressure differential.



The time . at. whlch flamlng occurred on the unexposed 51de was'~f"'
not -affected by changes in positive pressure dlfferentlal _
~ The times at which flamlng occurred for the experiments w1th
silicone foam are:shown in Table 16. - It ranged from 110 min
to 116 min. This is considered w1th1n the - normal range of
arepeatablllty for failure times (for structural integrity)
of fire resistant assemblies. During the conduct of all the
experiments for the silicone elastomer and device in Groups 3
_,through 6, flaming did not occur on the unexposed side.

‘The formation of cracks in the-decompos1ng material was not .
affected by changes in the positive pressure differential.’

In all experiments which produced flaming failure, propa-
gation of a crack through the material was rapid, usually
occurring within 5 min. after crack formation. Collapse of
the material occurred immediately after the crack propagated
through the material and ignition of the unexposed surface
was almost instantaneous. Because .of this, flame passage
through the crack was not a 51gn1f1cant factor in the
ignition process. :

Testlng with a negatlve pressure dlfferentlal dld not 51gn1-'4
ficantly affect ‘the. performance of the silicone foam material
installed without through openings. One experiment was
conducted at a negative pressure differential of 0.05 in: Hgo
(12 Pa) while a similar sample was tested at a positive

pressure differential of 0.01 in H20 (2 Pa). The time of
failure was essentially the same (154 min for -0.05 in-H20 .
(-12 Pa) and 153 min for 0.0l in H,0.(2 Pa)). However, the

failure mode was different for these experiments. For the

positive pressure differential experiment, the material cracked, -

"collapsed, and the unexposed surface of the material ignited.
In the negative pressure differential experiment the material
cracked, collapsed, and the cable 1gn1ted

Testing with a pos1t1ve pressure dlfferentlal affected the
performance of the silicone elastamer material installed with
through openings. Two experiments were conducted with two -
nominal 0.50 in. (12 mm) diameter holes in the silicone elas-
tomer material created by pulling cables from the bundle

after the material had been installed. One experiment was .
conducted at 0.015 in H20 (3 Pa) pressure-differential,

while the other experiment was conducted at -0.05 in H30

(-12 Pa). During the positive pressure experiment smoke and
hot gases issued through the holes. - However, the gases were
sufficiently cooled that flames from the fire side did not
issue ‘through the holes. After 15 min, the hot gases were
melting the cable material surrounding the holes. The smoke
and gases issuing from the holes was rich in unburned fuel .
and could be ignited by a small flame source such as a

match. During the negative pressure experiment, smoke and

‘hot gases were not observed issuing through the holes. However,
after 27 mins, the radiant heat from the. furnace began to -
melt the cable material surrounding the holes which produced
smoking on the unexposed 51de.
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" 33 Effect Of""F'

'.fThree experlments ‘were conducted w1th a.- flre less severe 1n

”'@1n ASTM EI119. As: expected, temperatures on the. unexposed

"Exposure

'Htemperature than the standard temperature time “curve: spec1

. side of the’ samples for these ‘experiments were: lower. than -0 0
for comparable samples subjected to a ASTM E119- fire. exposureiyf~
(Figs. 8 and . 9). Consequentially, the time to fallure L
.. increased for the samples exposed to the less severe: flre.”
For example, failure occurred :-at 153 mins for Experlment P7 .
_whlle it occurred at 177. mlns for Experlment FCl. '

f3;4» Effect of Changes In’ Sample

fChanges in sample constructlon 1nvest1gated were. conductor

type and size, cable type, conduit or pipe type and 'size,

cable loadlng, and opening size. Results indicate that

,vchanges in flre stop constructlon can effect the perfor—.
mance. -

Changes in conductor type (copper vs. aluminum) affected
..unexposed surface temperatures of the fire stop material - ..
- near the conductor (Fig. 10).  The temperature rise- near - the”
copper 300 MCM cable was greater than at the aluminum. :
300 MCM cable. Increa51ng the conductor size also resulted
in increased temperature on:the unexposed surface of the
flre -stop materlal near the ‘conductor as shown . in Flg ll

‘The phy51cal performance of. different cable jacket/lnsu- .
lation types was compared. It was observed that during. each .
-experiment, the temperature’ of the cable gradually 1ncreasedggj[é
for -about the first4: in. (100 mm) above the base of the

~cable on the unexposed side of the fire stop. . As the

' temperature increased, each cable jacket/insulation material

reacted differently. For example, one.cable jacket/insu-=
lation material melted quickly, drlpped, and the molten _
~material then coagulated into a mass on the surface. Another.
‘cable jacket/insulation material did not melt but- swelled .
and. cracked near the base. :

.The.size,ofgplpe.or conduit affected the temperature of the
surrounding fire stop material as shown in Fig. 12. . Based
upon' the temperature at the material-pipe interface,:the »
‘temperature tended to be .greater near the 3 in. pipe than at’
the smaller 1 in. pipe. The type of conduit, either steel ,
or aluminum, also had an effect on the surrounding fire stop
material temperature as shown in Fig. 13. The temperature -
at the material-pipe interface tended to be generally greater;
near the alumlnum condult than near the steel condult. ’

-7



"~ It was observed that increasing the number of. cables pene-
trating the fire stop increased the temperature of the fire
stop material near the cables as shown in Fig. 14, The
temperature near a three layer bundle of cable was greater
fathan the temperature near- a one layer: bundle of cable.

"f“The size of the openlng appeared to affect the structural

integrity of the material. It was observed that for the
larger openings- 6. in. (152 mm), 9 in. (230 mm) and 12 in.
(305 mm) ;, the materlal tended to deflect downward at the
center of the opening durlng fire exposure. The rate of
‘deflection appeared to increase with increasing opening
size. - This downward deflection tended to affect the
. performance of the material by cau31ng cracks along the
' periphery of the opening, which in turn decreased the
.structural lntegrlty .0of the materlal. ~



',4 Recommendatlons

.-This report has prov1ded only .a: llmlted, qualltatlve assess-
ment of the effects due to. changes in pressure dlfferentlal,
fire exposure, and sample construction. It is recommended
that further study of these. data be’ conducted to determine ;
if other effects can be ascertained, if. quantitative relation-

ships:can be derived, and to deflne ‘further experlmental
data which may be needed.-
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_r:;;fazxi:eﬁmental

Parameter | ‘nExperiments'k-' Descr;ptlon
|Pressure ; 1 ‘P22, P19, | Pressure +2 to. +125 Pa,
- |Differential:| .Pl,-P3,. P5 silicone foam; ‘cables:
: 2 [ ‘P23, P20, | Pressure +2.to #125 Pa;
- .{".pP2, P4, P6-| silicone foam;.no cables
3. |'P9, Pll. 4 Pressure +2 and +125 Pa;
S % “silicone elastomer;  cables
4 7] 'P10,:P1l2. :|/Pressure +2.-and +125 Pa; |’
e " silicone. elastomer,wnoi“
cables SO _
5  |.P13, P15 . | Pressure:+2 and +125 Pa; . |
s _ ' - device; cables S
6. P14, Plé6 - . | Pressure +2 and +125 Pa;
SN IR |, device; no.cables .. .. .|
7 | BP7; P8 ‘Pressure +2-and -12 Pa,_
: - 3 ‘silicone foam; cables .
.8 ‘P21 Pressure +125 Pa; . s1llcone
- o ‘foam with formed .crack
9 |1 P17, P18 -Pressure+3 and -12 Pa; i
R ~silicone ‘elastomer with T
two holes. created by cable R
pull : i '
|Fire | 10 FCl,‘FC2;“"1Sili¢one;F0am fgleSSiSeVere;z ‘
Exposure .. L - __temperature-curve - . 2
= 1 PT7* ‘Silicone Foam - ASTM E119 [ .~
N temperature curve: |
111 [FC3 “Silicone .Elastomer --less |
S severe temperature curve
{CcL1* Silicone Elastomer - ASTM' .~
28 I E1l19 temperature curve -
Sample , 127 . CTl, CT3 - |:300 MCM CU-Cable
|(Conductor | CT2, CT4 300 MCM AL Cable
Size & Type). 13 Cs1 3C/12 AWG Cable - Slllcone
: ' - “Elastomer
cs2 7C/12 AWG Cable - Slllcone
. "Elastomer
CT1l* 300 MCM Cable - Slllcone
' Elastomer

* - Experlment used for . comparlson with others
in group - :

- 11 -




Table 1 (gont'd)

‘Parameter -

sS4

'Gfoup . Experiments Description.‘
14 | CS3 _lacn - -
| CS4 7C/12 AWG Cable - Device
CT4* . 300 MCM Cable - Device
Sample 15 | T1 . Cable Type A - Silicone
(Cable Type) L Elastomer '
- : T2 . Cable Type G - Silicone
- : : Elastomer '
-1 T3 , Cable Type H - Silicone
R ‘ i . Elastomer -
'CS2* ; Cable Type F - Silicone
,; Elastomer
16 |- T4 ' Cable Type A - Device
_ CS4? { Cable Type F - Device
' lsample 17 | Ppsl_ "1 in. Steel Pipe
|(Pipe) g PS2 3 in. Steel Pipe
Sample 18 CD1l ‘1 in. Steel Conduit
(Conduit) CD2 - i 1. in. AL Conduit
| 19 CD3 3 in. Steel Conduit
' CD4 {3 in. AL. Conduit
Sample 20 crl ' One Layer of Cables
{Cable CL2 gThree Layers of Cables
Loading) SR |
Sample 21 sl - {2 in. (51 mm) Opening
(Opening) - S2 . - 6 in. (152 mm) Opening
S3 9 in. (230 mm) Opening
12 in. (300 mm) Opening

* - Experiment used fo

in group

- 12 -
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'Sample

‘Reference

100 .

101

102

' SF

gR

o
0

*
It

 TABLE2 ¢

, PressureuDifferentialsSamﬁiés -

: - " Fire Stop Material - _Hole 1 - Hole 2.
~Floor Slab - . - Thickness, Cable Cable .
Type . No. . Type . In. (mm)_r Type* No. Type No.

‘I 5 . SF - 6.0 (150) A 3. None
T 2 'SR . 6.0 (150) A 3 None

‘I 2 D '~ 3.75.(95) A 3 None

Silicone Foam
“Silicohe Eléstomer'}

‘Fire .Stop Device

'vaSée~Appendix?A'

-13 -




‘Sample

Reference.

103
103%*

103***

SF: =

» SR .

*

* %

Tkdk =

Floor Slab '~~~ Thickness, Cable"
Type No.  Type In. (mm) Type* No. = .

n.lPressure leferentlal Samg;es

Fire StQE,Materlal f: v o .:e ? ]*?

11 2 SF. 6.0 (150) B .1
IT . 1 _ SF . 6.0.(150) . B 1

CII 2 SR 2.5 (64) B 31 .

'.Silicone_Foem
.-SiliconevElastomer-'ﬂ»
>See Appendlx A

" Fire stop formed with a 0. 38-in. (10 mm}- w1de

by 9.5 in. (240 mm) long by 4 in. (100 mm) deep
-crack, as seen from the unexposed 51de, along
one edge of the openlng.

. fFlre.stop'formed with two holes caused by o
- pulling cables out after material had ‘cured. .
- ‘Cable tray used as raceway for the cable bundle. -

Co14-



TABLE 4

Fire Exposure Samples

FPire Stop Material

Sample Floor Slab Thickness, Cable
Reference Type No. Type In. (mm) Type* No.
104 B & ¢ 2 SF 6.0 (150) B 1
105 II 1 SR 4.0 (100) A 11

SF = Silicone Foam
SR = Silicone Elastomer

* = See Appendix A
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. TABLE 5.

wSamplé Coﬁétfubtionsué Conductors

R
UMD

 “oN_»2d4j,

°1qed

(0ST) 0°9 ¥
(s6) SL-¢€
(56) SL°€
(S6) SL°€
(S6) SL°€
(S6) SL°€

(e aYaNaW=R7)

@) -ur  °dAL
! §S9UNOTYY,

TeTaxajew dols a@i11d

. T 9TOH

WAl madmm L e, 6 e S et s

T 9  (0ST) 0°9
1 ¥ (0ST) 0°9
1 4 (0ST) 0°9
1 E (0ST) 0°9
T c (0ST) 079
1 2 (0ST) 0°9

..dmm NEY 1,61 (unu)  -uft

» .

¥ xTpuaddy 83g
oo1Aa2g dO3s @aT4

IsuwolseTd maooﬂﬂﬁm

4s
4s
4s
s
- ds
s

e -
o b

meB.;oz xodX],

°1qed . fsSOUNOTYL

TetaojeW dols 8i1td

qels 1001d

T ®TOH

qs

I1T
011
60T
801
LOT
901

aouaIa3oy

a1dwes

-16-
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"~ stop materiél;

TABLE6

' 'sample Constructions - Berietrating Items

o sample ‘Floor Slab . Penetrating Items Cable .Per Item
‘Reference Type* No. _Type No. Size** Type ~ No.

112111 Steel Pipe - 3 1  -None
- : " . Steel Pipe. - 2 3 None .
113 “II 1 ~ Steel Conduit 3 1 A
‘ o : Steel Conduit 2 3 A

W

A
114 - II 1 ‘AL Conduit 3 1 -~ A
' AL Conduit 2 3 A

w

'silicone elastomer, 4.0 in. (100 mm) thick, used as fire.

%*

See - Appendix A

* *

1]

Trade Size (In.)

-17-




TABLE 7

_Sémple Construétidns - cable Loading - i:

R . }Fife Stop Material ~
sample - Floor Slab . Cable - Thickness,

Reference Type* No. Type* No. ' Type  : In. (mm)
115 - 1 1 a 11 SR . 4.0 (101)

116 .. 1 1 K 33 SR 4.0 (101)
cables installed in 6 in. wide cable tray. |

SR = Silicone Elastomer

U

SeeJAppendix A

-18-



“Sample Constructions ‘- Opening Sizes =

T ] - “ Fire Stop Mafefieli,
‘Sample - Floor Slab.- Hole Dlameter - Thlckness,
~Reference Type* 'No,'ﬁslze In (mm) Type In. _(mm)

117 - IIrc 12 (s1) and _ SF . 6.0 (150y;;a.;,
L T ﬁ’-~,”“{£,6 (150) . g :_; S
L1 IV 10009 (230) o VV-I'“SF j"6‘-'0"(15'0)51-'-', L
o119 ’i‘, v ;l:whlZ (300)»',< ~ SF - 6.0 (150) ..

'1f2All samples lnstalled w1thout cables v?

Slllcone Foam '

%

See Appendlx A
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TABLE 9 -

Pressure Differential Experiments

‘Sampie

Gfoup ,Experimeht ~ Pressure General
No. Identification Reference 1In H20 (Pa) Description
P22 1000 40.01 (+2) - |
P19 . 100 - +0.05 (+12) Silicone foam
1 Pl 100 -~ +0.,05 (+12) with cables
P3 100 +0.50 (+125)
P5 100 +0.50 (+125)
| P23 100 +0.01  (+2)
P20 100 +0.05 (+12) L
2 P2 100 +0.05 (+12) " Silicone foam
P4 100 +0.25 (+62) without cables
P6 100 +0.50 (+125)
3 P9 101 .+0.50 (+125) Silicone elastomer
P11l 101 +0.01 (+2) with cabkles
4 P10 o101 " +0.50 (+125) Silicone elastomer
Pl2 101 +0.01 (+2) without cables
- P13 102 +0.05 (+12) Device with
P15 102 +0.50 (+125) cables
6 Pl4 102 +0.05 (+12)  Device without
' Plé6 102 +0.50 (+125) cables

.=20-




: PresSufe"foférenéiéi’Experiments

Group ' Experiment -Sample_" Pressure Géneral )
No. = Identification Reference 1In H20 (Pa) _ Description

o P70 7103 +0.01 (+2)  Silicone foam
P8 . 103 . =0.05 (~12) with cable
'§ P21 . 103* - +0.50 (+125) Silicone foam with
‘ L L SRR I : formed crack N
P17 - 103%*% 40,015 (+3) sSilicone elastomer
P18 . . 103*** 40,05 (-12). - with two holes .
o e Co T o : ' created by cable

-21-



Fire EXQosure Experimenfs

Group Experiment . Sample . - General =
No. Identification. Reference _Description

FCl " 104 Silicone foam

10 Fe2 . 104 - with cable

11 FCc3 105  silicone elastomer
o o : . .-with cables ’

ExperimentS'conduCted withifurnaéeﬂtempéraﬁure controlled
‘as- shown in Fig. 5. R - L Lo

o-22-



vﬁ;jfsaméléfEiéériﬁénféJ behduCtor-Type~§~Siéég

Group ' ‘Experiment . Sample. . General
No. Identification.'Referenceiz a : Descrlptlon

12 So.¢cT1 - . 106 LffSilicone elastomer - 300MCM Cuff
..cr2 . 106  Device - 300MCM Cu. o

- CT3 © 107+ “Silicone elastomer - “300MCM. ALf:f
cT4. - . ...2107 . .Device - 300 MCM AL o

13 esl.: . .- 109  silicone elastomer - 3C/12 AWG' - .
: cs2. ~.108 . -silicone elastomer = 7C/12 AWG ..~

14 . ¢cs3 . -~ 109 = ".Device - 3C/12 AWG
: - . -C84- -~ -108  Device - 7C/12 AWG

-23~



_TABLE 13 . :

. Sample Experiments - Cable Type . .

”;;Grdup o Experiment.'v-rSample” . : N .
No. “Identification - Reference - General Description

- T1 . w110 - Silicone elastomer
: o ' - "~ Cable Type A
- 15 . T2 o111 Silicone elastomer
I ST T : Cable Type G
T3 o v 11l " Silicone elastomer
- ’ Cable Type H

le T4 o  all0_»  "Device.- Cable Type A

_;24_



Gfdup

SampleiExperimenfsf-VConduitwofwPipngyﬁe”&vSize'

. maBLE 14

Experiment

- No.

17
18

19

Idéntification

pel

© . PS2.

_ecpl ¢
cDh2 -

cD3 .
“‘Cbhb4 .

: l‘k\iil3'

sample

'Reference

RS
112

113
114

© 114

-25~ .

W

Ww e

in.
"in.

ino’

in.

in.-

in.

GeﬁéralfDeséription

‘steel pipe

steel pipe

steel conduit

AL conduit

.steel conduit~
“AL conduit =




. _TABLE'15 -

. gample Experiments .~ Cablé Loading '

Groﬁp:_ - “Experiment =~ sample . 0 S
No. = Identification = .Reference - 'General Description - =~ e

gLl . v 771157 . One layer of cables

. 20 cL2 - . 116 fThree'laxe:s~qf_cablesug’u 

- -26-



 '-TABLE'l6

- ifSaﬁplerExperimenth- Size

Group - _Experiment - = Sample. General
No.  Identification Reference Description
sl ' 117 2 in. (51 mm) opening
82 . : 117 : 6 in. (152 mm) opening
2L 53 : 118 -9 in. (230 mm) opening
sS4 - 119 12 in. (305 mm) opening

-27=-



.,'.i.

I

.. .Flame Occurrence. Time - Pressure Experiments -

. iPressure in H20:.(Pa) __Experimeht?Identificétion“fiTime (Min)

i

0425

. _7, .

+62

o 0ls0 4125

o1

‘P3
PS5

-28-
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SMALL 'SCALE- HORlZONTAL
EXPOoU RE FURNACE ER R

"vﬂi;ﬁfmff“W4%T;5F%ﬁ£{fff:_' 

¢f?./ﬂ "f”"“' ;;'; o
? ‘ [ﬂ ..\36:(36 SAMPLE’..’Lml Al

L 31 Y 77,77, THERMOCOUPLES

. A 720147
o /2227/),*,w_‘_v; RNNNE 77 7/, | R
ez o gZAl :
.'JT'gézgzﬂ. ‘ S %27A4 A
- Weza o VAl piots
77, 7// N 77/ .z&:" '
N, : : N 22 777 |

/f/jmw 2
T 1] b ”v]-“Jl'lﬂé;_‘

" (-‘MULTI-J_ET ‘GAS BURNERS |

: : 60 3/4
FLJE 6-1/2"x4- |/2

36 x36 SAMPLE’ W7

N
/

' ;Figuré'3-f Furnace
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.APPENDIX A

.ae3sample’Details

_ Floor Slabs - The relnforced concrete floor slabs were B
~ 036 in. (915 mm) by 36 in. (915 mm) by 6 in. (150 mm) thick.
"The slabs were cast with openings as shown in Fig. Al. The

concrete consisted of one.part Type I portland cement, -
2.13 parts sand, and 3.45 parts gravel by bulk volume and .
mixed with-about 7 gal of water per bag of cement.: The
strength of .the concrete, as determined from standard 6 in.
(150 mm) by 12 in. (305 mm). .cylinders aged 28 days at room
temperature, ranged between 3290-3430 psi (22.68-23.65 MPa)

... ~and averaged 3350 psi (23 10 MPa) ‘The 28 day unit weight
-was 146.7 pcf (2.35 Mg/m ). : B

Slllcone Foam And Silicone Elastomer - The materials

- were two-component silicone systems. The mixing ratio of

Parts - A and B was 1:1 on a volume basis and in accordance
with the manufacturer's installation instructions.  The free-

'rise densities were between 27.5~32.0 pcf (0.44-0. 51 Mg/m )
" for the silicone foam and 86.0-89.0" pcf (1.38-1. 43 Mg/m3)
’for the 51llcone elastomer.

\‘Flre Stqp Device - The devices used—chSisted'of'three
components. -Steel pressure discs, 0.365 in.. (9 mm) thick,

‘were located.one at the top and one at the bottom. Between

" the steel:discs were two layers of 1 in. (25 mm) thick
intumescent material with a.1l in. (25 mm) thick neoprene

‘'grommet at the center. The devices were installed by
tlghtenlng screws until the grommet material squeezed around:‘a
the cables and the 1n51de of the openlng.

Cables - Seven-types-ofrcables were used in ‘these

- exXperiments. Details of their construction are shown in |

Table Al.

Cable Trays - The cable tray used was a steel, open-
ladder type, nominally 6 in. (150 mm) wide, with 3.375 in.

- (86 mm) side ra11s,>and a 9 in. (230 mm) spacing between

rungs.

Pipe And Conduit - The 1 in. and 3 in. trade size, =
schedule 40 steel pipe was used. Also 1 in. and 3 in. rigid
steel and aluminum conduits were used.
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Cable

G -

5 Conductor '

7/12AWG_

N | _7/12'z§v‘v.c;»
'7/12AWG
| 3/1@(; "

308MCH

300MCM

S

" Type No. /Slze g‘zg_e_ Generlc Descrlptloh

Cable Crogs

Section”
Dlaxreter ’

(M)__'

' Approx1mate
-Conductor &
, Insulatlon/,, ST
T . Jacket " .. ::-:
Insulatlon/Jacket Thick'ne_s’s, T Cable

Mater1al o In. ’(n'm) Jacket Materlal

“Jacket

R—Hypalon/Hypalon 0. 785 E

" PE-PVC/PVC |

PE-PVC/PVC .

- 0.493

'_"'0445"'.
= (11 3)

0,832

~(19. 9)

(12,5

0.515 -
(3.1

ole21

(20.8)

) (21.1)

, "'Pdlyethy'lene/
: Polyv:myl chlorlde (0 74/0 31) chlorlde__

. f Polyethylene/

sulphonated poly—
ethylene o

b"'Crossllnked o 0030/— Cmssllnked .
o polyolefm . _ 7(0 76/— polyolef;m
- 5.3y

0. 029/0 012 Polyv:.nyl

'"Polyvmyl chlorlde/ 0.022/0.006 Polyvmyl
- nylon - B (0 56/0 15) chlorn.de"_

'Polyv;Lnyl ch.lorlde 0 149

(3 78)

Polyvmyl chlor:Lde 0. 140
) B (3 56)

0.039/0:012 PolyVJ.nyl' o
. Polyvmyl chlorlde (0 99/0 30) Chlorlde o

ooz e

. 0.050 (1:3) -

. 0.056 (1.42) -

Teable
- Thlckness,-_f:__-
( )

;Ethylene propylene 0. 028/0 017 Chlorosulphonated 0. 134 (3 4)' *
‘rubber/chloro~ (0 71/0 43) polyethylene : o

- o = e e m e ke
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TYPE IV . mypEV

ALL SLABS - NOMINAL 36 x 36 x 6 IN. THICK _ . =«

 Figure Al - Floor Slabs
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APPENDIX B.

Instrumentation

e Unexposed Surface Temperatures - Temperatures on the
_5unexposed surface. of*the fire stop were measured with
*"No.. 28 gague Chromel Alunmel" thermocouples. The. thermocouple
- bead was held agalnst the surface and covered with a 0.75 by
. 0.75 by 0.156 in. (19 .by 19 by 4 mm) asbestos. pad. Locations

Tf‘of these thermocouples are. shown in Figs. Bl = B21

) Flre Stop Materlal Temperatures - Temperatures within
- the 'silicone elastomer in experiments P1l, P3 and P5 were
measured with No. 28 gauge Chromel Alumel thermocouples with

' "“a 0.062 in. (1.6 mm) diameter inconel shield. Temperatures
“'between’ layers of the device in experiments P14 and P16 were

measured with unshielded No. 28 gauge Chromel Alumel thermo-
, couples. :The: locatlons of these thermocouples are shown in
o Flg B22. B

Furance Temperatures - Furnace temperatures were measured'
.with three shielded’ thermocouples -of the type spec1f1ed in
" ASTM E119. ' The thermocouples were located 12 in. (305 mm)
* from, the exposed surface. and. symmetrlcally distributed

w1th1n the furnace chamber. T

Pressure leferentlal'- The pressure dlfferentlal at the.
exposed surface with' respect to the unexposed surface was
measured with probes connected to a manometer or electronic
barometer.. The' probes were located as shown in Fig. B23.
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-vLocatioh

In contact w1th cable jacket and 51llcone foam
1/2 'in. from cable S : : ‘
3/4 in. from cable

1 in. from perlphery of" 5111cone foam
Center of slllcone foam 3 S

Group 1 Thermocouple Locations
Fig.'Bl B
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Bl - .-

B2

.CcL
c2

Locatlon

“ At perlphery of 5111cone foam Cn e

1/2 in. from periphery of 3111cone foam

- .. Center of:silicone. foam S
o 1- 1/2,1n. from perlphery of 5111cone foam_”'

o Group 2 Thermocouple Locathns o
: Flg B2 .
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»‘fIn contact w1th cable jacket and 5111cone foam
1/2- 1n. from ‘cable - .
- 3/4 diny ‘from cable . & .° SOV
ol iy from perlphery of 5111cone foam
'~jCenter of 5111cone foam

"LOCaﬁion"'

Group 3 Thermocouple Locatlon
~ Flg B3 g



B PR o ___Location

Bl . At perlphery of silicone foam
B2 1/2 in. from periphery of 51llcone foam
cl- . Center of silicone foam

CZ ‘ fl 1/2 1n, fom perlphery of 5111cone foam

Group 4 Thermocouple Locatlons
Flg B4
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- Location -

1/2'1n. from cable -
©3/4 in...from cable ' . caT . _

1/2 in. frem perlphery of dev1ce',;ff

Center of . dev1ce . U o

Group 5 Thermocouple Locatlons
Flg.,BS
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. Location

1/2 in. from periphery of device
1-1/2 in. from periphery of device
1-1/2 in. from periphery of device
1-1/2 in. from periphery of. dev1ce"
Center of device _

Group 6 Thermocouple'Lbcations
Fig. B6 '
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. oAl
+B2 ® - e C2
.AZ ’
gL
Al 1/2 in. from cable |
A2 3/4 in. from cable ,
Bl At periphery.of silicone foam
B2 1/2 in, from periphery of silicone foam
Ccl 3 in. from periphery of silicone foam

c2 -3 in. from periphery of silicone foam

Group 7 Thermocouple Locations
Fig. B7
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:.53- B4 B5S  Bé
oCl
R
A4
'_WWQBIIjJ
iocation'

- - In contact with cable jacket and silicone foam
. In contact with cable jacket and 31llcone foam
'1/2 in. from: cable - :

3/4 'in. from cable

- At perlphery ‘of silicone. foam'5v~-- ‘
"1/27in. from" periphery -of’ ‘silicone’ foam

At perlphery of ;crack in: foam:

. :2-5/8"in. from- centerllne, 3716 in. from perlphery

On centerline, 3/16 in. from perlphery

2-5/8 in.. from centerline, 3/16 in. from perlphery
© 3 in.. from periphery of silicone foam
J 3in. from_perlphery of silicone foam

 ; Group 8 Thermocouple Locations
' -Fig. B8 :
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Al

B1
B2
cl

2
c3

qunc»nunnnnc

ANSANOANSNCASIACAA

Locatlons

*fIn contact w1th ‘cable jacket and 5111cone elastomerg

Over center hole' in silicone. elastomer

‘Over center hole in 5111cone elastomer
“1lin. from cable.
.Center of- hole 1n 5111cone elastomer

Center of hole 1n 5111cone elastomer_

;Unexposed surface in: contact w1th tray and s111cone

elastomer

-1 in., from tray

1 in. from tray

"In contact with cable. jacket cable tray,and

5111cone elastomer ;
At periphery of slllcone_elastomer
At periphery of silicone elastomer

- 1-1/2 in. from tray

1-1/2 in. from periphery cfiholev
2-1/4 in. from periphery of hole

Group .9 Thetmocouple-Locationsv
- "Fig. B9

=55-.




Al
A2
Bl

B2
. .Cl
S C2

- 1/2 in.. frbm cabié 

B Y] SR
B2 @ o ec2
RV T A

- L B'

Location. @

3/4 in. from cable"

‘ ;At perlphery of slllcone foam . '
'1/2 in. from periphery of: 3111cone foam~,‘
3 in. from periphery of silicone foam -

3‘in._from perlphery of 51llcone foam

Group 10 Thermocouple Locatlons
Flg BlO
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Al

A2
A3
A4
A5

A6
A7

A8
A9
Bl
B2

Cl
c2

cz

LB

Locatibn

In contact with cable tray, cable jacket and
silicone elastomer '

In contact with cable jacket and silicone elastomer

Center cable in contact with cable jacket

In contact with cable jacket and silicone elastomer

3 in, from edge of tray, 3-3/8 in. from back of
tray A

1-1/2 in. from tray

1l in. from edge of tray, 1-1/2 in. from front of
tray

1l in. from tray

1l in. from tray

In contact with silicone elastomer and concrete

At periphery in contact with concrete and silicone
elastomer

2-1/4 in. from periphery of hole

1- 1/2 in. from periphery of hole

Group 11 Thermocouple Locations
Fig. Bll
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- Location

'1/16 in. from cable jacket-
~1/16 in. from cable jacket
'1/2 in. from cable jacket

1/2 in. from cable Jjacket .
..1/4 in. from periphery of hole

‘Group 12 Thermocouple Locations
- Fig. B12 | M
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T.C. E . - - Location -

Al ',‘-1/16.ih;-from_cable jacket -

A2 1/16 in. from cable jacket
. A3 1/2 in. from cable jacket -
" A4 ~.1/2 in. from cable jacket.

Bl .o 1/4 in.'from—periphery-of:hole;;

- Group 13 Thermocouple.lLocations .
: Fig. B13
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Location . . -

~1/16 in. from cable jacket
1/16 in. from cable jacket

.+ 1/2 in. from cable jacket
1/2 in.. from' cable jacket . = -

" 1/4 in. from periphery of hole

“¢._Grdup;l4 ThermoébupleuLocatioﬁs

- Fig. Bl4 R R

E — 6 0— :'




ALocation »

1/16 in. from cable jacket
1/1€ in. from cable jacket

"1/2 in. from
1/2 in. from'

1/4 in. from

~1/2 in. from

1/4-in. from
At periphery
elastomer

'1/2 in. from

cable jacket
cable jacket
cable jacket
cable jacket

periphery of hole

in contact with concrete and silicone

périphery of hole

1-1/2 in. from cable jacket

Group 15

Thermocouple Locations
Fig. B15
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Al
A2 -

A3

A4

"Bl

Locatlon

fl/l6 in. from ‘cable jacket
-~ 1/16 in. from cable Jacket
-1/2 irn. from-cable jacket -

1/2 in. from cable jacket

"1/4 in. from perlphery of hdlé

Group 16 Thermocouple Locatlons

Flg Bl6
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gy A | Bl |
o0 O A3
" )

- ‘Location

’In contact thh plpe and 51llcone elastomer

2- 1/2 in. from perlphery, 1/2 in.. from center plpe

2= 1/2 in. from. periphery, :1/2 in.. from pipe
"1/2 .in. from pipe, 3- -1/2 in. from periphery.
In contact with 3 in. pipe and 5111cone
13- 1/2 in. from periphery

1/2 in. from center of 3:in.- plpe

At periphery in contact w1th concreté and s111cone

‘elastomer
5 in. from periphery

Group 17 Thermccouple-Locations
"Fig. B17
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A2 -
A3

c1 -

j'In ¢ontact w1th plpe and 81licone elastomer S '
L 2-1/1 in. from perlphery of hole, 1/2 in. from. plpe,
. 2-1/2 in, from perlphery of hole, 1/2 in. from pipe U
At periphery 1n contact w1th concrete and 3111cone o

Locatlon

elastomer

; , 5 1n. from perlphery of hole__'“

Group 18 Thermocouple Locatlons
F;g Bl8 ' :
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0 00

LS

° ‘ ’0A4
_ Aé
A7
i pogéiion

1/2 in. from pipe, 3-1/2 in. from periphery

In. contact with silicone elastomer and 3 in. pipe
3-1/2 in. from. periphery

- 1/2 in. from center of 3 in. pipe

Group 19 Thermocouple Locations
' Fig. B19
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-~ All

- C2

" Corner of cable tray in ‘contact with cable tray, cable

Center of cable 1n ‘contact with . cable jacket and silicone

and 3111cone elastomer
cable jacket and silicone

hole
in contact with tray and

cable jacket ‘and silicone

concrete and silicone

concrete and silicone

N |
A
LBl b Bﬂ'
T.C. LocatiOn
Al
L - jacket: and. 5111cone elastomer
. A2
. elastomer ,
A3 In contact with center cable_
A4 - Center cable in contact with
: . elastomer
- AS - 4-5/16 in. from periphery of
Ab '1-1/4 in. from back of tray,
R silicone elastomer
A7 .l in. from~tray
A8 ‘1'in,'from*tray
- A9 . 1 in. from tray
© Al0- Center cable-in contact w1th
. elastomer
"1l in. from tray
Bl At périphery in contact with
- . elastomer '
B2 ' At periphery in contact W1th
elastomer .
cl - 1-1/2 in. from perlphery of hole

7'2—1/4 in. from periphery of hole ' -

: Group 20 Thermocouple Locations

Fig.- B20
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B4 ff

Cl

. C5
.. C6

e

.~ C8
C9

- °C3 -
“Ga

'Locatiohn_

',At perlphery in

foam

bjf°At perlphery in

foam :

“'At perlphery_ln

foam =

UfAt periphery in

foam
Center of 2 in.

- .Center of 6-in. , ) ,
~1=1/2 in.. from periphery of hole
: ‘diameter hole
+-.2=1/4 in. from periphery of hole

- 2=1/4 1n.;from periphery of hole
Center of 12 'in.

Center of 9 in.

contact w1th concrete

contact w1th concrete:
contact with concrete
'contaCt'with,conCretei

diameter-hole -
.diameter hole’ .

dlameter hole

3-1/4 in. from periphery of hole

- 3-=1/4 in. from periphery of hole

Grogp_éi'Thermocouple Locations

ﬁ__*67f':"

.end

end7

and

‘and

;silicohe.

"5111cone:

5111cone

s;l;cgne :



P2, P4, P6

P14, P16

o , o . SECTION B-B

SECTION A-A

® THERMOCOUPLE LOCATION

- Figure B22 - Location Of Thermocouples Within
"Fire Stop :
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& 1
ot
- 17" *-I
-36"
Y

e ‘ 38"

Pressure Probe Location
Fig. B23
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“APPENDIX C

- Experimental Results

Unexposed Surface Temperatures - The recorded temper- ST
- ature of each thermocouple was plotted wversus time for each - - .
experiment. These graphs are shown in Figs. -C1-C65. G

Egpériment Duration And Flaming Times - The experiment o ‘
duration and time at which flaming occurred on the unexposed ‘ B
51de are shown in-. Tables Cl—C3 S .
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. Table Cl ..

”;Dufation;And TimeﬁTo’Flamingf- -

For Pressure Differential Experiments

Pl

NR - Flaming did not occur during .experiment

"Experimehp-;, ;v_Durationv(Min-):;ff ,Time To Flaming (Min.) " _
- p22 215 | NR.
P19 88 86
117 116
p3 112 110
113 112
p23 215 7208
P20 88  NR
p2 117 NR -
P4 112 " NR
D6 113 NR
P9, P10 270 NR

P11, P12 . 245 _NR
P13, P14, P15, .

P16 : 185 NR
p7 155 153
P8 156 154
P21 106 104

P17 125 *
P18 125 NR

* - Smoke, rich in unburned fuel, which issued 

through hole was ignited by match several

times during the experiment -
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- Table €2. .

For Fire Exposure Experiments- .~ e

‘?]EXperiment T Duratipn (M}h,);-' :E;Tiﬁe?T°:Flamih951Min-) 5 '

- Fcl S 180 o amt o
© FC2 - S2120 0 o211
FC3 . 210 . . NR

NR - Flaming did not occur during5exPeriment_

fejjp__'



" Puration And Time ToFlaming
o . .For Sample Experiments '

Experiment

.CT1,

cr2

7ECT3,5CI4~v

es1,”
.83,

cs

g T

“cpl,

CD3, -

cLl,.

sl
82

PS2

cpl .
CD4

cLz

L83

g45 el
245

- puration (Min.) - Ti

245

: .‘2>45 '

245

270

2700
56

120

L1320
125

~'NR

NR

L1119

S R
24

 NR ;fFlaminggaidJnotjoccur7dﬁringxekpériméntﬂl f“
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