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ABSTRACT

Fire tests of foamed silicone seals for electrical
and pipe penetrations have been performed using a
furnace with temperature control as heat source.
The tests were performed in principle in accordance
with the requirements of NORDTEST 5A (ISO 834).
The purpose of the tests was to obtain appropriate
fire ratings for different seal thicknesses.

The report covers.

Description of material used to prepare
the seals and method of application

Description of furnace test assembly and
method of performing test

Listing of penetrating elements and of
the thermocouple array used to measure
temperature

Curves of thermocouple readouts and photo-
graphs of seals during and after comple-
tion of the test.
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1. INTRODUCTION: Purpose of TEST

A previous report was devoted to a preliminary

testing of fire inhibiting penetration seals

based essentially on foamed silicone elastomer \1)

These preliminary tests concerned both trial of

the material in a furnace and also a full-scale

demonstration before an invited audience. No

attempt was made at that time to obtain specific

fire ratings for the seals exposed to fire.

The tests described in the present account were

designed to provide information on which to base

a more qualified judgement concerning the fire

resistivity of silicone foam penetration seals,

and of related flexible-boot seals, for use in

cable and pipe penetrations and fire stops. For

this purpose the tests were performed using a

furnace which allowed the temperature to be

increased in graded steps in accordance with

internationally stipulated conditions (2).

Three different thicknesses of foamed silicone

were used for the cable penetrations and these

seals were exposed to fire for times that in-

creased with the seal thickness. Changes in

these seals were followed by the author and an

independent referee, both during and immediately

on conclusion of the test. From these observa-

tion." it was possible to assign appropriate fire

ratings.

Two pipe penetrations were also tested. These

comprised a single pipe passing, in one case,

through a thickness of silicone foam and in

the second, through a flexible boot. In this

latter instance the fire seal comprised rolls

of aluminium silicate-fibre blanket coated on
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one side with silicone foam and inserted into

the penetration cavity. On the non-fire side of

the seal, a barrier to smoke and gas was provided

by silicone-impregnated, glass-fibre fabric

secured to the projecting pipe at one end and

to the supporting furnace block at the other.

Such a seal provides considerable freedom of

movement for pipes projecting through walls and

floors of fire cells.
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2. DESCRIPTION OF PRODUCT

2.1 General Aspects of CT-18 Silicone Foam

Silicone foam, Chemtrol CT-18/Dow Corning 3-6548

RTV* is an elastomeric foam produced by the

reaction at normal room temperature between two

silicone polymers in a precise 1:1 ratio by

weight or by volume. These two components, desig-

nated A and B, are condensed in the presence of a

trace of a platinum compound acting as a cata-

lyst. The reaction rate is governed by the addi-

tion of a stopping agent in an amount dictated by

the time required to achieve a satisfactory level

of homogeneity in the mixture. In the case of

CT-18 silicone, the time interval to gel the

emulsifed mixture has been optimized at 1.5 min

at 21°C assuming that effective mixing is achie-

ved within 0.5 min (see section 3.2 below for

a description of the method for dispensing and

mixing the A and B components).

'I:

Component A is a blend of silicone polymers

containing carbon black which, according to the

manufacturer, improves the fire resistance of

the final elastomeric foam. Component B is a

second silicone polymer blend containing the

platinum catalyst and the stopping agent. On

mixing A and B, hydrogen is generated as a

product of the condensation reaction and is

trapped in the viscous mixture. As the reaction

proceeds, the mixture swells under the influence

of the entrapped gas. With a precise 1:1 ratio

for the A and B components and effective mixing

so that this ratio is achieved even at the

local, sub-millimetre level, a fine-pored foam

with a pore size in the range of 0.1 - 0.5 mm is

achieved after roughly 2 min.

RTV = Room Temperature Vulcanizing
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The density of the final foam is of the order

of 300 kg m~ but may be as low as 250 kg m~ .

Densities in this range are considered to be

optimal for sealing purposes (see section 4.9

below for density measurements as a means of

quality control). Since the A and B components

have a specific gravity of roughly 1 previous to

mixing, the density of the foam mentioned above

implies an expansion by a factor of 3 - 4 for

the liquid fill. The force generated during this

expansion serves to drive the liquid emulsion

into any narrow spaces that may exist between

cables and/or pipes that are located in a pene-

tration or between these objects and the walls

of the penetration itself.

The minimum curing time for the 1:1 elastomer is

24 hours at 22°C after which the foam is regarded

as having achieved its final fire* resistivity.

Properly cured foam is dry to the* touch and at

temperatures up to at least 400°C it is chemi-

cally inert. A slight weight loss is recorded at

425°C due to the volatilization cf some organic

components of the silicone, but the elastic

properties are unimpaired, at least over periods

of several days. As a result of this high ther-

mal stability, CT-18 has good ageing properties,

both as regards thermal ageing and even radia-

tion ageing. Thus studies performed by the

manufacturer, Dow Corning, indicate that at

temperatures up to 50°C, a life expectancy of 20

years can conservatively be assumed with virtu-

ally unchanged elasticity.

On heating above 600 C, the silicone foam under-

goes oxidation and at 720°C is ignited. While

the organic components oxidize to C02 and H-0

vapours, the main O-Si-O-Si-0 part of the mole-



STUDSVIK ENERGITEKNIK AB STUDSVIK-79/2

1979-03-05

cule is oxidized to SiO-. This remains on the

surface of the burning foam as an ablative

coating and thus hinders the further penetration

of oxygen to the still unreacted surface. As a

result the consumption of the silicone foam at

the fire temperature progressively falls with

increasing time. Because of the low thermal

conductivity of the foam, the silicone mass that

lies behind the immediate reacting surface of

the seal is not exposed to temperatures which

might lead to thermal decomposition.

The foam features a high degree of closed poros-

ity (in excess of 95 % by the breathability

method). This means that the foamed-in-place

silicone penetration seal is a barrier to water

and other liquids and to smoke. With the excep-

tion of slowly diffusing gaseous components, it

also serves as a barrier to gasses.

A list of the relevant properties is given in

the next section.

i

i
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2.2 Typical Physical Properties of Cured Fo

(Mixed O M Part A - O M Part B and cured at 22°C for a mini-

mum of 24 hours.)

Description

Appear.
Density

Closed cell content

Themal conductivity cal

Test Method

CTM*O176
CTM 0812 power mixed for
30 seconds and cured in
non-confined Cheatrol
container »1516
CTM 0826
Breathability Method

CTM 0224 Cenco fitch •

fcasults
Dark Gray-black
Not less than
240-315 kg/m3

< 95 Z

tthod — 7.53 W/M2 °C

K Factor, 280 kg kg/i
CreaM t i

foam

Tensile strength,—
Lap shear (cohesive) tensile

CTM 0749 -
CTM 092A -
CTM O137A

strength. CTM 0243

Peel strength (180° cohesive) CTM 0293 —
Compression deflection,
at 20 Z compression CTM 0525 —
at 40 Z compression ------ —
at 60 Z compression —

7.8
1.5 min

227.5 •

241.3

35.7 kg/i

10~2 W/i

103 S/m2

103 N/a2

— 35.9 • 103
 N / M 2

—69.6 • 1 0 N / m .
— 146.2 • 103 N/m'

* CTM or Cooperate Test Methods is a unified series of tests employed by
Dow Corning specifically for their products. These methods are based on
existing NBS or ASTM tests as far as they are applicable to the product in
question.

Description Test method Results

Specific heat, W/kg°C
25°C CTM 0544 1 373
50°c 1 406
75<>c i 444

\QQ°C — — ~ 1 478

125°C 1 511
150°C 1 549

Linear coefficient of thermal C1M 0585 ..3.2 • 10~* ca/cm °C
expansion, (-25 to 150°r)

Volume coefficient of thermal CTM 0585 ..9.6 • 1C"4 cm3/cm3 °C
expansion, (-25 to 150°C)

Flammability, vertical burn* CTM 0316A

* These tests regarding flammability are based on standard small scale
laboratory tests. S»ch tests are not reliable for determining, evaluat-
ing, predicting or, describing the flanubiiity ov burning characteris-
tics of the product under actual fire conditions.
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in Flaw, seconds

IS
60

Average Tia» Co
Fl a— Glow Oat,

7.2
15.6

Average Height
Loss, Percent

1.3
13.5

Limiting oxygi
rating

index. LOI

Electrical (cured foaa
thickness - 3.2 an)
Dielectric strength,
volts/ail

le
CIM 0780

Dielectric constant, 100 b
Dissipation factor, 100 b -
Voluae resistivity,
Radiation resistance

CIM 0114
CIM 0112
CTM 0112
CIM 0249
CIM 0525

35

165
1.95
0.00505
2.24 x 1015

Radiation
Exposure rads

0 x 10*
6 x 10*
22 x 10*
49 x 10*
124 x 10*

Modulus at 10 Z
Coapression, PSI

0.628
0.672
0.92
2.00
2.32

Modulus at 10 Z 2

Compression, Kg/ca

0.044
0.047
C.065
0.414
0.163

5 Cycle Set

.5 Z
1.2 Z j
1.5 Z '
(not aeasureable) '
(additional set)



STUDSVIK ENERGITEKNIK AB STUDSVIK-79/2

1979-03-05

3. APPLICATION TECHNIQUE

3.1 Damming Materials

Since the silicone mixture is applied as a liquid

emulsion it is necessary to provide some means

of supporting the emulsion in *ihe penetration

cavity until gellification is complete. For

this purpose the penetration can be damned up

with sheets of hardboard or plywood, cut to

shape and fitted over the cables or pipes lying

in the opening. Such materials represent, how-

ever, an undesireable accumulation of combust-

ibles and accordingly constitute a fire hazard

previous to and during the period of application.

For this reason, they must also be removed

after installation of the seal is complete.

To avoid difficulties arising out of the use of

combustible damming materials use is made of a

ceramic-glass material based on aluminium

silicate, with the composition 2 Al-O, • 3 SiC^

This material, manufactured by Johns Manville,

is available in a variety of forms, namely

wool, blanket, felt and fibre board, all of

which feature a softening point in excess of

1 200°C and inert behaviour in oxidizing atpws-

pheres.

Of these Johns ManvilM products it is custom-

ary to employ ceraboard as a support when making

seals in floor penetrations. This has accordingly

received a Chemtrol part number, CT-23 FB,

and since it is left in place after curing, it

is to be considered an integral part of the

seal.
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This material is readily cut to shape and clea-

ved to the required thickness while holes can

easily be cut out of the material to allow for

the nassage of cables or pipes through the

penetration. Spaces between these holes and the

penetrating cables or pipes are then made up by

inserting cerafibre, designated CT-23 F accor-

ding to Chemtrol. Cerafibre is a loose fibre

with essentially the same physical and chemical

properties as ceraboard, chief of which is a

density less than 200 kg m , depending upon the

extent of fibre packing, chemical inertness to

oxidizing atmospheres and a low thermal conduc-

tivity, of the order of 0.2 Win"1 °C at 870°C.

3 .2 Dispensing Equipment

In order to ensure thorough mixing of the compo-

nents, the Chemtrol application system makes

use of a machine, provided with two separate

containers for the A and B components, and driven

by compressed air. The components are forced

through parallel pipes, each provided with

temperature regulation (21° ± 1.0°C) to ensure

uniformity of flow and density, until they are

united in the dispensing gun. At this point a

shear mixing operation is carried out at high

speed with a rapidly rotating mixer head before

the liquid is ejected into the hole.

The next section describes the instructions for

the application, dispensing and monitoring

of the silicone foam that the applicator must

observe in order to ensure a high quality seal.
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4. ROUTINE FOR APPLYING, DISPENSING, AND

MONITORING OF SILICONE FOAM

4.1 Scope

Electrical cable, conduit, pipe, cable tray, and

pull box penetrations through walls and floors,

as indicated on the attached drawings, shall be

sealed with CHEMTROL CT-18/Dow Corning 3-6548

Silicone RTV Foam. These seals are designed to

resist the passage of fluids, smoke, air, and

fire through such openings.

4.2 Substrate Preparation

4.2.1 CHEMTROL dams shall be provided and
installed prior to foaming operations
for those penetrations scheduled for
sealing.

4.2.2 Electric cables passing through the
penetration opening are to be spread
where possible to facilitate the flow
of silicone between cables.

4.2.3 If cables are too congested to allow
spreading through penetration openings,
the customer can request boxing outside
the opening to spread the cables and
such boxing is then filled with sili-
cone foam.

4.3 Depth of Fill

4.3.1 Depth of fill is dictated by considera-
tions of the fire rating that is
desired and limitations on the tempera-
ture attained in cable insulation under
operating conditions. Thus floors and
walls in nuclear power plants in the
US may be up to 300 nun thick and tests
so far performed in that country
concerned seals of essentially this
thickness. In Scandinavia at least,
the widespread use of pre-stressed
concrete brings wall and floor thick-
nesses down to 150 mm or less and pene-
tration seals that are required to be
flush with the wall are necessarilly
thinner than those tested in the US.
Moreover, as regards electrical pene-
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4.3.2

4.3.3

4.3.4

trations a greater current loading of
the PVC-insulated cables than that
practiced in the US also sets a limit
on the thickness which can be employed
with such a thermally insulating medium
as silicone foam. Otherwise the tempera-
ture in the cable will quickly exceed
the 90 C maximum specified for such
cable insulation. This consideration
clearly does not apply to electrical
penetrations where only signal or
similar low current-density cables are
involved. Foam penetrations are gener-
ally, but not necessarily, sealed by
250 mm CT-23 series damming (ceraboard).
This functions as a temporary seal
previous to filling and is an aid
during the filling operation. If left
in place in electrical penetrations
involving power cable, the thickness
of the seal should even include the
thickness of this damming material in
view of its contribution to the tempera-
ture rise in the cablra insulation.

Where seals are installed in a fire
rated wall so that the seal thickness
is greater than that of the wall it is
necessary to provide boxing exterior
to the penetration cavity in order to
achieve the depth of fill arrived at
from considerations set out in 4.3.1
above.

Should clearances in openings to be
sealed (between cables and tray or
between pipe and opening) be less
than 15 mm, then an approved sili-
cone elastomeric caulking material can
be used in lieu of silicone foam.

Boxing, spacing and damming materials
are to be noncombustible where these
are scheduled to be left in place
following application of the foam.

4.4 Material Handling Characteristics

4.4.1 CHEMTROL CT-18/Dow Corning 3-6548 is
formulated by Dow Corning as a two
part liquid material separately
packaged and supplied in either drum
or bulk containers.

4.4.2 The material, as received, should be
kept at about 21 C. If the material
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is ever subjected to temperatures below
0 C, it should be brought to not less
than 50 C and reagitated to ensure
proper blending.

4.4.3 The material should be maintained at
room temperature 21 C, if possible,
prior to its becoming feed-stock mate-
rial for dispensing through CHEMTROL
dispensing equipment.

4.5 Material Storage

Material containers should at all times be kept

sealed while in storage to prevent contamination

of the material prior to application.

4.6 CHEMTROL Dispensing Equipment

4.6.1 CHEMTROL dispensing machines have the
primary function to receive two compo-
nent material as feed-stock, maintain
proper individual temperatures, and
dispense the material at a precisely
pre-adjusted ratio through a variable
speed shear mixer head.

4.6.2 The foaming machines to be supplied
by CHEMTROL are especially engineered
machines. They are designed to main-
tain the required ratios. Pressure
gauges and independent temperature
controls are provided for both compo-
nents .

4.6.3 Production time meters can also be pro-
vided to monitor the total operating
time of the equipment.

4.7 Application Procedure

4.7.1 The calibration of the dispensing unit
must be checked each day pri T to
dispensing. The material must be
brought to a pre-determined temperature
by the individual component tempera-
ture adjustment, so as to create the
proper cure rate required after dispen-
sing. An equally timed shot of the
individual unmixed components is made
for a predetermined duration into con-
tainers of equal size. Both containers
are then weighed ^nd the ratio cali-
brated accordingly.



STUDSVIK ENERGITEKNIK AB

4.7.2

STUDSVIK-79/2

1979-03-05

13

4.7.3

4.7.4

4.7.5

4.7.6

4.7.7

4.7.8

4.7.9

After calibration, a small test shot
is made into a container that permits
free rise of the foam for a density
check. If the obtained density is within
the required specifications, the sample
is to be properly identified and retained
for Quality Control records. If the
measured density proves out of speci-
fication, a recalibration and examination
of the material is required before the
test pour procedure is repeated.

Machine mixing of the two components
is to be accomplished in a mixing
chambei and not more than 15 seconds
prior to the mixed material being
poured into place.

The foaming system shall be set at a
delivery rate of not more than 5.5
kg per minute.

If foaming is required to be performed
in stages, the height of each stage
is to be determined by the onsite
Quality Control Inspector.

Component ratios are to be maintained
within + or -5 %.

The above procedures are to be super-
vised by the CHEMTROL Quality Control
Inspector, and performed to his
satisfaction prior to any infield
production of the CHEMTROL system.

All instrument calibration, material
history, tracing records, infield
calibration, field-test pour records,
ambient condition reports, etc, should
become permanent records kept on file
by the Home Office Document Control
Clerk and the customer as required
under the approved Quality Assurance
Program.

Those technicians assigned to the
foaming equipment shall be able to
demonstrate proficiency to the satis-
faction of the onsite Quality Control
Inspector. In cases where a techni-
cian, assigned temporarily to operate
the foaming equipment, has had less
than two years foaming experience,
an additional technician must be assig-
ned to be within 7 m of the operating
equipment at all times while foaming
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is in progress. The second technician
must be able to demonstrate proficiency
to the the satistaction of the onsite
Quality Control Inspector.

4.8 Monitoring Requirements

4.8.1 Continous visual inspection by an onsite
technician shall be maintained on the
flow indication control and flow rate
of the dispensing unit.

4.8.2 Continual visual inspection shall be
maintained of the temperature of the
chemicals.

4.8.3 Foam reaction time shall be taken
at least every 4 hours during the
actual production and reported as
follows:

8.3.1

8.3.2

8.4

8.5

Gel time

Tack fee time

minutes

minutes

Liquid and foamed samples
will be taken and retained
as required

Total through-put will be
determined and recorded
daily

4.9 Test CT-1516: Density Verification

Procedure for CT-18 Silicone Foam

4.9.1 Using a CT-101 or CT-106 proportioning
and dispensing machine pour CT-18/
Dow Corning 3-6548 silicone foam
into waste container for 15 seconds
then without shutting off machine, fill
Chemtrol Part CT-1516 cup to mark.

4.9.2 Check ambient and foam temperature
as dispensed.

4.9.3 Allow foam to rise fully and cure
5 - 1 0 minutes.

4.9.4 Cut foam level to top of cup.

4.9.5 Calculate weight of foam in CT-1516
cup by subtracting weight of cup from
weight of foam plus cup.
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4.9.6 Calculate density in lbs/ft by multi-
plying weight of foam in pounds by 54.

4.9.7 To calculate density in kg m~ divide
weight of foam in kg by 5.244 x 10~
(volume of cup in m').

4.9.8 Record data in CT/QC-2 silicone foam
density log.
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5. FLEXIBLE BOOTS

5.1 Description of Silicone-impregnated

Fibre Glass Cloth

The basic component of the flexible boot seal is

a fibre glass cloth coated with phenyl methyl

vinyl silicone and designated CT-15B. This mate-

rial features high mechanical strength and resists

combustion up to approximately 420°C. A silicone

vulcanizing agent is used to weld the edges of

the fabric together and tests of mechanical

strength demonstrate that seams made in this

way have greater resistance to applied stress

than the fabric itself.

The reinforcing fibre glass cloth has a low

alkali content and features a melting point in

excess of 750°C which is greater than that of

conventional glass fibre. Although mechanical

strength is lost in the event of a fire which

produces a temperature at the seal exceeding

500°C, the residual glass fibre cloth provides

containment for modest loads up to 800°C.

5.2 Typical Physical Properties of CT-15B

Property

Appearance

Grade specification

Thickness

Elongation

Shore hardness

Tensile strength

Breaking strength

Burst strength

Value

Blue or red

PE 2141

0.8 mm

Less than 10 %

50 ± 10 %

70.3 kg cm

35.2 kg cm

42.2 kg cm

-2

-2

-2
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Radiation dose required
to produce deterioration
by 25 %

Temperature range in
which physical proper-
ties are unaffected

5.10 Rads

-79 to 316WC

5.3 Function and Behaviour of CT-15B

Penetration Boot Seals

The CT-15B cloth is used as an auxilliary sealing

agent when penetration seals are required to

resist laterial, axial and torsional movements.

Thus pipe and duct penetrations, which feature

appreciable movements of the penetrating element,

cannot be sealed with silicone foam alone. In

such cases, the heat resisting barrier is pro-

vided by placing rolls of aluminium silicate

cerablanket around the element, in the space

between it and the sides of the penetration. The

air flow through such a heat barrier can be

much reduced by applying a 10 mm thick layer

of CT-18 silicone foam to one side of the blanket

previous to rolling. Nevertheless, such a seal

does not have the mechanical strength to resist

pressure differences across the penetration.

This strength and impenetrability to air, smoke

and even water is catered for by adding an

envelope or boot of silicone-coated fibre glass

on either side of the penetration. A flexible

boot is fabricated on site in accordance with

the outer dimensions of the penetration and of

the penetrating element. It takes the form of

a sleeve in the shape of a truncated cone,

attached to the wall at the wider end and to

the duct or pipe at the other at a distance

of 0.5 to 1 m from the wall. A fold in the

sleeve midway along its length provides flexi-

bility, and takes up the movement of the

penetrating element.
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Various methods have been devised for securing

the boot to the wall in order to ensure both

mechanical strength and air tightness. With

ducts or pipes, the boot is attached at its

narrower end by means of silicone adhesive

and a metal band. If cables are involved, these

are encapsulated in a block of Sylgard silicone

polymer, cast around the cable or cable bundle

at a suitable distance from the wall. The boot

is then fastened to this Sylgard block using an

adhesive and a metal band in precisely the same

manner as that used for ducts or pipes.

It is customary to provide a boot seal on either

side of the penetration. In the event of fire

in one of the two fire cells concerned, the

boot on that side of the penetration is sacri-

ficed. The rolls of cerablanket coated with

CT-18 in the penetration cavity then serve to

prevent the transmission of heat while the

remaining boot ensures gas tightness.
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6. PERFORMANCE OF TESTS

6.1 Test Furnace and Temperature Range

The tests were performed in all cases on floor

seals mounted in 150 mm-thick blocks of aerated

concrete. These were supported in turn on the

walls of the fire testing furnace which has an

internal volume of 1 m and is built of 250 mm-

thick blocks of aerated concrete. The furnace is

of the reverbatory type fired by propane gas,

the hot combustion gasses being admitted to the

test enclosure through ports at the base of the

rear wall. In this way exposure of the seal to

the direct flame is avoided and the test condi-

tions differ radically from those described for

the Full-Scale Test (1).

The wall blocks of the furnace are cemented

together and the roof blocks rest on a gasket of

cerafibre to give an essentially gas tight

construction. As a result the furnace is easily

operated at an overpressure which is set to

correspond to 1 mm of hydrostatic pressure.

The functioning principle of the furnace is

shown diagramatically in Figure A.I while views

of the interior, with the roof blocks removed,

are shown if Figure A.2.

The temperature of the furnace is controlled

during testing to conform with the requirements

of the international time-temperature scale (2)

as given by

T - T = 345 log10 (8t + 1)
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where

T

T

- time from start of run expressed in
minutes

= furnace temperature in °C at titae t

= furance temperature in °C at t = 0

The form of the curve for T versus t according

to this equation is shown in Figure A.3» The

shaded area on either side of the line defining

the curve represents the permissible deviation

from the value of T as prescribed by the equa-

tion.

Four thermocouples are used to determine the

temperature distribution within the furnace so

that any departure from uniform conditions can

be detected and rectified during the course of

the test.

6.2 Cable Arrays and Pipe Penetrations

Three cable penetrations were tested,- each

having dimensions of 600 x 300 cm and carrying

an array of five cables mounted in a vertical

rig. These cables projected 400 mm into the

furnace below the "floor" block and at least

400 mm into the supporting rig above the upper

surface of the seal.

The specifications for the cables used are given

in the accompanying table. It should be obser-

ved, however, that in the 90 minute test, cable

3 has different data from those of cable 3 in

the 60 and 120 minute tests.
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Table 1

Cable specifications for 60, 90 and 120 minutes tests

Cable No Type Overall
Diameter
(mm)

Conductors Insulation

AXKJF
12 kV

35 3 x Ai cores
of 400 mm2 area
+ Cu wire screen
of 50 mm2 area

PEX insulation
for Al cores.
PVC insulation
for mantle.
Filling of PEX

AKKJF
1 kV

55 3 x Al cores
of 240 mm2 area
+ Cu wire screen
of 95 mm2 area

PVC insulation
for Cu cores
and for mantle

for 60 and
120 min
tests

AKKJF
1 kV

48 3 x Al cores of
185 mm2 area
+ Cu wire screen
of 57 mm2 area

PVC insulation
for Cu cores
and for mantle

for 50 min
test

FXKJF
1 kV

48 Cu core
of 500 mm2 area
+ Cu wire screen
of 35 mm2 area

PEX insulation
for Cu core.
PVC insulation
for mantle

FKKJ
1 kV

38 3 x Cu cores
of 95 mm2 area
+ Cu wire screen
of 50 mm2 area

PVC insulation
for Cu cores
and for mantle

FXKJ
12 kV

40 3 x Cu cores
of 25 mm2 area
+ Cu wire screen
of 16 mm2 area

PEX insulation
for Cu core.
PVC insulation
for mantle

These cables were chosen to represent an

assortment of the largest diameter conductors

with possible application in power stations.

As such they provide extreme conditions for

a penetration seal to withstand as regards

heat conduction from the source along the

metal screening and core. Samples of these

cables are shown in Figures A.6 and A.7. The

difference between these two photographs is
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the inclusion in Figure A.7 of the FXKJF cable,

used in position 3 in the 90 minute test.

The thickness of CT-18 silicone foam used in

these three tests was as follows

Duration of
test in min

60

90

120

Thickness of
foam in mm

100

125

150

In each case the underside of the penetration

was dammed with a 25 mm thick sheet of CT-23

PB ceraboard. This was applied in two halves,

one on either side of the array and in accor-

dance with the specifications given in 4.3.1

The test arran.jer..ont, with the array of cables

used in the 90 min test, is shown in Figure A.3.

Pipe penetration seals of the silicone foam

(section 4) and flexible boot (section 5) type

were also tested as part of the 60 minute run.

These are also shown in Figure A.4 while more

detailed diagrams are shown in Figures A.9 and

A.10 respectively. For each of these seals

an outer sleeve of standard carbon steel was

cemented into the aerated concrete block.

The sleeve dimensions were 0 150 x 5 mm and

they projected 40 mm on either side of the

block. The penetrating pipes were also of

standard carbon steel and had dimensions of

t 60.3 x 3.25 mm. These pipes projected 400 mm

on either side of the aerated concrete block

and were sealed at the lower end with a welded
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cap. For the pipe penetration sealed with sili-

cone foam, the depth of fill was 125 nun while

for the flexible-boot seal the annulus between

pipe and seal was packed with six rolls of cera-

blanket coated with CT-18 foam.

6.3 Temperature Measurement and Registration

The distribution of temperature within the

furnace, over the upper surface of the seal and

on the cables or pipes at the junction with the

seal, and at a height of 100 mm above the seal,

was measured by an array of chrome-alumel ther-

mocouples, connected to two 12-channel pen

recorders.

For the 90 min test the thermocouples were

secured to the cable by pairs of wire rings.

For the 60 and 120 min tests the thermocouples

were attached to the cable by springs made

from strip metal and made fast at one end to

the furnace block. The function of the spring

was to ensure good contact between the thermo-

couple tip and the surface where the tempera-

ture was to be registered, without producing

mechanical damage to, or deterioration of,

this surface. A pad of cerafibre was placed

between the thermocouple and the spring or

wire ring as a thermal and electrical insulator.

The thermocouples for the 60 and 120 minute

tests were arranged as f.iown in Figure A.4.

Their designation is as follows:
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Table 2a

Site No of Designation
thermo-
couples

Test Furnace 4

Upper seal surface 6

Cables at seal sur-
face 5

Cables at 100 nun
above seal surface 5

Silicone Foam Pipe
Seal 3

Pipe at 100 mm above
seal surface 1

Flexible-boot seal 3

Pipe at 100 mm above
seal surface 1

201, 202, 203, 204

111, 112, 209, 210, 211, 212

102, 104, 106, 108, 110

101, 103, 105, 107, 109

306, 407, 408

305

410, 411, 412

409

Thermocouples for the 90 minute test were distri-

buted as shown in Figure A.5. Their designa-

tion is as follows:

Table 2b

Site No of Designation
thermo-
couples

Test Furnace

Upper seal surface

Cables at seal sur-
face

Cables at height
100 mm above seal
surface

4 7, 8, 9, 10

6 31, 32, 41, 42, 43, 44

5 21, 23, 23, 27, 29

5 22, 24, 26, 28, 30



STUDSVIK ENERGITEKNIK AB STUDSVIK-79/2

1979-03-05

25

6.4 Quality Control: Performance and Data

Before filling the penetration with the silicone

mixture the operation of the dispensing equip-

ment was checked according to the procedure

set out in 4.7.1. The density of the foam we?

then obtained immediately before application of

the seals, in accordance with the requirements

of the test procedure set out in 4.9. (Chemtrol

test procedure CT-1516) .

For the seals exposed in the 60 and 120 minute

tests, the foam density was 260 kg m and the

gel and tack-free times were 1.5 and 2.5 minutes

respectively. The temperature as registered or.

the dispensing machine was 23 C during appli-

cation.

For the seal exposed in the 90 minute tests, the

foam density was 280 kg m with gel and tack-

free times of 1.2 5 and 2 minutes. Ihe tempera-

ture indicated on the dispening machine was 22 C

during application.

For the 60 and 120 minute tests the seals were

installed 12 and 13 days previous to exposure in

the furnace. For the 90 minute run, 24 hours

elapsed after installation to allow for adequate

curing of the foam.

6.5 Hose-stream Test

The floor seal exposed to the 120 minute fire

test was subjected to a stream of water deli-

vered from a fire hose at the immediate conclu-

sion of the two hour period. For this purpose

the floor block was lifted up and rested on

its side across the top of the furnace with

the fire-exposed surface of the seal facing
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the hose. The conditions employed were in comp-

liance with the requirements of ASTM E-119. The

time of exposure was three seconds at a dist-

ance of 6 m between nozzle and seal.

The hose stream was directed first against the

ceraboard facing of the seal and again, a few

minutes later, against the still glowing abla-

tive crust on the silicone seal, after removal

of the ceraboard.
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7. RESULTS

7.1 Observations made during performance

of test

Changes in the appearance of the seals and in

the penetrating elements during the course of

the two tests are recorded separately for each f

type of seal.

Observations made oh the cable penetration

seals are given in tabular form to facilitate

comparison of the different cables at given

times of testing.



G
D
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7 i l i l 2bf§rYations_aade_durlng_60_minute_test_gn_100_!nni;thick_8ilicgne_foam_cable;Bsnetratlon

Start at 13.50 on 1977-12-20 Ambient temperature 7°C

Elapsed
time(min)

30

35

37

45

50

51

52

60

1 2

Insulation at bottom
left-hand side begins
to swell

Slight fume from left-
hand side. (Figure A.18)

Heavy fume from lower
end of cable, just
above surface of seal

Cable Number

3

Insulation beginning
to swell at junction
with seal. (Figure A.16)

Heavy fumes pouring out
mum swelling

Furnace shut off and aearated concrete block lifted up to allow fire

4

Insulation at junc-
tion of seal swell-
ing and fuming

Swelling at bottom
left-hand side is
very marked

Dense fumes evolved
from insulation

of region of maxi-

Outer insulating
sheath has split and
inner insulation
is being extruded

5

Insulation at junction with seal has melted
and is running together between these cables
(Figures A.18, A.19)

In seal to be extinguished

Z

w
o
M
•-3
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z
M
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I
O
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G
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7.1.2 Observations made during the 60 minute

test of the 125 mm thick seal in a

Elapsed time
in minutes

24

45

50

60

Observation

Slight fume emerging from a
single point at junction
between pipe and seal

Emergence of slight smoke from
a second point on left-hand
side at junction between pipe
and seal

No further smoke release

Furnace shut off and aerated
concrete block lifted up to
allow fire on underside to be
extinguished

7.4.3 Observations made during the 60

minutes test of the flexible boot

seal_in_a_gi£e_£enetratign

No visible changes in the form of splitting

of the fabric, emission of smoke or fume, or

other physical effects, could be detected during

the test.



Start at 10.13 on 1977-08-15 Ambient temperature 17°C

If)
H
C
D
to

Elapsed
tine(min)

41

44

46

50

59

64

70

79

99

100

1

Insulation
at junction
with seal
beginning to
swell

2

Insulation at junction
with seal beginning
to swell

Wisps of smoke from
cable insulation
which has split.
Extrustion of red
internal insulation
through split

Photograph taken
(Fig A.34) to show
crack in insula-
tion

Smoke evolution
ceases

Smoke evolved from
side of cable

Cable Number
3

Insulation at junc-
tion with seal
beginning to swell

Extrusion of PEX
insulation through
crack in PVC

Photograph taken (Fig A.36) showing cable array from rear

Photograph taken (Fig A.37) showing cable array from front
Heat to furnace is shut off

Furnace openec and fire in cable insulation on underside of

4

Insulation at junction
with seal beginning
to swell

Smoke from side of
cable

Fissure opens in sur-
face of sillcone seal
between cables 4 and 5

silicone seal is put out

5

Insulation at junction
with seal biginning to
swell

Photograph (Fig A.35) of
smoke from side of cable

. with water extinguisher

3

Z
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Start at 12.09 on 1977-12-21 Ambient temperature « 5 C

Elapsed
time(min)

30 to 35

45

47

SO

56

59

60

63

75

80

90

120

1

Insulation
beginning to
swell at
junction with
seal

2

Insulation beginning
to swell at lower end

Fumes beginning to
rise from base of
cable

Surface of seal
cracked open by
swelling of insu-
lation on left-hand
side

Split in cable insu-
lation so that inner
insulation bubbles
out. (Figure A.42)

Cable Number
3

Insulation above surfi
to swell

4

ice of seal beginning

Insulation split above
seal surface

Fumes emerging in a
stream from split

1
Split i'n insulation so
wide that copper\wire
from screen is visible
up to 100 mm from base

Steady straam of smoke from cable insulation
materials. (Figure A.41)

Crack in seal surface
opening between this
and cable 2

Crack in seal is now continous between the
two cables but is not more than 50 nan deep

Situation stabilised

5

Insulation beginning
to swell at junction
with seal

Situation stabilized for all five cables for remainder of test with continued fume emission and slight
swelling of cable. Cracks in seal surface stabilized at 40 - 50 mm. (Figures A.43, A.44)

Furnace shuc off and expanded concrete block lifted up to allow hose stream test to be performed
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7.1.5 General Comments

All smoke or fume evolved from the cable

penetration seals during the tests originated

from the cable insulation. Smoke and flame

from within the furnace did not penetrate the

seals at any point.

Temperatures registered within the furnace, at

the seal surface and at a point on each cable

100 mm above this surface are shown for the

different tests in the attached diagrams as

follows:

Duration of
Test in min

60

90

120

Figure Number for Curve of -
Furnace Temp Temp at Seal Surface

and 100 mm above
Surface

All

A28

A38

A12, A13, A14

A29, A30, A31

A39

7.2 Observations made following completion

of the test

Careful inspection of the residual mass of

silicone in the three cable penetration seals

demonstrated that the integrity of these seals

had been retained. Some 30 mm of foam had been

converted into an oxide crust in the 60 and 90

minute tests while around the cable ends the con-

sumption is slightly greater. In the 120 minute

test the corresponding figure is nearer 60 mm

with considerable depletion around the ends of

the cables.

At the close of the 90 minute test inspection

of the ends of the cable where they met the

upper surface of the seal suggested that splitt-

ing of the insulation and extrusion of the
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internal mass of plastic (Figures A.34 - A.36)

might be due to the constricting effect of the

wires used to bind the thermocouples at this

level. Thermal expansion of the plastic, which

would otherwise be partially dissipated along

the length of the cable, seemed to have been

largely directed against the FVC mantle. This

was evidently not the case in the 120 minute

test where springs had been employed to maintain

contact between the thermocouples and the indi-

vidual cables.

It seems likely that the effect is in any case

attributable to the conduction of heat along the

cable cores. This leads to outgassing of the

filling material, followed by flaring of the

outer insulation where it emerges from the seal.

In severe cases, the outer sheath ruptures,

generally at 50 - 60 minutes from the start of

the test and most frequently when the cable has

a relatively massive copper core, as is the case

with cable 4. Thus copper melts at roughly

1 100°C and where this material is present in

core or screen it will serve to conduct heat

from the fire source for the whole period of the

test. Aluminium, on the other hand, melts at

660°C and in cables 1 and 2 the aluminium cores

are no longer present of the close of the test.

Accordingly, in these instances heat conduction

from the furnace is performed solely by the

copper screening.

When the flaring of the insulation occurs within

the seal the expansive pressure is clearly

sufficient to cause the elastic surface to swell

up. In the 120 minute test a crack occurred

between cables 1 and 2 after 60 minutes as a

result of flaring of the insulation below the
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seal surface. Careful exploration showed, how-

ever, that this crack, which was 50 mm at its

deepest point, did not correspond with fissures

in the charred underside of the seal. These

fissures were instead confined to the region

between the cables and the walls of the penetra-

tion.

It was or interest to observe that the fissures

on the underside of the seal exposed to the

120 minute fxre adopted a circular pattern,

noticeably arcund cables 1 and 5, and to some

extent about the intermediate cables, as shown

in Figure A.48. These fissures were, however,

roughly parallel with the walls of the cavity

and perhaps reflect the field of compressive

stresses generated during expansion and curing

of the foam when it is first installed in the

cavity. Thus the propagation of cracks on the

fire-exposed side of the seal is retarded, as

these cracks progress into the seal, by the

compressed condition of the foam at greater

depth. By comparison, the upper surface of

the seal, which is essentially stress free, is

more easily damaged in the immediate vicinity

of the cables by swelling and outgassing of

the insulation. As a result, cracks on the

upper surface and fissures on the fire-exposed

surface follow different paths and so do not

meet within the seal, which succeeds in retain-

ing its integrity.

Of the 125 mir. thickness of foam used in the

simple pipe penetration, roughly 70 mm retai-

ned its flexibility. This is shown in Figure

A.23 where the collar of unconsumed foam has

been lifted out of the penetration. Inside the
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penetration a sintered mass of oxide clinker

reamins to provide a thermal barrier, as shown

if Figure A.24.

The flexible-boot seal retained its integrity

for the duration of the 60 minute test and the

appearance of the component parts at the conclus-

ion of the test is shown in Figures A.25 - A.27.

REFERENCES

2.

BROWN, A
Full-Scale Demonstration.
Fire testing of a system for penetration
sealing based on foamed silicone
elastomer: Studsvik 77-05-26. 1977.
(STUDSVIK-77/3. Rev. ed.)

Fire-resistance tests. - Elements of
building construction.
International Organization of Standards.
1975.
(ISO 834.)



Appendix A.I

(43)
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Figure A.I

Schematic layout of gas-fired furnace used for
fire testing penetration seals.

A

B

C

D

E

F

Blower (propane gas)

Refractory brick lining

Test chamber

Variable exhaust for temperature
control

Expanded concrete blocks

Penetration seals



Figure A.2

Test furnace with roof blocks removed to show interior of heating chamber. The chamber is composed
of aerated concrete blocks and is built in the form of a cube with an internal dimension of 1 m.
Heated gasses are injected into the chamber through ports at the base of the rear wall. The
temperature is monitored by four thermocouples, two of which can be seen projecting through the
side wall.
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Figure A.3

Standard Time-Temperature Curve for Control of Fire Tests.
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Figure A.4
Test arrangement for 60 and 120 min tests showing

(i) 5 cables penetrating a floor seal of CT-18 silicone
foam and (top of page from Jeft to right) a flexible-
boot seal and a silicone-foam pipe seal mounted in
the roof of the furnace.

(ii) location of the thermocouples (numbered) used to regi-
ster temperature distribution during the test.
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Figure A.5
Test arrange.nent for 90 min test showing

(i) 5 cables penetrating a 150 mm thick floor seal com-
posed of 125 mm CT-18 silicone foam and 25 mm CT-23
FB ceraboard.

(ii) location of the 20 thermocouples used to register
temperature distribution during the test.
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1 Al core
PEX insulation
PEX filling
Cu screen
PVC mantle

2 Al core
PVC insulation
Cu screen
PVC mantle

3 Al core
PVC insulation
Cu screen
PVC mantle

4 Cu core
PVC insulation
Cu screen
PVC mantle

5 Cu core
PEX insulation
Cu screen
PVC mantle

Figure A.6

Samples of cables used in 60 and 120 min tests
showing cross sectional make-up
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1 Al core
PEX insulation
PEX filling
Cu screen
PVC mantle

2 Al core
PVC insulation
Cu screen
PVC mantle

-v.

3 Cu core
PEX insulation
Cu screen
PVC mantle

4 Cu core
PVC insulation
Cu screen
PVC mantle

5 Cu core
PEX insulation
Cu screen
PVC mantle

Figure A.7

Samples of cables used in 90 min test showing
cross sectional make-up
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Figure A.8

Fire Testing Furnace showing aerated concrete floor block
supporting test rig and cable array.
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CT-15&

LJ

Figure A.9
Schematic layout of flexible boot seal used
in 60 min fire test.
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I
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-vo
Figure A.10

Schematic layout of silicone-foam pipe pene-
tration seal used in 60 min fire test.



Thermocouple Readings and Photographs of

Penetration Seal obtained during and after

the 60 min Test.

Seal composed of 100 mm Silicone Foam and

25 mm Ceraboard.



Figure A. 11

Temperature readings from thermocouples 201 - 204 located inside the furnace
during the 60 min test.
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Figure A.12

Temperature readings at surface of 100 mm-thick CT-18 seal (thermocouples 111, 112,
209 - 212) and on cables

(a) at junction with seal surface (thermocouples 102,104, 106, 108 and 110).

(b) at a height of 100 mm above seal surface (thermocouples 101, 103, 105, 107
and 109).

Note: The sudden rise in reading 105 at 50 min is entirely due to a deliberate
ignition of gases emerging through a split in the insulation of cabls
No 3 above the junction with the seal.
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Figure A.13
Temperature readings of thermocouples mounted on penetrating pipe and enclosing
sleeve in a flexible-boot during the 60 min test.

60
min



Figure A.14

Temperature readings on penetrating pipe (305) and on enclosing metal sleeve of a
silicone foam seal during the 60 min test.

x
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Figure A.13

Floor seals exposed to 60 min fire test after 16 min dura-
tion. The cable seal is at the rear of the furnace, the
3iliccne pipe seal at the front left-hand side and the flex-
ible-boot seal at the front riqht-hand side.
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Figure A.16

Floor seal in 60 min test after 30 minutes duration. Cables
from left to right are in order of number 1 - 5 . Note use
of strip-metal spring to apply thermocouple tips to selected
points on seal and cable surfaces.

Furnace temperature, 830°C.
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F i .jure A. 17

Floor seal in 60 min test after 45 minutes duration. The
niter insulation sheath on cables 2 - 4 has softened and
is beginning to swell just above the upper surface of the seal.

Furnace temperature, 880 C.
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Figure A.18

Floor seal in 60 min test after 50 minutes duration. Insulation
at base of cable 3 is seen to be giving off white fumes. The
insulation at the base of cables 4 and 5 has softened ana
run together.
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Figure A.19

Floor seal in 60 min test after 50 minutes duration. View
from rear of cable array showing evolution of white fumes
from cable 3 and erruption of insulating material through
split at lower end of cable 4.
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Figure A.20

Floor seal in 60 min test after 52 minutes duration. View
from rear of cable array showing evolution of white fumes
from cables 3 and 4 above intact silicone foam seal.
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Figure A.21

Underside of floor seal immediately after completion of 60
min test showing metallic residue of cable screening. Two
sections of ceraboard damming material are still in place,
covering the exposed surface of the silicone foam seal.
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Figure A.22

Underside of floor seal on completion of 60 min fire test.
The ceraboard damming material has been removed and the
formation of an ablative crust on the exposed surface of
the foam is clearly visible.
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Figure A.23

Silicone-foam pipe seal on completion of 60 min fire test.
The seal has been worked loose and drawn up above the pene-
tration to reveal the amount cf material still unconsumed.
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Figure A.24

Silicone-foam pipe seal on completion of 60 min fire test.
The ceraboard damming material has been partly removed
from the exposed surface to reveal the ablative crust
formed on combustion of the foam.
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Figure A.25

Flexible boot seal on completion of 60 min fire test, 'me
boot of silicone-impregnated fibre-glass cloth on the
unexposed side of the seal is unaffected by the test.
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Figure A.26

Flexible-boot seal on completion of 60 min fire test. The
boot material has been cut away to reveal the uppermost
roll of cerablanket/silicone-foam heat barrier which encirc-
les the penetrating pipe.



Appendix A.27

Figure A.27

Flexible-boot seal on completion of 60 min fire test. The
effect of heat on the nethermost roll of cerablanket/foam
is seen in the formation of a black clinker of SiO2 in
place of the silicone foam.



Thermocouple Readings and Photographs of

Penetration Seal obtained during and after

the 90 min Test.

Seal composed of 125

25 mm Ceraboard.
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Figure A.28
Temperature readings from furnace interior as given by thermocouples 7, 8, 9 and 10
during 90 min test.
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!

a
X

CD



50°C —

90 min

50C —

0 30 60 90 min

Figure A.29

Temperature readings at surface of seal, as given by thermocouples 31, 32, 41, 42, 4 3 and 44.
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Figure A.30

Temperature readings on cables 1
23, 25, 27 and 29.
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- 5 at surface of seal, as given by thermocouples 21,
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Figure A.31

Temperature readings on cables 1 - 5 at a height of 100 mm above surface of seal, as given
by thermocouples 22, 24, 26, 28 and 30.
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Figure A.32

Average temperature readings on cables as given by thermocouple pairs 21/23, 22/24,
25/26, 27/28 and 29/30.
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Figure A.33

Rupture of insulation at lower end of cable 2 after 46 min,
Cables from left to right are 4, 3, 2 and 1.
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Figure A.34

View from rear of cable array at 64 min.
Cables from left to right are 5, 4, 3, 2, 1.



Appendix A.35

Figure A.35

View from rear of cable 5 dt 79 min.
Cables from left to right are, 5, 4, 3, 2, 1.



Appendix A.36

Figure A.36

General view of cables prior to shutting off the test furnace.
Cables from left to right are 1, 2, 3, 4, 5.
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Figure A.37

View of dismounted seal after removal of ceraboard damming.
Residual thickness of CT-18 foam is 100 mm.
Cables from top to bottom are 1, 2, 3, 4, 5.



Thermocouple Readings and Photographs of

Penetration Seal obtained during and after

the 120 min Test.

Seal composed of 150 mm Silicone Foam and

25 mm Ceraboard.
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Figure A.38

Temperature readings from thermocouples 201

12C

min
60 90

204 located inside the furnace during the 120 min test.
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Figure A.39

readings at surface of 150 mm-thick CT-18 seal (thermocouple 111, 112, 209 - 212) and
on caoies

(a) at junction with seal surface (thermocouples 102, 104, 106, 108 and 110)

(b) at a height of 100 mm above seal surface (thermocouples 101, 103, 105, 107 and 109)

J,



Appendix A.40

Figure A.40

Floor seal in 120 min test after 35 minutes duration.
Cables from left to right are in order of number 1 - 5 .
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Figure A.41

Floor seal in 120 min test after 55 minutes duration.
Cables 2 - 4 are showing swelling of insulation at the base
just above the foam surface. White fumes are visible from the
insulation of cables 3 and 4.
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Figure A.42

Floor seal in 120 min test after 63 minutes duration.
Cables 2 - 4 are fuming heavily from swollen region at bast;,



Appendix A.43

Figure A.43

Floor seal in 120 min test after 90 minutes. Outer insulating
sheath on cable 2 has r.plit at left-hand side and a plastic
mass has been extruded through the opening.
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Appendix A.44

Figure A.44

Floor seal in 120 min test after 100 minutes. The swelling
masses of insulation at the base of cables 2 and 3 have
combined to crack open the surface of the silioone foai,:
seal. The crack has a measured depth of 40 - SO ITUP but the
integrity of the seal is still maintainf.d.
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Figure A. 4_5

Floor seal in 120 min test after 110 minutes. The mass
extruded through a split in the outer insulating sheath
of cable 1 is seen to be fuming heavily. Although cracks
have been formed in the surface of the seal around the
cables none is deeper than 50 mm.
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Appendix A.46

Figure A.46

Floor seal on completion of 120 min test. Cable insulation
is fuming heavily and the outer sheath of all but cable 5
has split to allow extrusion of the internal insulation.
Although the seal exhibits superficial cracks in a number
of places as a result of this swelling the integrity of the
seal has been maintained.
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Figure A.47

Underside of floor seal upon completion of 120 min test
after applying hose stream test. Ceraboard damming material
is still in place.



Appendix A.48

Figure A.48

Underside of floor seal upon completion of 120 min test. The
ceraboard damming has been removed and the ^ose stream test
reapplied to the still-glowing surface of the silicon* seal.
Part of the ablative crust on the right-hanf side has been
dislodged by the stream of water.
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