Tennessee Valley Authority, Post Office Box 2000, Spring City, Tennessee 37381

0T 0 5 1995

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391
WATTS BAR NUCLEAR PLANT (WBN) - FIRE BARRIER PENETRATION SEAL

ENGINEERING EVALUATIONS

The purpose of this letter is to submit TVA's engineering
evaluations which describe the adequacy of WBN fire barrier
penetration seals. TVA has recently completéd revising these
evaluations to address questions raised during recent inspections
of the WBN Fire Protection Program. The evaluations are contained
in the enclosed "Engineering Report for Penetration Seal Program
Assessment" (Enclosure 1). The report:

- Documents the typical fire barrier seal configurations used at
WBN

- Defines the basis for the acceptability of fire rated
penetration seal typical details

- Establishes the bounding parameters for each fire barrier
penetration seal

- Provides a detailed description of the extent to which WBN
meets appropriate penetration seal testing standards

- Documents the applicable fire test data which shows the
acceptability of the typical penetration seal designs

The engineering evaluations contained in the report are split into
two types - Type A and Type B. Type A evaluations were performed
on thoa§%$%§§tratlon seal designs that are clearly bounded by
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existing fire tests. The Type A evaluations have been clarified to
address NRC questions and more clearly show the applicability and
acceptability of fire test results.

Type B evaluations were performed on penetration seal designs that
require engineering analysis in addition to the test information to
show the acceptability of the penetration seal. The Type B
evaluations are documented in an expanded format to provide the
engineering analyses. They have also been clarified to more
clearly show the applicability and acceptability of fire test
results. '

As discussed with NRC inspection personnel on September 22, 1995,
TVA has agreed to perform additional penetration seal fire testing.
The testing is being conducted to provide additional evidence that
cable tray penetration seals will perform satisfactorily. TVA's

test plan for conducting the fire testing is provided in Enclosure
2.

The commitment contained in this submittal is provided in
Enclosure 3. 1If you should have any questions, please contact
P. L. Pace at (423) 365-1824.

R ._‘,,,Rﬁ

Nuclear Assurance
and Licensing Manager (Acting)

Enclosures
cc: See page 3
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~cc (w/o Enclosures except as noted):
NRC Resident Inspector
Watts Bar Nuclear Plant
Rt. 2, Box 700 '
Spring City, Tennessee 37381

Mr. P. S. Tam, Senior Project Manager (w/Enclosures)
U.S. Nuclear Regulatory Commission

One White Flint North

11555 Rockville Pike

Rockville, Maryland- 20852

U.S. Nuclear Regulatory Commission
Region II

101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323
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the minimum allowable of 25. As indicated in Dow Corning product
literature, Dow Corning 3-6548 RTV Silicone Foam (parts A and B)
(installed in penetrations #5 and #6) possesses an ASTM E 84-
79A flame spread rating of 15 which is less than the maximum

allowable of 25.

Justification: Not Applicable
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cA2

Fire Test ICC0582007

Fire Test Number: * ICC0582007

Fire Test Title/Date: Fire and Hose Stream Tests for Penetration Seal
Systems, dated March 1986

Fire Test Summary: This test report documents the results of a fire test
conducted on 4 penetration seal configurations installed in a single test
slab. The review of this fire test report includes penetration seal
configurations required to support WBN typical seal details. Specifically,
these penetration seal configurations are identified as penetration 1,
penetration 2, penetration 3 and penetration 4. A brief description of
each of these configurations is as follows:

Penetration 1 was a 10 inch sleeved opening penetrated by a coaxially
positioned 2" steel pipe which was capped on the exposed side of the
penetration. Seal material consisted of a 1 inch thick Carborundum
Hotboard back dam attached to the exposed side of the test slab with a 7
inch depth of Dow Corning 3-6548 Silicone Foam injected into the
penetration flush with the exposed side of the test slab.

Penetration 2 was a 10 inch sleeved opening penetrated by an 2" steel
pipe eccentrically positioned against the sleeve which was capped on the
exposed side of the penetration. Seal material consisted of a 1 inch thick
Carborundum Hotboard back dam pressure fitted into the exposed side of
the test slab with a 7 inch depth of Dow Corning 3-6548 Silicone Foam

-injected into the penetration flush with the unexposed side of the test slab.

Penetration 3 was a 32 inch by 7 inch by 12 inch deep blockout
representing a seismic gap. Seal material consisted of layer of silicone

impregnated fiberglass fabric installed approximately 7 inches deep into
the seismic gap. A 5 inch depth of Carborundum Durablanket was
installed in the penetration on top of the silicone fabric.” An additional
tayer of silicone fabric was installed on top of the Durablanket. The
silicone fabric sheets were adhered to the concrete utilizing Dow Corning
732 Silicone Adhesive and anchored metal strips.

Penetration 4 was a 32 inch by 7 inch by 12 inch deep blockout
representing a seismic gap. Seal material consisted of layer of silicone
impregnated fiberglass fabric installed approximately 7 inches deep into
the seismic gap. A 5 inch depth of Carborundum bulk fiber was installed
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in the penetration on top of the silicone fabric. An additional layer of
silicone fabric was installed on top of the Durablanket. The silicone fabric
sheets were adhered to the concrete utilizing Dow Corning 732 Silicone
Adhesive and anchored metal strips.

The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer

than nine thermocouples per 100 ft* of wall surface. Per IEEE 634-

1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

O Yes 0O No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test
report states that the furnace temperature was measured by three
thermocouples. (Reference section "Fire Test", page 14 of the test
report). '

Justification: The furnace used to perform this fire test was the
slab furnace at Construction Technology Laboratories (CTL) in
Skokie, Hllinois. Because of the limited description of this furnace
provided in the test report it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), the slab furnace at CTL is described as a down
draft type furnace with interior dimensions of approximately 36" x
36". Temperatures within the furnace are generally monitored by
three (3) thermocouples located 12" from the test slab. The
furnace is heated by three (3) burners, and due to small area of the
test furnace, conditions across the exposure area of the test
furnace are expected to have been consistent. Internal tests
performed by CTL substantiate that there was a uniform heat flux
across the exposed test slab within the furnace. Based on this
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information in conjunction with the information contained in the firé
test report, the intent of this review criteria has been satisfied by
the fire test.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report listed
furnace temperatures every 5 minutes throughout the first 2 hours
of the test and every 10 minutes thereafter. (Reference Appendix
B of the test report, table "Furnace Atmosphere Temperature”).

Justification: Not Applicable
The accuracy of the furnace control shall be such that the area

under the time-temperature. curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the

_corresponding area under the standard time-temperature curve for

fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes 0O No [0 Meets intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 0.108% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0582007).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
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pads of a-suitable inorganic material. |IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above) '

O Yes J No Meets Intent (See Justification)
Discussion: See Justification
Justification: The facility used to perform this fire test was

Construction Technology Laboratories (CTL) in Skokie, lllinois.
Because of the limited information with respect to thermocouple

~ pads provided in the test report, it was necessary to contact CTL to

obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-R0OC-001
(Reference 7.29), it was general practice for CTL to use
thermocouple pads to cover thermocouples placed on the
unexposed side of test specimens. Based on this information in
conjunction with the information contained in the fire test report, the
intent of this review criteria has been satisfied by the fire test.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
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include 1) the cable jacketffire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop

material.
0 Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 1 and penetration 2 each had three thermocouples
located on the unexposed surface of the penetration seal
assembly. One at the interface of the pipe and seal material and
two on the unexposed surface of the seal material. Penetration 3
and penetration 4 each had three thermocouples located on the
unexposed surface of the penetration seal assembly. (Reference
Figure 8 “Thermocouple plan”, page 13, and Appendix B of the fire
test report, table "Thermocouple Reference Chart”). :

Justification: Penetrations 1 through 4 each satisfy the ASTM E814
requirement to have three thermocouples record unexposed side
surface temperatures. However, the requirement to have one
thermocouple placed approximately 1 to 3 inches above the
unexposed side surface of the penetration seal is not satisfied for
each. Although a thermocouple is not placed specifically on the
pipe penetrant 1 to 3 inches from the seal surface, the
thermocouple placement is considered to meet the intent of the
review criteria. This is based on the fact that only the temperature
readings from the thermocouples located on the surface of the seal
material are considered when determining acceptance of a
penetration seal assembly based on limiting endpoint temperature
(Refer to checklist item "q").

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout -
the first 2 hours of the test and every 10 minutes thereafter
(Reference Appendix B of the test report, table "Unexposed
Temperature Readings").
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Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix B of
the test report includes a section entitled "Test Comments” in
which observations of the test assembly were documented during
and after the fire test and after the hose stream test. Also,
“Summary” as identified on page 15 of the test report describes
resulting conditions of each penetration following the test.

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable, therefore

this checklist item is not applicable.

Justification: Not Applicable
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. i. ASTM E-814-83 requires that the test specimen shall be actual
. size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

e

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

j. . Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE

634-1978, the cable within the penetration or the raceway passing

. ' through the penetration shall protrude 3 to 5 ft. on the unexposed

f2 side and a minimum of 1 ft. on the exposed side. Vertical cables in

""" ’ ' floor penetration tests shall be supported on the unexposed side to
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simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes ] No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  All
penetrating items extended 1' minimum on the exposed side of the
slab and 3' minimum on the unexposed side. (Reference "Test
Assembly ", page 2 of the fire test report)

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes J No [ Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that the tested configuration was
exposed to a 3 hour fire test and that the fire did not penetrate the
seal material nor did flaming occur on the unexposed side as a
result of heat conduction. Therefore, the test specimen is
considered to have withstood the fire test conditions without failure.

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test states that immediately after the fire test, the test
assembly was removed from the furnace and subjected to three

hose stream tests.

Justification: Not Applicable
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m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Tabie 1.

Table 1 - Conditions for Hose Stream Test

» : Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft* (m?) of
: (kPa) Exposed Area
240 minutes and over if 45 (310) 3.0(32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min '
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
: than 90 min
. less than 60 min if ' 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires In
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
|IEEE 634-1978, as described above) '

Yes 0O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test was

subjected to three hose streams in all, each applied for a 14

second duration. The first was through a 1-1/2" diameter hose with

a nozzle set at a 30° angle The discharge was at a rate of 75 gpm

. and a distance of 10'. The second was through a 1-1/2" diameter
‘ hose with a nozzle set at a 15° angle The discharge was at a rate

of 75 gpm and a distance of 10'. The third test used a standard
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. * playpipe with a 1-1/8 diameter tip discharging a solid stream of
water at a pressure of 30 psi at the base of the nozzle, at a
distance of 20' from the test specimen. The third hose stream
satisfies the review criteria based on a 32 inch square test region.

Justification: Not Applicable

n. Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) -

Yes O No O Meets Intent (See Justification)

. : Discussion: The fire test satisfies the review criteria. The third hose
stream test applied to the test specimen used a standard playpipe
with a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The nozzle was at a
distance of 20' from the test specimen and the test was for a
duration of 14 seconds.

Justification: Not Applicable

o. The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 44
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

O Yes J No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The ambient temperature at the beginning of the specimen for this
test is between 50°F to 90°F.

' | Justification: This value is based on the "Furnace Atmosphere
Temperature” table located in Appendix B of the fire test report,
which lists the average thermocouple temperature at time 0:00 as
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73°F inside the test furnace and on the “Unexposed Temperature
Readings” table located in Appendix B of the fire test report, which
indicates thermocouple temperatures at time 0:00 as between 68°F
and 72°F. As for the velocity of air across the unexposed surface
of the test specimen, this test was performed at Construction
Technology Laboratories (CTL) in Slokie, lllinois. Because of the
limited description of this facility provided in the test report, it was
necessary to contact CTL to obtain sufficient information to
determine compliance with the WBN test requirements. Based on
conversations with CTL personnel documented by Record of
Conversation 0006-00922-ROC-001 (Reference 7.29), the slab
furnace at CTL is located indoors at a conditioned laboratory.
Unexposed side air velocity within the test environment was not
significant, and although actual conditions were not recorded in the
test report, unexposed side laboratory conditions were not
expected to have adversely affected the test results. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: Not Applicable. Since penetrations 1 through 4 were
mechanical penetration seals, IEEE 634 requirements do not

apply.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
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for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations
1 through 4 successfully passed the fire endurance portion of the
test without passage of flame through the penetration or flaming on
the unexposed side of the penetration for a duration of 3 hours.
Additionally, penetration 3 and penetration 4 successfully passed

‘the fire endurance portion of the test without transmission of

sufficient heat to raise the temperature on any unexposed surface
thermocouple more than 325°F above its initial temperature for a
duration of 3 hours. (Reference "Synopsis" on page 1 of the fire -
test report). Penetration 1 through 4 each therefore achieve an F
rating of 3 hours.

The maximum temperature achieved by either of the surface
thermocouples on penetration 3 was 283°F (Reference tables
"Thermocouple Reference Chart" and "Unexposed Temp.
Readings" in Appendix B of the fire test report). The maximum
temperature achieved by either of the surface thermocouples on
penetration 4 was 108°F (Reference tables "Thermocouple
Reference Chart" and "Unexposed Temp. Readings" in Appendix B
of the fire test report). The limiting endpoint temperature of 393°F
(325°F plus ambient) was not exceeded (Reference checklist item
"o" for a discussion of ambient temperature). Penetration 3 and
penetration 4 each therefore achieve a T rating of 3 hours.

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The synopsis
on page 1 and the “Test Comments " in Appendix B of the fire test
report states that no water projected beyond the unexposed side of
the test assembly at penetrations 1 through 4 during the three hose
stream tests. :

Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

X Yes ] No [0 Meets Intent (See Justification)

Discussion: Not Applicable. Since penetrations 1 through 4 were

mechanical penetration seals, |IEEE 634 requirements do not
apply.

“Justification: Not Applicable
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C.13

Fire Test ICC0386023

Fire Test Number; 1CC0386023

Fire Test Title/Date: Fire and Hose Stream Tests for Penetration Seal
Systems (WE-PSS1),dated May 1986

Fire Test Summary: This test report documents the results of a fire test
conducted on 3 penetration seal configurations installed in a single test
slab. Specifically, the penetration seal configurations of importance are
penetration 1 and the two penetrating conduit seal configurations. A brief
description of each of these configurations is as follows:

Penetration 1 was 12" opening penetrated by a 2" thin wall conduit with
condulet fittings at each end and a 4" rigid conduit with condulet fittings at
each end. Seal material in Penetration 1 consisted of a 12" thickness of
ICMS Product 50 with no damming material. Seal material in both the 2"
and the 4" conduits consisted of full depth thickness of Dow. Corning 3-
6548 silicone foam with Carborundum Fiberfrax Durablanket damming
material installed in the condulet fittings at both ends of each conduit.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples

" shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by three thermocouples located 12"
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below the test slab (Reference section "Fire Test", page 8 of the
test report). ’

Justification: The furnace used to perform this fire test was the
slab furnace at Construction Technology Laboratories (CTL) in
Skokie, lllinois. Because of the limited description of this furnace
provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), the slab furnace at CTL is described as a down
draft type furnace with interior dimensions of approximately 36" x
36". Temperatures within the furnace are generally monitored by
three (3) thermocouples located 12" from the test slab. = The
furnace is heated by three (3) burners, and due to small area of the
test furnace, conditions across the exposure area of the test
furnace are expected to have been consistent. Internal tests
performed by CTL substantiate that there was a uniform heat flux
across the exposed test slab within the furnace. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

Yes [ No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report listed

~ furnace temperatures every 5 minutes throughout the first 2 hours
" of the test and every 10 minutes thereafter. (Reference Appendix

B of the test report, table "Furnace Atmosphere Temperature”).

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area -
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
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. corresponding area under the standard time-temperature curve for

fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 0.027% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0386023). The fire test report
indicates that the percent difference between the area under the
furnace time-temperature curve and the area under the standard
time-temperature curve was 0.0289% (Reference Appendix A of
the fire test report, table "Furnace Atmosphere Temperature”).

Justification: Not Applicable

' ' d. ASTM E-814-83 requires that temperatures of unexpcsed surfaces
, shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

O Yes O No Meets Intent (See Justification)
Discussion: See Justification

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in  Skokie, lllinois.
Because of the limited information with respect to thermocouple
pads provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), it was general practice for CTL to use
thermocouple pads to cover thermocouples placed on the
. \ unexposed side of test specimens. Based on this information in
conjunction with the information contained in the fire test report, the
intent of this review criteria has been satisfied by the fire test.
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e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations,.as a minimum:

1. On the unexposed surface of the penetration seal assembly.
‘At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
“was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

. IEEE-634 requires that, for cable fire stops, readings shall be taken

[l Yes J No Meets Intent (See Justification)

Discussion:. The fire test provides two examples of penetration
seal systems, which will be reviewed separately as follows:

1) The penetration and the two conduit penetrating items meet the
intent. of the review criteria. The penetration had six
thermocouples located on the unexposed surface of the
penetration seal assembly. One atthe interface of the penetration
and seal material, one at the interface of each conduit and seal
material and three on the unexposed surface of the seal material
(Reference Appendix B of the fire test report, table "Thermocouple
Reference Chart").

. 2) The two internal condulet seal systems will be reviewed as hot
gas/smoke seals and not as internal conduit fire stops due to the
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tested configuration having one seal on each side of the test slab
(Refer o checklist item “p”).

Justification: 1) The penetration satisfies the ASTM EB14
requirement to have three thermocouples record unexposed side
surface temperatures. However, the requirement to have one
thermocouple placed approximately 1 to 3 inches above the
unexposed side surface of the penetration seal is not satisfied.
Although a thermocouple is not placed specifically on the conduit
penetrants 1 to 3 inches from the seal surface, the thermocouple
placement is considered to meet the intent of the review criteria.
This is based on the fact that only the temperature readings from
the thermocouples located on the surface of the seal material are
considered when determining acceptance of a penetration seal
assembly based on limiting endpoint temperature (Refer to
checklist item "q"). - :

2) Due to the use of two condulet fire seals in each conduit, one
on the exposed side and one on the unexposed side, the internal
conduit seal systems will be reviewed as hot gas/smoke seals, as
such, thermocouple placement will not be part of this review (Refer
to checklist item “p”).

Temperature readings shall have been taken at intervals not

exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

XlYes 0 No CIMeets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout
the first 2 hours of the test and every 10 minutes thereafter
(Reference Appendix B of the test report, table "Unexposed
Temperature Readings").

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
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smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and |[EEE 634-1978, as
described above)

Yes [ No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix B of
the test report includes a section entitled "Test Comments" in
which observations of the test assembly were documented during
and after the fire test and after the hose stream test. (Reference
Appendix B - "Test Comments")

Justification: Not Applicable
Per ASTM E-814-83 requirements, when the indicated resistance

period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the

~ classification. This shall be performed per section 11.2 of ASTM

E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
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selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either -
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a fioor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification. -

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration. ‘

The process of evaluating the test specimen to determine if it is
“truly representative of the fire stop for which Cclassification is
desired" is addressed in Section 3.0 of this report. ‘

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side.- Vertical cables-in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and |IEEE 634-1978, as described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. All
penetrating items extended 1' minimum on the exposed side of the
slab and 3' minimum on the unexposed side. (Reference "Test
Assembly WE-PSS1", page 1 of the fire test report)
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Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978) '

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that the tested configuration was
exposed to a 3 hour fire test and that the fire did not penetrate
penetration 1 nor did flaming occur on the unexposed side as a
result of heat conduction. Therefore, the test specimen s

considered to have withstood the fire test conditions without failure. -

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE €634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes ] No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test states that immediately after the fire test, the test
assembly was removed from the furnace and subjected to three
hose stream tests.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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' h Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
" Resistance Period of Nozzle, psi Seconds per ft? (m?) of
' (kPa) Exposed Area
240 minutes and over if - 45 (310) 3.0 (32)
less than 480 min _
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min :
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
‘ electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
‘ The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes J No O Meets Intent (See Justification)

\

‘ Discussion: The fire test satisfies the review criteria. The test was
subjected to three hose streams in all, each applied for a 24
second duration. The first was through a 1-1/2" diameter hose with

! : a nozzle set at a 30° angle . The discharge was at a rate of 75 gpm
and a distance of 10'. The second was through a 1-1/2" diameter
hose with a nozzle set at a 15° angle The discharge was at a rate
of 75 gpm and a distance of 10'. The third test used a standard
playpipe with a 1-1/8 diameter tip discharging a solid stream of
water at a pressure of 30 psi at the base of the nozzle, at a
distance of 20' from the test specimen. The third hose stream
satisfies the review criteria.

‘ Justification: Not Applicable
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Per ASTM E-814-83 requirements, the nozzle orifice shall have

been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the

“distance from the center of the exposed surface shall have been

less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The third hose
stream test applied to the test specimen used a standard playpipe
with a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The nozzle was at a
distance of 20' from the test specimen and the test was for a
duration of 24 seconds. '

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
f/sec. (ASTM E-814-83 and |EEE 634-1978)

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The ambient temperature on the unexposed surface of the
specimen for this test is assumed to be 79°F.

Justification: This value is based on the "Unexposed Temperature '
Readings" table located in Appendix B of the fire test report, which
lists the temperature at time 0:00 as 79°F for several
thermocouples. Use of the lowest recorded initial temperature
results in the most conservative limiting endpoint temperatures. As
for the velocity of air across the unexposed surface of the test
specimen, this test was performed at Construction Technology -
Laboratories (CTL) in Slokie, lllinois. Because of the limited
description of this facility provided in the test report, it was
necessary to contact CTL to obtain sufficient information .to
determine compliance with the WBN test requirements. Based on
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conversations with CTL personnel documented by Record of
Conversation 0006-00922-ROC-001 (Reference 7.29), the slab
furnace at CTL is located indoors at a conditioned laboratory.
Unexposed side air velocity within the test environment was not
significant, and although actual conditions were not recorded in the
test report, unexposed side laboratory conditions were not
expected to have adversely affected the test results. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test. ‘

Per |IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978) :

Yes O No [0 Meets intent (See Justification)

Discussion: Penetration 1 contained conduits as penetrating
items. Therefore, penetration 1 itself was reviewed as a
mechanical penetration seal, IEEE-634 requirements do not apply.
The two condulet seal systems satisfy the review criteria by
successfully passing the fire endurance portion of the test without
passage of flame through the condulet seals or flaming on the
unexposed side of the condulet seals for a duration of 3 hours
(Reference "Synopsis” of the fire test report). The two condulet
seal systems are considered hot gas/smoke seals and will not be
used to justify specific WBN typical penetration seal details.
Therefore, hot gas/smoke seals will not be reviewed against this
checklist item for unexposed surface temperatures.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
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requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration 1
successfully passed the fire endurance portion of the test without
passage of flame through the penetration or flaming on the
unexposed side of the penetration for a duration of 3 hours
(Reference "Synopsis" of the fire test report). Penetration 1
therefore achieved an F rating of 3 hours. ' '

The maximum temperature achieved by any of the surface
thermocouples on penetration 1 was 158°F (Reference tables
"Thermocouple Reference Chart" and "Unexposed Temp.
Readings" in Appendix B of the fire test report). The limiting
endpoint temperature of 404°F (325°F plus ambient) was not
exceeded (Reference checklist item "o" for a discussion of ambient
temperature). Penetration 1 therefore achieved a T rating of 3
hours.

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report states that no water projected beyond the
unexposed side of the test assembly at penetration 1 during the

three hose stream tests.

Justification: Not Applicable
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Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread- rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes a No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies 'the review criteria. Penetration

1 itself was reviewed as a mechanical penetration seal, IEEE-634

requirements do not.apply. The two condulet seal systems utilized
Dow Corning 3-6548 RTV silicone foam material aild Carborundum
Fiberfrax Durablanket material. Dow Corning 3-6548 has a flame
spread rating of 15. The Carborundum Fiberfrax Durablanket is
generally accepted as “non-combustible” material.

Justification: Not Applicable
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. " C.14 Fire Test ICO1091035

Fire Test Number: ICO1091035

Fire Test Title/Date: 3 Hour Fire Resistance Evaluation of Ten Different
Fire Penetration Seal Designs, dated October 12, 1890

Fire Test Summary: This test report documents the results of a fire test
conducted on 10 penetration seal configurations installed in a two 12°
thick test slabs. Because some of the penetration seal configurations
covered by this fire test were not used to support WBN typical penetration
| seal details, the review of this fire test report is limited to those
| penetration seal configurations required to support WBN typical seal
| details. Specifically, the penetration seal configurations of importance are
penetrations 1, 2, 3, 4, 5 7 and 9. A brief description of each of these

~ configurations is as follows: o

Penetration 1 was a 24"x24" steel lined opening cast into slab-1.
The opening was further subdivided into 12"x24" openings utilizing
an 18 gauge sheet steel divider installed flush to the exposed side
of the slab, measuring 24"x8%". One opening was penetrated by a

. 4"x18" solid back cable tray and the other opening was penetrated
by a 4’x18" ladder back cable tray. Each tray was loaded with
134% visual cable fill consisting of 33-1/3% each of power, control
and instrumentation cable. The power cable had PVC jacketing,
control and instrumentation cables each had XLPE insulation and
PVC jacketing. Seal material for both openings consisted of 8%
1/8" of Dow Corning 3-6548 Silicone RTV Foam (23.7 pcf density),
Carborundum 1” thick Duraboard LD installed on the exposed side
of the slab using mechanical fasteners and Carborundum 1" thick
Duraboard LD installed on the unexposed seal surface, pressure fit
into the opening. Carborundum Durablanket S was used to
complete damming, (e.g. around cables, etc.).

Penetration 2 was a 6" x 20" rectangular blockout lined with 1/4"
thick steel plate cast into slab 1. The opening was penetrated by a
cable bundle (100% visual fill) consisting of a combination of
power, control and instrumentation cables. Cables consisted of
17.89% actual fill of power cable, 16.67% actual fill of control cable
and 16.68% actual fill of instrumentation cable. The power cable
had PVC jacketing, control and instrumentation cables each had
XLPE insulation and PVC jacketing. Seal material for the
. penetration consisted of a 12" depth of Dow Corning 3-6548
Silicone RTV Foam (22.6 pcf density), without damming material.
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Penetration 3 was 14" diameter, schedule 40 steel sleeve cast into
slab 1. The sleeve had no penetrations. Seal material for the
penetration configuration consisted of a 12" depth of Dow Corning
3-6548 Silicone RTV Foam (19.5 pcf density).

Penetration 4 was a 6" x 20" rectangular blockout lined with 1/4"
thick steel plate cast into slab 2. The steel liner was installed flush
with the unexposed side of the test slab and extended 4" beyond
the exposed side of the test slab. The opening was penetrated by
a cable bundle (100% visual fill) consisting of a combination of
power, control and instrumentation cables. Cables consisted of
17.89% actual fill of power cable, 16.67% actual fill of control cable
and 16.68% actual fill of instrumentation cable. The power cable
had PVC jacketing, control and instrumentation cables each had
XLPE insulation and PVC jacketing. Seal material for the
penetration consisted of a12" + 1/4" depth of Dow Corning 3-6548
Silicone RTV Foam (23.3 pcf density). A 1" thickness of
Carborundum Duraboard LD damming material was secured with
mechanical fasteners to the bottom of the sleeve extension, 4"
below the exposed face of the test slab. No damming was present
on the unexposed seal surface.

Penetration 5 was a 14” diameter steel sleeve cast into slab 2. The
sleeve was penetrated by a 2" diameter schedule 40 steel pipe that
was sealed on the exposed side with a steel plate welded to the
bottom of the pipe. Additionally the pipe was installed eccentric to
the sleeve so at one point the distance from the pipe edge to the
inside sleeve surface was 8". Sleeve extension inserts consisting
of 16 gauge galvanized steel sheet metal were installed inside the
14" diameter. sleeve using Dow Corning 96-081 Silicone RTV
Adhesive/Sealant. Seal material for the penetration configuration
consisted of a dual layer boot system, comprised of an inner layer
of Carborundum Fibersil 36-400-U and an outer layer of Arlon
56493F031 fabric. These double later boots were attached. on
both the exposed and unexposed surfaces to the sleeve extension
inserts and to the 2" pipe with stainless steel bands. The 2" pipe
had a heat shields consisting of a 1" thickness of calcium silicate
insulation applied at the point where the boot systems were
attached and along its length inside the boots.

Penetration 6 is not used to support WBN typical penetration seal
details, and is therefore not included in the review of this fire test
report.




Engineering Report: 0006-00922-02 Appendix C

Revision: 0

Page C172 of C388

Penetration 7 was a 12" diameter, schedule 40 steel sleeve cast
into slab 2. The sleeve was penetrated by a 2" diameter schedule
40 steel pipe installed concentric to the sleeve and sealed on the
exposed side with a steel plate welded to the bottom of the pipe.
Sleeve extension inserts consisting of 16 gauge galvanized steel
sheet metal were installed inside the 14" diameter. sleeve using
Dow Corning 96-081 Silicone RTV Adhesive/Sealant.  Seal
material for the penetration configuration consisted of a dual layer
boot system, comprised of an inner layer of Carborundum Fibersil
36-400-U and an outer layer of Arlon 56493F031 fabric. These
double later boots were attached on both the exposed and
unexposed surfaces to the sleeve extension inserts and to the 2"
pipe with stainless steel bands. The 2" pipe had a heat shields -
consisting of 18 gauge sheet steel inner and outer collars
separated by a radial fin. A 2" thickness of calcium silicate
insulation was installed on the pipe between the point where the
boot systems were attached, along its length inside the boots.

Penetration 8 is not used to supportAWBN typical penetration seal
details, and is therefore not included in the review of this fire test
report.

Penetration 9 was a 6" diameter steel electrical conduit sleeve cast
into slab 1, consisting of a 6" diameter short nipple with a 6”
diameter conduit connector screwed on to each end. The total
length of this assembly was 12" and it contained female threads on
each end. The assembly was cast into the concrete slab with both
ends flush with the slab surfaces. A standard male-threaded 6"
diameter steel cap was installed on both the exposed and
unexposed sides of the conduit assembly. This specimen did not
contain a penetrating item and represented a blank or spare
opening.

Penetration 10 is not used to support WBN typical penetration seal
details, and is therefore not included in the review of this fire test
report.

The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per |IEEE 634-
1978, use not less than three thermocouples .for each cable
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*. , penetration fire stop. For both standards, the exposed length of
- the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |EEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace

temperature was measured by four thermocouples located 12"

below the test slabs (Reference section "Test Procedure”, page 2
- of the test report). .

Justification: Not Applicable

b. The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83

’ and IEEE 634-1978)

Yes ] No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report lists
furnace temperatures every 1 minute throughout the 3 hour
duration of the fire endurance test for both slab 1 and slab 2
(Reference Appendix B1 and Appendix B2 of the test report).

- Justification: Not Applicable

C. The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-

’ temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |IEEE 634-1978)
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& Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve for slab 1 was calculated
to be within -0.780% of the standard time-temperature curve. The
area under the furnace time-temperature curve for slab 2 was
calculated to be within -1.677% of the standard time-temperature
curve. (Refer to the calculation and graph provided in Attachment
3 of this report). The fire test report indicates that, “the furnace
temperature during the fire test is controlled such that the area
under the time/temperature curve is within 5% of the corresponding
area under the standard time/temperature curve for the three hour
test period” (Reference section “Test Procedure’, page 3 of the test
report).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces

" shall be measured with thermocouples placed under 2" x 2" flexible

pads of a suitable inorganic material. 1EEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

Yes O No [0 Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria.

Thermocouples were covered by 2" x 2" x 0.4 felted mineral fiber
pads, (Refer to section “Test Procedure”, page 3 of the test report).

Justification: Not applicable

For ASTM E-814-83 tests, unexposed side temperatures shall have

been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
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‘ was 'such that unexposed side surface temperatures for the
' entire penetration seal were represented. '

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
| ' : contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacketffire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

J Yes [J No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 1 had, as a minimum, at least one thermocouple at
each of the following locations; on the top surface of the steel liner,

. on the surface of the penetration seal, at the cable tray/seal
interface, on the cable tray 1" above the seal surface, on each type
of cable at the cable/seal interface and on each type of cable 1"
above the seal surface. Penetration 1 therefore satisfies the
review criteria.

Penetration 3 had two thermocouples on the top surface of the
steel liner and two thermocouples on the silicone foam seal
surface. Penetration 3 therefore satisfies the review criteria.

Penetration 5 had, as a minimum, at least one thermocouple at
each of the following locations; on the side of the steel liner close

" to the top of the slab, on the boot material approximately half way
up, on the 2" pipe at the interface with the pipe insulation, on the 2"
pipe 1" above the interface with the pipe insulation and on the top
surface of the pipe insulation. Penetration 5 therefore satisfies the
review criteria.

Penetration 7 had, as a minimum, at least one thermocouple at
each of the following locations; on the side of the steel liner close
to the top of the slab, on the boot material approximately half way
. up, on the 2" pipe at the pipe/heat shield interface, on the 2" pipe
1" above the pipe/heat shield interface, on the side of the heat
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shield under the strap and on the top surface of the heat shield.
Penetration 7 therefore satisfies the review criteria.

Penetration 9 had two thermocouples on the top surface of the
steel liner, one thermocouple on the steel plug at a high point and
one thermocouple on the steel plug at a low point. Penetration 9
therefore satisfies the review criteria.

Reference Appendix A, “Thermocouple Placement Figures®.

Penetration 2 had, as a minimum, at least one thermocouple at
each of the following locations; on the top surface of the steel liner,
on each type of cable at the cable/seal interface and on each type
of cable 1" above the seal surface. Penetration 2 meets the intent
of the thermocouple configuration requurements of this checklist
item (See Justification)

Penetration 4 had, as a minimum, at' least one thermocouple at
each of the following locations; on the top surface. of the steel liner,
on each type of cable at the cable/seal interface and on each type

of cable 1" above the seal surface. Penetration 4 meets the intent

of the thermocouple configuration requirements of this checklist
item (See Justification).

Reference Appendix A, “Thermocouple Placement Figures”.

Justification: Penetrations 2 and 4 are representative of through
barrier penetrations with high cable fill condition. The penetration
seal configurations tested provided for thermocouples to be placed
at conductor/seal interfaces, but lacked sufficient free seal surface
area to place a surface thermocouple as required per IEEE-G34.
However, based on the discussion above, the available
thermocouple placements provide an acceptable alternative to the
method described in IEEE-634 (Refer to checklist item "q").

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report lists
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specimen thermocouple temperatures every 1 minute throughout
" the 3 hours of the test (Reference Appendix B1 and B2 of the test
report).

Justification: Not Applicable

g. Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The section
“Test Results”, pages 25 through 33 of the test report, documents
observations made of the test assembly during and after the fire
test and after the hose stream test.

Justification: Not Applicable

h. Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes J No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable; therefore

this checklist item is not applicable.

Justification: Not Applicable
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ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire
stops which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configurations.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shalil
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
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floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  All
penetrating items for penetrations 1, 2, 4, 5 and 7 extended 1’
minimum on the exposed side of the slab and 3' minimum on the
unexposed side. Penetration 9 was flush with both slab surfaces,
but this is acceptable since it is typical of an actual spared conduit
sleeve. Penetration 3 had no penetrations, (Reference '"Test
Assemblies”, page 8 and Appendix A "Construction Drawings" of
the fire test report)

- Justification: Not Applicable.

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The section
“Test Results”, page 25 through 33, of the fire test report indicates
that the tested configurations were exposed to a 3 hour fire test
and no flaming occurred on the unexposed surface of any of the
penetrations. Therefore, the test specimens are considered to
have withstood the fire test conditions without failure.

Justification: Not Applicable

" The hose stream test shall be performed on the test specimen

immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The section
“Test Result”, pages 25 and 29 of the fire test, states that
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immediately after the fire test, the test assembly was removed from
the furnace and subjected to two hose stream tests.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1. '

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application

Resistance Period of Nozzle, psi Seconds per ft* (m?) of

(kPa) Exposed Area

240 minutes and over if 45 (310) 3.0(32)
less than 480 min

120 min and over if 30 (210) 1.5 (16)
less than 240 min

90 min and over if less - 30 (210) 0.9 (10)
than 120 min

60 min and over if less 30 (210) 0.6 (6)
than 90 min

desired

less than 60 min if 30 (210) 0.6 (5)

For cable penetration fire stops, per |IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Each test

assembly was subjected to two hose streams in all, each applied
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for a 1:41 (min:sec) duration. The first was through a 1-1/2"
diameter hose with a nozzle set at a 30° angle The discharge was
at a rate of 75 gpm and a distance of 10".  The second test used-a
standard playpipe with a 1-1/8 diameter tip discharging a solid
stream of water at a pressure of 30 psi at the base of the nozzle.
The hose stream was delivered at an estimated angle of 30° away
from normal, so the nozzle tip was positioned 17 feet from the
center of the exposed face of the test slab. The applied hose
stream tests satisfy the requirements of the review criteria for both
the electrical and mechanical penetration seals contained in each
test slab.

Justification: Not Applicable
Per ASTM E-814-83 requirements, the nozzle orifice shall have

been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the

“distance from the center of the exposed surface shall have been

less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The first test
used a 1%’ hose discharging through a nozzle producing a 30°
included angle of spray, with a nozzle pressure of 75 psi, from a
distance of 10 feet. The second test used a standard playpipe with
a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The hose stream was
delivered at an estimated angle of 30° away from normal, so the
nozzle tip was positioned 17 feet from the center of the exposed
face of the test slab.

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/'sec. (ASTM E-814-83 and |IEEE 634-1978)
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Yes [ No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient

temperature at the beginning of the test for slab #1 was
documented as 78°F and for slab #2 as 77°F, (Reference “Test
Results”, page 25 through 33 of the fire test).

As for the velocity of air across the unexposed surface of the test
specimen and the use of mechanical ventilation, this test was
conducted at the Omega Point Laboratories fire test facility which
uses furnaces that are indoors. ~Wind velocities over the
unexposed surface of the test assembly are insignificant (Refer to
Attachment 4 of this report). :

Justification: Not Applicable.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

O Yes [ No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 1 satisfies the fire endurance portion of the review
criteria based on the documented fire test observations found on
page 25. Penetration 1 meets the intent of the transmission of heat
criteria as a single thermocouple exceeded the temperature
limitation at 179 minutes into the test and only exceeded the limit
by a minor 6°F. The table of discrete thermocouple readings
provided in the test report for Penetration 2 documents the
maximum temperature for any thermocouples as 748°F on a 250
MCM cable at the cable/seal interface and at 904°F on a 250 MCM
cable 1" above the seal surface. The table of discrete
thermocouple readings provided in the test report for Penetration 4
documents applicable thermocouple temperatures as below the
limiting criteria.  Penetrations 3, 5, 7, and 9 are reviewed as
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mechanical penetration fire stops and therefore were not reviewed
against this review item.

Justification: Penetration 1 had a total of 21 thermocouples
recording temperatures at the surface of the seal. Sixteen (16) of
which were at seal/cable and sealltray interfaces. Of these, only
one (1) thermocouple (T/C#31) reading, at 179 minutes into the
test, exceeded the IEEE-634 limitation of 700°F by a margin of 2°F.

" “Thermocouple T/C#31, positioned at a power type cable, reached

706°F at 180 minutes. Whereas, three (3) similarly positioned
T/C's, 18,19 & 30, reached 532°F ,523°F & 699°F respectively. All
thermocouple temperatures were well below the lowest auto-
ignition temperature of 835°F for WBN cabling. Based on the
above, the fire test results for Penetration 1 meet the intent of the
review criteria. Penetration 2 did not meet the requirements for
180 minutes however testing does qualify this configuration for a
2:32 (hr:min) duration. Additionally, penetration 2 did not allow
passage of flame or gases hot enough to ignite the cable or fire
stop material on the unexposed side of the penetration for the
entire 180 minute fire duration.

Per ASTM E-814-83 requirements for an F ratingithe assembly
shall have withstood the fire endurance test without passage of

flame through the opening nor shall there have been any flaming .

on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83) ‘

' Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report for
Penetrations 3, 5, 7 and 9 documents applicable unexposed seal
surface thermocouple temperatures as below the limiting criteria for
penetrations 3, 5 and 7. Therefore, based on this test review
Penetrations 3, 5 and 7 meet the requirements for an F rating of
180 minutes and a T rating of 180 minutes. Penetration 9
exceeded the limiting temperature at 108 minutes into the test.
Therefore, based on this fire test review. Penetration 9 meets the
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. R requirements for an F rating of 180 minutes and a T rating of 107
minutes.  Penetrations 1 and 4 are reviewed as electrical
penetration fire stops and therefore were not reviewed against this

review item. '

Justification: Not Applicable

r. The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

B ves 0O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations
3, 5 7 and 9 are reviewed as mechanical penetrations and
therefore, subject to the hose stream test requirements of ASTM E-
814-83 and based on fire test results, these penetrations passed
all hose stream tests. Penetrations 1 and 4 are reviewed as

. electrical penetrations and therefore, subject to the hose stream
test requirements of IEEE-634 and based on the fire test results,
Penetration 1 successfully passed the required IEEE-634 hose
stream test and failed the mechanical hose ~stream test.
Penetration 4 passed all hose stream tests. (Reference section
“Test Results”, pages 25 through 33 of the test report).

Justification: Since Penetration 1 is not reviewed against the hose
stream test requirements of ASTM E-814-83. The results of a E-
814-83 hose stream test are not applied to this penetration.

S. Per |IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification) '

Discussion: The fire test satisfies the review criteria. Penetrations
. 1, 2 and 4 seal system utilized Dow Corning 3-6548 Silicone RTV

Foam and Carborundum Fiberfrax Duraboard LD and Durablanket
S material. Dow Corning 3-6548 has a flame spread rate of 15.
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The Carborundum Fiberfrax Duraboard LD and Durablanket S are
generally accepted as “non-combustible” material. Since
penetrations 3 5, 7 and 9 were reviewed as mechanical seal
systems, |IEEE-634 requirements do not apply.

Justification: Not Applicable
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C.15 Fire Test ICS0879002

Fire Test Number: 1CS0879002

Fire Test Title/Date: Fire Qualification Test on Floor Penetration Seals,
dated November 30, 1979.

Fire Test Summary: This test report documents the results of a fire test
conducted on 18 penetration seal configurations installed in a single test
slab. Because some of the penetration seal configurations covered by
this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration
seal configurations required to support WBN typical seal details.
Specifically, the penetration seal configurations of importance are
penetrations 3,6 and 9. A brief description of each of these configurations
is as follows:

Penetration 3 was a 4" diameter galvanized steel conduit
embedded flush, 12" long, with the test slab surfaces. The conduit
was penetrated by 100% visual loading of PVC jacketed
instrumentation - and control cables.  Seal material for the
penetration configuration consisted of 6" thickness of Dow Corning
3-6548 RTV silicone foam and 1" thickness of Carborundum
.Fiberfrax Durablanket as damming material. '

Penetration 6 was a 4" diameter galvanized steel conduit
embedded flush, 12" long, with the test slab surfaces. The conduit
was penetrated by 100% visual loading of PVC jacketed
instrumentation and control cables.  Seal material for the
penetration configuration consisted of 2" thickness of Dow Corning
96-081 RTV Adhesive/Sealant and 1" thickness of Carborundum
Fiberfrax Durablanket as damming material.

Penetration 9 was a 42"x36" blockout. The blockout was
penetrated by two (2) 4’x12” aluminum ladder back cable trays with
100% visual loading of PVC jacketed instrumentation and control

" cables. Seal material for the penetration configuration consisted of
9" thickness of Dow Corning 3-6548 RTV silicone foam and 1°
thickness of Carborundum Fiberfrax Hotboard as damming
material.
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The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft* of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by six thermocouples located 12"
below the test slab (Reference section "Test Facility”, page 48 of
the test report).

Justification: Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

‘Discussion: The fire test satisfies the review criteria. - The table of

discrete thermocouple readings provided in the test report lists the
average furnace temperatures every 5 minutes throughout the first
2 hours of the test and every 10 minutes thereafter, (Reference
section “Test Facility” Table 3, page 51 of the test report).

Justification: Not Applicable
The accuracy of the furnace control shall be such that the area

under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
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corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes 0O No OO0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be

_within 0.543% of the standard time-temperature curve (Reference

the calculation and graph provided in Appendix D of this
engineering report for fire test ICS0879002). The fire test report
does not specifically address differences between the area under
the furnace time-temperature curve and the standard time-
temperature curve. The test report does provide a table and graph
of averaged furnace thermocouple temperatures, (Reference
“Figure 25", page 50 and “Table 3", page 51 of the fire test report).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. |EEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The test specimen was subjected to a three hour fire test in
accordance with the standard time-temperature relationship set
forth in ASTM E-119 (Reference “Summary” of the fire test report).

Justification: ASTM E-119 requires that the thermocouples be
placed under flexible, dry, felted asbestos pads. This method of
attachment protects thermocouples from possible cooling effects of
unexposed side ambient air temperatures, (e.g., the influence of air
velocity across the unexposed side of the seal assembly). The
method of thermocouple attachment is not described in the text of




Engineering Report: 0006-00922-02 Appendix C

Revision: 0

- Page C189 of C388

Fire Test Report ICS0879002. However, credit is taken for the
qualification of the testing establishment (Southwest Research
Institute). Therefore, based on the above discussion, the method
of thermocouple attachment provides an acceptable alternative to
the method described in ASTM E-814-83 and IEEE 634-1978.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the foliowing locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material. |

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations
3 and 6 were each thermocoupled at the seal surface, seal/cable
interface and on a cable 3" up from the seal surface. - Penetrations
3 and 6 did not contain a through metallic component. Penetration
9 was thermocoupled as delineated in this checklist item. Based
on the discussion above Penetrations 36 and 9 meet the
requirements of IEEE-634. Since Penetrations 3,6 and 9 are
electrical seal systems, ASTM E-814-83 is not applicable,
(Reference section “Unexposed Surface Thermocouple Data’,
page 59 of the fire test report).
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Justification:” Not Applicable

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1 978)

Yes 0 No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The table of

discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 15 seconds

throughout the 3 hours of the test, (Reference section “Unexposed

Surface Thermocouple Data”, page 59 of the test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per |IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above)

Yes J No [0 Meets Intent (See Justification) -
Discussion: The fire test satisfies the review criteria. Observations
of the test assembly were documented during and after the fire test

and after the hose stream test, (Reference "Test Results", Table 4,
page 54 of the test report). )

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
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the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable. .

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically. so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration.
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The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is

" desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and 'a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to

‘simulate continuous cables in an actual installation. (ASTM E-814-

83, as described above and IEEE 634-1978, as described above)
[ Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The test specimens were constructed to be representative of actual
field configurations, that is, with penetrating items protruding from
both sides of the barrier. The test report does address penetrant
lengths for mechanical configurations in section “Penetration
Loading”, page 8 of the test report.

‘Justification: |IEEE 634-1978 requires that the cable within the

penetration or the raceway passing through the penetration
protrude 3 to 5 ft. on the unexposed side and a minimum of 1 ft. on
the exposed side. The distance of protrusion: for electrical
penetrations is not described in the text of Fire Test ICS0873002.
However, Appendix |l “Photographs of Installations and Fire
Exposure Period” provides evidence that penetrating items did in
fact extend from the exposed and unexposed surfaces of the test
slab and credit is taken for the qualification of the testing
establishment (Southwest Research Institute). Therefore, based
on the above discussion, there is reasonable assurance that
penetrating items did extend from the exposed and unexposed
surfaces of the test slab as described in ASTM E-814-83 and
IEEE-634-1978.

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
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for a peridd edual to that for which classification is desired. (ASTM
E-814-83 and |EEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. ~ The
“Summary of Test Results” of the fire test report indicates flame did
not penetrate nor did flaming occur on the unexposed side as a
result of heat conduction. Therefore, the test specimen s
considered to have withstood the fire test conditions without failure.

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.

(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may

be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The fire test
documents that immediately after the fire test, the test assembly
was removed from the furnace and subjected to hose stream
tests,(Reference section “Test Observations”, Table 4, page 55 of
the fire test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application

Resistance Period ~ of Nozzle, psi Seconds per ft* (m?) of

(kPa) Exposed Area

240 minutes and over if 45 (310) 3.0 (32)
less than 480 min '

120 min and over if ‘ 30 (210) 1.5 (16)
less than 240 min

90 min and over if less 30 (210) 0.9 (10)
than 120 min

80 mnandover ifless | -~ 30(210) 06 (6)
than 90 min

desired

less than 60 min if 30 (210) 0.6 (6)

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes 0O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test
assembly was subjected to one hose stream of 120 second
duration and then two additional hose streams of 30 second
duration were applied to Penetration 9. The first was through a 1-
1/2" diameter hose with a nozzle set at a 30° angle The discharge
was at a rate of 75 gpm and a distance of 10'. The second and
third hose stream applied to Penetration 9 will not be discussed as

‘the first hose stream satisfies the review criteria.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet frorm the center of the exposed surface and shall have
been perpendicular to the test specimen. [f otherwise located, the
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distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of

deviation from the perpendicular position. For cable penetration

fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above)

Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The first hose
stream test applied to the test specimen used a 1-1/2" diameter
hose with a nozzle set at a 30° angle delivered from a distance of
10 feet and the test was for a duration of 120 seconds, (Reference
section “Test Procedures”, page 53 and “Test Observations- Table
4" page 55 of the test report).

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to S0°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

O Yes J No Meets Intent (See Justification)
Discussion: The fire test meets the intent of the review criteria.

The ambient temperature on the unexposed surface of the
specimen for this test is assumed to be 83°F.

Justification: This value is based on the "Unexposed Surface

Thermocouple Data" of the fire test report, which lists the
temperature at time 0:00 as 83°F for two thermocouples. Use of
the lowest recorded ambient temperature results in the most
conservative limiting endpoint temperatures. As for the velocity of
air across the unexposed surface of the test specimen. The test
report indicates that a building was erected specifically for this test
to meet ASTM E-119 standards and that the structure was
adequate to prevent excessive air currents across the unexposed
surface of the slab (Reference “Test Facility”, page 48 and
"Unexposed Surface Thermocouple Data”, page 59 of the test
report). )
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Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978) '

Yes 1 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The fire test
indicates that there was no passage of flame or gases hot enough
to ignite the cable or other fire stop material on the unexposed side
of the tested configurations. The table of thermocouple
temperature readings in the fire test report, for the reviewed
penetrations, documents applicable thermocouple temperatures as
below the limiting criteria.

Justification: Not Applicable

Per ASTM E=814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83) '

Yes O No O Meets Intent (See Justification)
Discussion: Not Applicable. Since penetrations 3,6 and 9 were
electrical penetration seals, ASTM E-814-83 requirements are not
applied.

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
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have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The
“Summary of Test Results” on page 58 of the fire test report states
that no water projected beyond the unexposed side of the
penetration seals as a result of the hose stream test.

Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations
3 and 9 seal system utilized Dow Corning 3-6548 RTV silicone
foam and Carborundum Fiberfrax Durablanket and Hotboard
material. Penetration 6 seal system utilized Dow Corning 96-081
RTV Adhesive/Sealant and Carborundum Fiberfrax Durablanket.
Dow Corning 3-6548 has a flame spread rate of 15 and the Dow
Corning 96-081 has a LOI of 35. The Carborundum Fiberfrax
Durablanket and Hotboard are generally accepted as “non-
combustible” material. '

Justification: Not Applicable
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C.16

Fire Test CTP-1002

Fire Test Number: CTP-1002

Fire Test Title/Date: Three Hour Fire Qualification Test of HDLE &
Radflex Radiation Seals Flexible Boot Fire
Seals, July 25, 1980 '

Fire Test Summary: This test report documents the results of a fire test
conducted on a test slab (8' x 10’ x 12" thick) containing two (2) blockout,
eight (8) pipe penetrations and four (4) electrical sleeve penetrations with
various penetrating items and seal materials. Because some of the
penetration seal configurations covered by this fire test were not used to
support WBN typical penetration seal details, the review of this fire test
report is limited to those penetration seal configurations required to
support WBN typical seal details. Specifically, these penetration seal
configurations of importance are blockout 2 and penetrations 5 and C. A
brief description of each of these configurations is as follows:

Blockout 2 was a 26" x 42" rectangular unsleeved opening with no
penetrating items.  Seal material consisted of a 4" thickness of
Dow .Corning 3-6548 silicone foam with 2 layers of 1/2" marinite
board damming material on the exposed side of the penetration.

Penetration 5 was a 12" diameter sleeved opening penetrated by a
4" diameter steel pipe which was capped on the exposed side of
the penetration. Seal material consisted of a 6" thickness of Dow

~ Corning 3-6548 silicone foam with a 1" depth of alumina-silica
damming material on the exposed side of the penetration.

Penetration 6 was a 12" diameter sleeved opening penetrated by a
6" diameter steel pipe which was capped on the exposed side of
the penetration. Seal material consisted of 12" depth of JM
Cerablanket (alumina-silica) with Keene PE 2141 Silicone
impregnate fiberglass cloth boots on the exposed and unexposed
sides of the slab. The boots were assemblied using Dow Corning
732 Silicone RTV Adhesive/Sealant and stainless steel bands.

a. The temperature fixed by the standard time-temperature curve

(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
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E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft2 of floor surface, and not fewer
than nine thermocouples per 100 ft* of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1002 indicates that eight thermocouples were located
inside the furnace and were used to monitor the furnace
temperature. The test report states that these thermocouples were
arranged so as to yield an average furnace temperature. The test
report also states that the furnace thermocouples were located 2

4/2 feet inside each wall at 2 feet centers with the first pair of

thermocouples 1 1/2 feet from the flue-end of the furnace at the 24
inch elevation. Page 35 of the same test report states that furnace
temperatures were taken at 12 inches from the exposed specimen
surface.

Justification:' Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |EEE 634-1978) . :

® Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1002 contains a time-temperature graph which
presents furnace temperature as a plot of the average of six
furnace thermocouple readings versus time. The test report also
includes a table listing discrete thermocouple readings from which
the continuous plot was generated. The table shows that furnace
temperatures were taken at one minute intervals during the first 30
minutes of the test, at 5 minute intervals during the next g0
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minutes, and at 10 minute intervals during the last 60 minutes of
the fire endurance test.

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |[EEE 634-1978) '

Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated 10 be
within 1.439% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test CTP-1002).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. |EEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above) ‘ .

OO Yes J No Meets Intent (See Justification)

Discussion: The fire tests meets the intent of this review criteria.
(See Justification)

Justification: The method of thermocouple attachment is described
in the text of Fire Test Report CTP-1002 in that thermocouples on
the unexposed side were embedded in the seal material for
Blockout 2 and Penetration 5. This is considered an acceptable
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alternative to the ASTM E-814 method because the thermocouples
will be adequately protected from the atmosphere and will also give
more conservative temperature readings due to their closer
proximity to the fire. Penetration 6 had three (3) thermocouples on
the unexposed surfaces and one on the unexposed surface of the
Cerablanket. The test report also states that since the test was
conducted outdoors, a building was erected around the furnace to
meet ASTM E-119 standards. The report also states that the
structure was adequate to prevent excessive air currents over the
unexposed surface of the slab. Fire Test CTP-1002 is therefore
deemed to satisfy the intent of this checklist item.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the foliowing locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

|IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test report satisifies the review criteria for the

penetrations of interest, which are mechanical penetrations. Test
report Figure IV-8 shows that 3 thermocouples were located on the
penetration seal surface for Blockout No. 2 (there were no
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penetrating items, so E-814 requirement no. 2 is not considered
applicable to - the blockout). Figure IV-14 shows that
thermocouples were located as follows for penetration No. 5: 1)
mounted to the penetrating item, 2) mounted at the interface of the
penetrant and the seal material, and 3) mounted directly on top of
the seal surface. Figure IV-15 shows that thermocouples were
located as follows for penetration No. 6: 1) mounted to the
penetrating item, 2) mounted at the interface of the penetrant and
the seal material, 3) mounted directly on top of the seal surface
and 4) mounted interior of the boot atop the Cerablanket. Page 35
of the same test report also states that the total number of
unexposed surface thermocouples for the entire test slab is
seventy-nine. ' '

Justification: Not applicable

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978) ‘

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1002 contains forty-two pages of thermocouple
readings for unexposed side seal temperatures. These pages
indicate that temperature readings were taken during the entire
three hour fire endurance test at 15 second intervals for seal
configurations 1.1 through 2.1 and at 5 minute intervals for seal
configurations 3.1 through 11.

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the resuits in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.




Engineering Report: 0006-00922-02 Appendix C
Revision: 0 Page C203 of C388

‘ . (ASTM E-814:83, as described above and |[EEE 634-1978, as
| . described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Observations
_ of significant details are contained on pages 41 and 42 of Fire Test
Report CTP-1002. Some of the observations include no passage
: of flame through any penetration, some passage of light smoke
' through the seals, (the smoke was cool to the touch), and the
| condition of the test specimen after the fire endurance and hose
stream tests. In addition, Appendix Il of the test report provides
numerous photographs of the test specimen taken prior to, during,
| and after the fire test. Also, Appendix Il of Fire Test Report CTP-
1002 contains photographs of the test specimen at various points

‘ throughout the test

| Justification: Not Applicable

: h. Per ASTM E-814-83 requirements, when the indicated resistance
. period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
| classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with

checklist item c. above. (ASTM E-814-83)

Yes 0 No [1 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

“Justification: Not Applicable

i. ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway

. mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
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‘ . selection of the sizes, construction, and materials of the cables and
| cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
' directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
| which are tested in the floor-ceiling position qualify the cable
‘ ' penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-

floor may require fire testing on both sides for qualification.

| Yes J No O Meets Intent (See Justification)
of reviewing the fire tests to the standard checklist is essential to

| establish the validity of the fire tests so that the may be used to
support typical seal detail configuration.

| Discussion: The fire test satisfies the review criteria. The prot:éss

The process of evaluating the test specimen to determine if itis -
. "truly representative of the fire stop for which classification is
’ desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

| J- Per ASTM E-814-83 requirements, through-penetrating items shall
| be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
‘ ‘ extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
| ' floor penetration tests shall be supported on the unexposed side to
| . simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and |[EEE 634-1978, as described above)

} | Yes O No O Meets Intent (See Justificatioh)
Discussion: The fire test satisfies the review criteria.  The
. penetrating pipe for penetrations 5 and 6 extended 1' minimum on
. the exposed side of the slab and 3' minimum on the unexposed
% side. Blockout no. 2 contained no penetrants. (Reference drawing

B-119, sheet 5 and 9, Test Report CTP-1002).
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Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM

' E-814-83 and |EEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. = As stated
throughout Fire Test Report CTP-1002, the classification desired
for the tested configuration was a three hour fire rating. Pages 1,
39, and 42 of the test report indicate that the test specimen was
exposed to the ASTM E-119 time/temperature curve for a three
hour period and that the fire did not penetrate the test specimen
nor did flaming occur on the unexposed side as a result of heat
conduction.

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and |IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Per Fire Test
Repqrt CTP-1002, a hose stream test (IEEE 634 and ANI) was
performed on the entire test slab for a duration of 2 minutes. The
hose stream test was performed "immediately following the fire
endurance test". ' : L

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft* (m?) of
(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0 (32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) - 0.9(10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in

~ electrical equipment, producing a long-range-narrow angle (30-90°

set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Page 39 of
Fire Test Report CTP-1002 indicates that the test specimen was
subjected to a hose stream test in accordance with |[EEE 634,
section 5.3.12. The hose stream was delivered through a 1 1/2"

fire hose set at 15* and located 10 feet from the test specimen with

a water pressure of 75 PSI and minimum flow of 75 GPM.
According to Fire Test Report CTP-1002 the actual hose stream
was applied to an exposed surface area of 80 sq. ft. for a duration
of 2 minutes. Based on Table 1 above, this is also the required
ASTM E-814 duration:

80ft% X 1.5sec/itt = 120sec.=2min.
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. | Justification: The hose stream test administered was per IEEE 634
requirements, which were adhered to throughout the test. This is
appropriate, since the majority of penetrants in the tested assembly

were cable raceways.
|

Even though the hose stream test was not performed in
accordance with ASTM E-814 requirements, the alternate method
selected is considered acceptable. This position is supported by
information contained in NRC Information Notice No. 88-04,
"Inadequate Qualification and Documentation of Fire Barrier

~ Penetration Seals". Specifically, Appendix A of IN 88-04 provides
guidance for conducting hose stream tests and lists three approved
methods for performing hose stream tests. IN 88-04 also states
that the duration of the hose stream test should meet the
requirements ASTM E-119. Therefore, since any one of the three
specified methods is acceptable provided the duration requirement
is met, it can be concluded that subjecting a test specimen to the
IEEE 634-1978 hose stream test satisfies the intent of performing a
hose stream test as defined by the staff through guidance provided
in 88-04.

. n. Per ASTM E-814-83 requirements, the nozzle orifice shall have
| been 20 feet from the center of the exposed surface and shall have
‘  been perpendicular to the test specimen. If otherwise located, the

distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes [0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Since an
acceptable alternate method of hose stream testing was selected,

" this section of the checklist is not applicable to test report CTP-
1002. Refer to checklist item *m" for a discussion of the alternate
hose stream method and basis for acceptability.

Justification: Not Applicable

. 0. The ambient air temperature at the beginning of the test shall have
~ been within the range of 50°F to 90°F, and the velocity of air l

L
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‘ ~across the unexposed surface of the sample shall not exceed 4.4
© fsec. (ASTM E-814-83 and |IEEE 634-1978)

O Yes [0 No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient
air temperature at the beginning of Fire Test CTP-1002 was 85°F.
This temperature is within the specified range and is thereby
acceptable. As for the velocity of air across the unexposed surface
) of the test specimen and the use of mechanical ventilation, this test
was conducted at the SwRI fire test facility. Page 35 of Fire Test
Report CTP-1002 states that since the test was conducted
outdoors, a building was erected around the furnace to meet ASTM
E-119 standards. Page 35 further states that this structure was
adequate to prevent excessive air currents over the unexposed
surface of the slab. This provides reasonable evidence that Fire
Test CTP-1002 was performed in compliance to this checklist item.

Justification: Not Applicable.

. , p. Per IEEE 634-1978 requirements, the assembly shall have

- withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978) '

Yes O No O Meets Intent (See Justification)
Discussion: Not Applicéble. Since blockout no. 2 and penetration
no. 5 and 6 were mechanical penetration seals, |[EEE 634

requirements do not apply.

Justification: Not Applicable

q. Per ASTM E-814-83 requirements for an F rating, the assembly
. shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming

on the unexposed side of the penetration for a period equal to that

for which classification is desired. Per ASTM E-814-83

)
i
.;,)'
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requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Blockout no.

- 2, Penetrations no. 5 and 6 all acheive 3 hour F ratings, as no

passage of flame occurred during the test duration. (Reference
“Results”, pages 41-44 of the test report).

The maximum temperature achieved by the surface thermocouple
on penetration no. 5 was 235°F (Reference page IV-103 of the test
report) and on penetration no. 6 was 330°F (Reference page IV-
103 of the test report), which is less than the limiting temperature
of 410°F (85°F + 325°F). Penetrations no. 5 and 6 therefore
acheive a T rating of 3 hours. '

One surface thermocouple on Blockout no. 2 exceeded 410°F just
after 93 minutes into the test (Reference page IV-87 of the test
report). Blockout no. 2 therefore achieved a T rating of 93 minutes.

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes 0 No [J Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test
results of page 42 of the fire test report state that no water
projected beyond the unexposed side of the test assembly through
any of the penetrations during the hose stream test.

Justification: Not Applicable
Per IEEE 634-1978, Individual components of the fire stop system

shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
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. ~ shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes [0 No [J Meets Intent (See Justification)
Discussion: Not Applicable. Since blockout no. 2 and penetrations
no. 5 and 6 were mechanical. penetration seals, |IEEE 634

requirements do not apply.

Justification: Not Applicable
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C.17 FEire Test No. CTP-1001A

Fire Test Number: CTP-1001A

Fire Test Title/Date: Three Hour Fire Qualification Test 10" and 6"
Silicone RTV Foam for Electrical and
Mechanical Penetrations Seals, May 20, 1980

Fire Test Summary: This test report documents the results of a fire test
conducted on 6 penetration seal configurations installed in a single test
slab. Because some of the penetration seal configurations covered by
this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration
seal configurations required to support WBN typical seal details.
Specifically, these penetration. seal configurations of importance are
Blockout 1, Blockout 2 and Blockout 6. A brief description of each of
these conflguratlons is as follows:

Blockout 1 was a 46” x 42" blockout through the 12” thick concrete
test slab. Within this blockout were eight (8) penetrating cable
trays of various types and cable fills. Penetration 1.1 was an 18" x
4" solid bottom cable tray with 100% visual cable fill. Penetration
1.2 was an 18" x 4” solid bottom cable tray with 50% visual cable
fill. Penetration 1.3 was an 18" x 4” solid bottom cable tray with no
cable fill. Penetration 1.4 was an 18" x 4” solid bottom cable tray
with a single layer of cable fill. Penetration 1.5 was an 18" x 4"
ladder back cable tray with 100% visual cable fill. Penetration 1.6
was an 18" x 4" ladder back cable tray with 50% visual cable fill.
Penetration 1.7 was an 18" x 4” ladder back cable tray with no
cable fill. Penetration 1.8 was an 18" x 4" ladder back cable tray
with a single layer of cable fill. The blockout was sealed with a 10"
depth of Dow Corning 3-6548 Silicone RTV Foam over 1" of
" ceraboard damming.

Blockout 2 was a 42" x 26” blockout through the 12” thick concrete
test slab. Within the blockout were two (2) penetrating cable trays.
Penetration 2.1 was a 36” x 4” ladder back cable tray with 100%
visual cable fill. Penetration 2.2 was a 36” x 4” solid bottom cable
tray with 100% visual cable fill. The blockout was sealed with a 10”
depth of Dow Corning 3-6548 Silicone RTV Foam over 1’ of
ceraboard damming.

~—.
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Blockout 6 tested a 54" x 12" opening with two (2) 6” diameter
conduits, two (2) 3" diameter conduits and a 4" x 4" wireway as
penetrating items. The blockout was sealed with a 6” thickness of

~ Dow Corning 3-6548 Silicone RTV Foam installed over 1" of
ceramic fiber damming board. The internal wireway seal and
internal conduit seals for all conduits except 6.1 and 6.2 are not
required to support WBN configurations and, therefore, are not
specifically addressed in this fire test review. Conduit 6.1 was a 6
in. diameter conduit with a 100% visual cable fill, filled with a 6”
depth of Dow Corning 3-6548 Silicone RTV Foam .and 1 in. of
Aumina-silica damming material. Conduit 6.2 was a 6 in diameter
conduit with a 0% cable fill and 6” depth of Dow Corning 3-6548
Silicone RTV Foam and 1 in. thick of Aluma-silica damming
material.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of
IEEE 634-1978) shall be deemed to be the average furnace
. temperature obtained from the readings of furnace thermocouples.
' Per ASTM E-814-83, use a minimum of three thermocouples, with
‘ not fewer than five thermocouples per 100 ft? of floor surface, and
not fewer than nine thermocouples per 100 ft® of wall surface. Per
IEEE 634-1978, use not less than three thermocouples for each
cable penetration fire stop. For both standards, the exposed
length of the pyrometer tube and thermocouple in the furnace
chamber shall not be less than 12 inches. The junction of the
thermocouples shall be placed 12 inches away from the exposed
face of the sample for floors and 6 inches for walls, and shall not .
touch the sample during the test as a result of deflection. (ASTM
E-814-83, as described above and IEEE 634-1978, as described
above)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by six thermocouples located 12"
below the test slab (Reference section "Test Facility", page 43 of
the test report).

Justification: Not Applicable.

' b. The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
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may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

B Yes 0 No [] Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. . The table of
discrete thermocouple readings provided in the test report listed
furnace temperatures every 15 seconds throughout the three (3)
hour fire endurance portion of the test. (Reference pages IV-69
through 1V-135 of the test report).

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978) -

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within -0.467% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix A of this
engineering report for fire test CTP-1001A).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires
that, for cable penetration fire stops, temperatures on ‘the
penetration cold side surfaces be measured with thermocouples.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

O Yes O No Xl Meets Intent (See Justification)
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Discussion: Although not explicitly stated in the test report, fire
test CTP-1001A is considered to have satisfied the intent of this
review criteria. Refer to the justification provided below for further
information associated with this item.

Justification: ASTM E-814-83 requires that thermocouples be
placed under 2" x 2" flexible, dry pads. This method of attachment
protects thermocouples from the possible cooling effects ' of
unexposed side ambient air temperatures, (e.g., the influence of
air velocity across the unexposed side of the seal assembly). The
method of thermocouple attachment is not described in the text of
Fire Test Report CTP-1001A. However, credit is taken for the
qualification of the testing establishment (Southwest Research
Institute). This is supported by other tests which have been
reviewed (CTP-1139 and CTP-1076) and performed by the same
testing establishment and at the same location. The method of
thermocouple attachment described in Fire Tests Reports CTP-
1139 and CTP-1076 consisted of covering unexposed surface
thermocouples with flexible, dry, felted mineral fiber pads, 2" x 2" in
size. This method of attachment negates the effects the
unexposed side environment may have on thermocouple readings,
thus providing similar results and serving as an acceptable
alternative to the method described in ASTM E-814-83. Based on
this, fire test CTP-1001A is considered to have satisfied the intent
of this review criteria. ‘

For ASTM E-814-83 tests, unexposed side temperatures shall
have been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal
assembly. At least three thermocouples shall have’
recorded unexposed side surface temperatures, except
where  physical placement of multiple surface
thermocouples was not feasible. In those instances, a
single thermocouple may have been used to record
unexposed side surface temperatures provided that the
location of the thermocouple was such that unexposed side
surface temperatures for the entire penetration seal were
represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
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. At least one thermocouple shall have bee.n used to record

the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be
taken at a minimum of three points on the fire stop surface, which
shall include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

L] Yes L1 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Blockout 1 had eight (8) thermocouples located on the unexposed
surface of the penetration seal assembly. Blockout 2 had two (2)
thermocouples located on the unexposed seal surface. Blockout 6
had three (3) thermocouples located on the unexposed seal
surface. A total of 24 thermocouples was used to monitor
unexposed side conditions for Blockout 1, while a total of six (6)
thermocouples was used for Blockout 2. (Reference page IV-7
. through IV-16 and 1V-33 of the fire test report)

Justification: Fire Test Report CTP-1001A, Section Ill, contains
drawings which depict unexposed side thermocouple locations for
the specimen tested. Thermocouples were located as follows for
all penetrants contained in Blockouts 1 and 2: 1) a thermocouple
was mounted to the penetrating item approximately 2" above the
seal for each of the cable tray penetrants, 2) a thermocouple was
mounted at the interface of the penetrant and the seal material for
each of the cable tray penetrants, and 3) a thermocouple was
mounted directly on top of the seal's unexposed surface in the
vicinity of each cable tray penetrant. Table IV-1 of the test report
indicates that the total number of thermocouples used for
Blockouts 1 and 2 was 30. For Blockout 6, three 3)
thermocouples were mounted on the unexposed surface of the
seal. The five items penetrating the blockout contained a total of
11 thermocouples, located at internal seal surface, interface, and
penetrating item placements. For the internal conduit seal on
conduit 6.1 a thermocouple was located on each the seal-conduit
interface, seal surface and on the penetrating cables. For the
. internal conduit seal on conduit 6.2, one thermocouple was located
on the unexposed side field of the seal. Table IV-1 indicates that
the total number of thermocouples used for blockout 6 was 14.
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. Fire Test Report CTP-1001A therefore satisfies the intent of this
checklist item. '

f. Temperature readings shall have been taken at intervals not
’ exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more

frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes 1 No O Meets Intent (See Justification)

‘ Discussion: Section IV of Fire Test Report CTP-1001A contains
| individual thermocouple reading charts which document the
| intervals at which unexposed surface measurements were taken.
Examination of these charts reveals that the maximum time
interval for any thermocouple throughout the 3 hour test duration
was 5 minutes. The requirements of this checklist item are
| therefore satisfied.

Justification: Not Applicable

observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an

~orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

. g. Per ASTM E-814-83 requirements, reports shall include

Yes [ No O Meets Intent (See Justification)

Discussion: Observations of significant details are contained on
page 49 of Fire Test Report CTP-1001A. Some of the
observations include a fast rise in furnace temperature, light
smoke, and the condition of the test specimen after the fire
endurance and hose stream tests. The requirements for this
checklist item are therefore satisfied.

. : Justification: Not Applicable
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h. Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or.over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM-
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

} Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

I. ASTM E-814-83 requires that the test specimen shall be actual
size and fruly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For

. cable penetration fire stops, per |EEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables
and cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes L1 No [0 Meets Intent (See Juetification)

. Discussion: The flre test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
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establish the validity of the fire tests so that the may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 7.2 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unv'exposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes [J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  All
penetrating items extended 1' on the exposed side of the slab and

3" on the unexposed side. (Reference page |-16 of the fire test .

report)
Justification: Not Applicable

The fire endurance test shall be continued on the specimen until

failure occurs, or until the specimen withstands the test conditions:

for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes 0 No [ Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Post
Test Observations" section of the fire test report (page 50)
indicates that the tested configuration was exposed to a 3 hour fire
test and that the fire did not penetrate Blockouts 1, 2 or 6 nor did
flaming occur on the unexposed side as a result of heat
conduction. Therefore, the test specimen is considered to have

‘withstood the fire test conditions without failure.
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Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Test
Procedure" section of the fire test states that immediately after the
fire test, the test assembly was removed from the furnace and
subjected to the hose stream test.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1. "~

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft? (mz) of
' (kPa) Exposed Area
240 minutes and over if 45 (310) 3.0 (32)
less than 480 min : _
120 min and over if 30 (210) 1.5 (16)
less than 240 min ‘
90 min and over if less 30 (210) 0.9 (10) .
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired '

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
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set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum row of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

O Yes [J No Meets Intent (See Justification)

Discussion: The fire test satisfies the intent of the review criteria.
The test was subjected to a hose stream test per the provisions of
the ANI guidelines section 2.B.2 for a 120 second duration. This
hose stream test method is an acceptable alternative to the WBN
criteria as justified below. |

Justification: The hose stream was applied through a 1-1/2"
diameter hose with a nozzle set at a 15° angle. The hose stream
was applied for a 2 minute duration based on the test slab size of
8' x 10'. The discharge was at a rate of 75 gpm and a distance of
10". The only difference between this test and the IEEE 634-1978
requirements is that in this hose stream a nozzle angle of 15° was
used instead of 30° as required by the review criteria. Using a
nozzle set at a narrower angle results in a more severe exposure
provided that all other settings, such as discharge rate, hose size,
distance from slab and duration remain constant. Since this was
the case, the actual hose stream applied was an acceptable
alternative, and therefore satisfies the intent of the review criteria.

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall
have been perpendicular to the test specimen. If otherwise
located, the distance from the center of the exposed surface shall
have been less than 20 feet by an amount equal to 1 foot for each
10° of deviation from the perpendicular position.. For cable
penetration fire stops, per IEEE 634-1978, the nozzle distance
shall be 10 ft. from the center of the exposed surface of the test
specimen. (ASTM E-814-83, as described above and IEEE 634-

1978, as described above)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The nozzle
was at a distance of 10' from the test specimen.
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Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient
air temperature at the beginning of Fire Test CTP-1001A was
85°F. This temperature is within the specified range and is thereby
acceptable. As for the velocity of air across the unexposed
surface of the test specimen and the use of mechanical ventilation,
this test was conducted at the SwRI fire test facility. Page 43 of
Fire Test Report CTP-1001A states that since the test was
conducted outdoors, a building was erected around the furnace to
meet ASTM E-119 standards. Page 43 of the same report further
states that this structure was adequate to prevent excessive air
currents over the unexposed surface of the slab. This provides
reasonable evidence that Fire Test CTP-1001A was performed in
compliance to this checklist item.

Justification: Not Applicable.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the cable jacketing, whlchever is lower.
(IEEE 634-1978)

Yes [0 No [J Meets Intent (See Justification)

Discussion: The fire test satisfies this review criteria. The "Post
Test Observations" section of the fire test report (page 50)
indicates that the tested configuration was exposed to a 3 hour fire
test and that the fire did not penetrate Blockouts 1, 2 or 6 nor did
flaming occur on the unexposed side as a result of heat
conduction. The highest temperature recorded for Blockout 1 was
at an interface thermocouple on penetration 1.6 (648°F). The
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highest temperature recorded for Blockout 2 was also at an
interface thermocouple, penetration 2.2 (580°F). The highest
temperature recorded for Blockout 6 was at a surface
thermocouple (290°F). The thermocouples for the internal conduit
seal in conduit 6.1 had a high temperature of (140°F) on the
internal seal unexposed interface with the conduit and the internal
conduit seal in conduit 6.2 had a high temperature of (446°F) on
the internal seal unexposed surface. These values as well as the
temperature of all other thermocouples used for these penetrations
were below the 700°F limit.

Justification: Not Applicable

g. Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes CINo CMeets Intent (See Justification)

Discussion: This item is not applicable to the penetrations
reviewed for this test. Even though the internal conduit seal for
conduit 6.2 has no penetrating cable, it is not considered a
mechanical penetration seal. The internal seal for conduit 6.2 is
considered an electrical seal and was addressed as such in
checklist item p. above. Blockouts 1, 2 and 6 are also considered
electrical penetrations and have been evaluated using the
requirements of IEEE 634-1978.

Justification: Not applicable

r. The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)
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Yes [ No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Post
Test Observations" section of the test, page 50 of the fire test
report, states that no water projected beyond the unexposed side
of Blockouts 1, 2 and 6 during the hose stream test.

Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes 0 No [J Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. As indicated
in Dow Corning product literature, Dow Corning 3-6548 RTV
Silicone Foam (parts A and B) possesses an ASTM E 84-79A
flame spread rating of 15 which is less than the maximum
allowable of 25. The ceraboard and alumina-silica damming
material is generally accepted as a non-combustible type of
damming material.

Justification: Not Applicable
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C.18 Fire Test PR0293036
Fire Test Number: PR0293036

Fire Test Title/Date: Three Hour Fire Qualification Test - Comparison
: Test (ICMS Product 90, D.C. 170 and G.E. 6428
Elastomer), February 28, 1993

Fire Test Summary: This test report documents the results of a fire test
conducted on 4 penetration seal configurations installed in a single test
slab. A brief description of each of these configurations is as follows:

The penetrations seals in this test were installed in two 25" x 12°
blockouts divided into two sections each using a 12" x 12" x 1" thick piece
of "M" board. This configuration resulted in four 12" x 12" individual
penetrations numbered 1173.1-1, 1173.2-1, 1173.4-1 and 1173.5-1.

Penetration 1173.1-1 was sealed with a 12 inch depth of ICMS Product 90
formulated with General Electric RTV 6428. Within this blockout two 2-
1/2" diameter plugs were removed. One opening (1173.2-2) was sealed
with a 12" depth of ICMS Product 90 formulated with Dow Corning
Sylgard 170. The other opening (1173.3-1) was sealed with a 12" depth
of Promatec HDSE. There were no penetrants in this blockout. ’

Penetration 1173.2-1 was sealed with a 12 inch depth of ICMS Product 80
formulated with Dow Corning Sylgard 170. Within this blockout two 2-1/2"
diameter plugs were removed. One opening (1173.1-2) was sealed with a
12" depth of ICMS Product 90 formulated with General Electric RTV 6428.
The other opening (1173.3-2) was sealed with a 12" depth of Promatec

"HDSE. There were no penetrants in this blockout.

Penetration 1173.4-1 was sealed with a 6 inch depth of General Electric
RTV 6428. Within this blockout one 2-1/2" diameter plug was removed.
This opening (1173.5-2) was sealed with a 6" depth of Dow Corning
Sylgard 170. There were no penetrants in this blockout.

Penetration 1173.5-1 was sealed with a 6 inch depth of Dow Corning
Sylgard 170. Within this blockout one 2-1/2" diameter plug was removed.
This opening (1173.4-2) was sealed with a 6" depth of General Electric
RTV 6428. There were no penetrants in this blockout.
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The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft* of floor surface, and not fewer
than nine thermocouples per 100 ft> of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

Yes 1 No [0 Meets Intent (See Justiﬁcation)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by four thermocouples located 12"
below the test slab (Reference page 88 of the fire test report).

Justification: Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |EEE 634-1978)

Yes 1 No OO Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
thermocouple readings provided in the test report lists average
furnace temperatures every minute throughout the three (3) hour
fire endurance portion of the test. (Reference pages 49 through 53
of the fire test report). ‘

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
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’fire tests of 1 hour or less duration, within 7.5% of the

corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |EEE 634-1978)

Yes 1 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area

~under the furnace time-temperature curve was calculated to be

within -0.598% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test #293036).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and |EEE 634-1978, as described
above)

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. 2" x 2" x 0.4"
thick dry, felted pads were placed over thermocouples on the
unexposed side of the test assembly (Reference "Temperatures of
Unexposed Surfaces”, page 4 of the fire test report).

Justification: Not Applicable

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall' have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In thcse instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
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was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. At least three
thermocouples were used to record unexposed side surface
temperatures. Each penetration had thermocouples located at
least on the surface of each type of seal material; at the interface
of the seal material and the penetration opening; and at the
interface of the seal material and the "M" board divider.

Justification: Not Applicable.

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Page 49 of
the fire test report is the first page of & table which contains
individua! thermocouple readings which document the intervals at
which unexposed surface measurements were taken. Examination
of this table reveals that the maximum time interval for any
thermocouple throughout the 3 hour test duration was 1 minutes.
The requirements of this checklist item are therefore satisfied.

Justification: Not Applicable
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Per ASTM E-814-83 requirements, reports shall = include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes 0 No [0 Meets Intent (See Justification)

Discussion: Observations of significant details are contained on
page 8 of the fire test report. Some of the observations include a
fast rise in furnace temperature, light smoke, and the condition of
the test specimen after the fire endurance and hose stream tests.
The requirements for this checklist item are therefore satisfied.

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes [0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace -
exposure variation from the standard was acceptable therefore this
checklist item is not applicable. :

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
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fire stop shall be tested as a complete system. The raceway.
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The-
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes [J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that the may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"“truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in.’ on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978. the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)
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Discussion: This checklist item is not applicable since no
penetrating items existed in this test assembly.

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Test
Results and Observations" section of the fire test report (page 7)
indicates that the tested configuration was exposed to a 3 hour fire
test and that the fire did not penetrate any of the seals nor did
flaming occur on the unexposed side as a result of heat
conduction. Therefore, the test specimen is considered to have
withstood the fire test conditions without failure.

Justification; Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and |IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Test
Results and Observations” section, page 8 of the fire test report
states that following the fire test, the test assembly was removed
from the furnace and subjected to the hose stream test.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft? (m?) of
' (kPa) , Exposed Area
240 minutes and over if 45 (310) 3.0 (32)
less than 480 min '
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min ~
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per |IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test was
subjected to a hose stream test delivered through a 2-1/2" hose
and discharged through a 1-1/8" discharge tip for a duration of 74
seconds at a pressure of 30 psi and at a distance of 20‘ '(Reference

page 5 and 7 of the fire test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. [f otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration

\ fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
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. from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as

described above)
Yes 0 No O Meets Intent (See Justification)

Discussion: 'The fire test satisfies the review criteria. As stated on
page 7 of the test report, the nozzle was at a distance of 20' from
the test specimen.

Justification: Not Applicable

o. . The ambient air temperature at the beginning of the test shall have -
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient

air temperature at the beginning of the fire test was 64°F

\ - (Reference page 7 of the fire test report). This temperature is
' within the specified range and is thereby acceptable.

‘ As for the velocity of air across the unexposed surface of the test
specimen and the use of mechanical ventilation, this test was

\ conducted at the Omega Point Laboratories fire test facility which

| uses furnaces that are indoors. Wind velocities over the

| , unexposed surface of the test assembly are insignificant
(Reference 0006-00922-ROC-002, Ref. 7.30).

Justification: Not Applicable.

p. Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is

. - lower. (IEEE 634-1978)

Yes [J No [0 Meets Intent (See Justification)
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‘ Discussion: This checklist item is not applicable since there were
no electrical penetrants in the test assembly. IEEE 634

requirements do not apply.
Justification: Not Applicable

a. Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its mmal temperature (ASTM E- 814 83)

E3] Ye,s O No. O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. Page 10 of
the fire test report, "Conclusions" states that the penetrations

tested met the fire resistance requirements for F and T ratings of 3
hours per ASTM E-814. -

Justification: Not Applicable

r. The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during thé hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes 0 No [0 Meets Intent (See Justification)
Discussion: The fireﬂtest satisfies the review criteria. The "Test
Results and Observations" section, page 8 of the fire test report,

states that no water projected beyond the unexposed side of any of
the seals during the hose stream test.

Justification: Not Applicable

. | S. Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
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ASTM E-84. Compenents to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes ] No O Meets Intent (See Justification)

Discussion: This checklist item is not applicable since there were
no electrical penetrants in this test assembly. The requirements of
IEEE 634 do not apply.

Justification: Not Applicable
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C.19

Fire Test ICC0382004

Fire Test Number: 1CC0382004

Fire Test Title/Date: Fire and Hose Stream Tests for Penetration Seal
Systems, dated April 1982

Fire Test Summary: This test report documents the results of a fire test
conducted on 16 penetration seal configurations installed in a single test
slab. Because some of the penetration seal configurations covered by
this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration
seal configurations required to support WBN typical seal details.
Specifically, these penetration seal configurations of importance are
penetrations 4 (excluding the internal conduit seal),8 and 14. A brief
description of each of these configurations is as follows:

Penetration 4 was a 36"x36” steel lined blockout. The blockout
was penetrated by one (1) 24'x6" galvanized steel ladder back
cable tray with 100%. visual loading of PVC jacketed power,
instrumentation and control cables, one (1) 24’x6" galvanized steel
solid back cable tray with 100% visual loading of PVC jacketed
power, instrumentation and control cables and one (1) 6" diameter
conduit. Seal material for the penetration configuration consisted
of a 12" thickness of ICMS Product 90 (High Density Silicone
Elastomer).

Penetration 8 was a 12" diameter steel sleeve. The sleeve was
penetrated by a 2" diameter steel pipe. Seal material for the
penetration configuration consisted of a 12" thickness of ICMS
Product 90 (High Density Silicone Elastomer).

Penetration 14 was a 12" diameter steel sleeve. The sleeve was
penetrated by a 2" diameter steel pipe with 1" thickness of calcium
silicate insulation. Seal material for the penetration configuration
consisted of 7" thickness of Dow Corning 3-6548 RTV Silicone
Foam and 1" thickness of Carborundum Duraboard LD as
permanent damming. '

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
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634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft* of wall surface. Per |EEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |IEEE 634-1978, as described above)

[J Yes [0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The fire exposure followed the standard time/temperature

relationship given in ASTM E-119. Furnace temperature was

measured by 15 thermocouples located in the furnace and
monitored throughout the 3 hour fire test (Reference section "Fire
Test", page 33 of the test report).

Justification: ASTM E-119, the exposed length of the pyrometer
tube and thermocouple in the furnace chamber shall not be less
than 12 inches. The junction of the thermocouples shall be placed
12 inches away from the exposed face of the sample for floors and
6 inches for walls, and shall not touch the sample during the test as
a result of deflection. The exposed length and placement of
furnace thermocouples is not described in the text of Fire Test
Report ICC0382004. However, credit is taken for the qualification
of the testing establishment (Construction Technologies
Laboratories). Therefore, based on the above discussion, there is
reasonable assurance that the placement of furnace
thermocouples satisfy the requirements described in ASTM E-814-
83 and IEEE 634-1978.

The furnace iemperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83

and |[EEE 634-1978)

Yes O No 00 Meets Intent (See Justification)
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" Discussion: The fire test satisfies the review criteria. The table of
“discrete thermocouple readings provided in the test report lists the

" average furnace temperature every 5 minutes throughout the first 2
hours of the test and every 10 minutes thereafter. (Reference
Appendix B of the test report).

Justification: Not Applicable

C. The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 0.225% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0382004). The fire test report
documents the temperature difference between the area under the
furnace time-temperature curve and the area under the standard
time-temperature curve at each reading interval (Reference
Appendix B of the fire test report).

Justification: Not Applicable

d. ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above) -

[J Yes ] No Meets Intent (See Justification)
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. Discussion: The fire test meets the intent of the review criteria.

The fire exposure followed the standard time/temperature
relationship given in ASTM E-119 (Reference “Fire Test”, page 33
of the fire test report).

Justification: ASTM E-119 requires that the thermocouples be
placed under flexible, dry, felted asbestos pads. This method of
attachment protects thermocouples from possible cooling effects of
unexposed side ambient air temperatures, (e.g., the influence of air
velocity across the unexposed side of the seal assembly). The
method of thermocouple attachment is not described in the text of
Fire Test Report ICC0382004. However, credit is taken for the
qualification of the testing establishment (Construction
Technologies Laboratories).  Therefore, based on the above
discussion, the method of thermocouple attachment provides an
acceptable alternative to the method described in ASTM E-814-83
and |EEE 634-1978.

e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been‘measured at the following locations, as a minimum:

. 1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented. '

2. On through-penetrating items approximately 1 to 3 inches
“above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly. '

IEEE-634 requires that, for cable fire-stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than

‘ the insulated cable conductor, and 3) the surface of the fire stop
material.
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0 vyes = 0O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 4 was thermocoupled as delineated under IEEE-634
above, thereby satisfying the review criteria. Penetrations 8 and
14 each had three thermocouples located on the unexposed side
of the penetration seal assemblies. One at the interface of the pipe
and seal material, one on the unexposed surface of the seal
material and one at the penetration sleeve and seal material
interface (Reference Appendix B, "Thermocouple Plan", page 32 of
the fire test report).

Justification: Per this checklist item, ASTM E814-83 requires that
at least three thermocouples shall have recorded unexposed side
surface temperatures, except where physical placement of multiple
surface thermocouples was not feasible. In those instances, a
single thermocouple may have been used to record unexposed
side surface temperatures provided that the location of the
thermocouple was such that unexposed side surface temperatures

~ for the entire penetration seal were represented. On through

penetrating items thermocouples are required approximately 1 to 3
inches above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record the
temperature for each type of through-penetrating item contained in
the test assembly. However, based on the size and configuration
of the two seal assemblies, the single thermocouple on the
unexposed seal surface provides a representative reading of the
entire seal surface and satisfies the single thermocouple allowance
criteria of this checklist item. The requirement to have one
thermocouple placed approximately 1 to 3 inches above the
unexposed side surface of the penetration seal is not satisfied.
Although a thermocouple is not placed specifically on the pipe
penetrant 1 to 3 inches from the seal surface, the thermocouple
placement is considered to meet the intent of the review criteria.

"This is based on the fact that only the temperature readings from

the thermocouples located on the surface of the seal material are
connsidered when determining acceptance of a penetration seal
assembly based on limiting endpoint temperature (Refer to

checklist item "q").

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and |EEE 634-1978)
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Yes [ No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout

“the first 2 hours of the test and every 10 minutes thereafter

(Reference Appendix B of the test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) :

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix B of

" the test report includes a section entitied "Test Comments” in

which observations of the test assembly were documented during
and after the fire test and after the hose stream test (Reference
Appendix B "Test Comments").

Justification: Not Applicable I_

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83) '

Yes 0 No [0 Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shail not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For

_cable penetration fire stops, per IEEE-634, the cable penetration

fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration. :

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable
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Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and |IEEE 634-1978, as described above)

Yes [J No [0 Meets Intent (See.Justification)

Discussion: The fire test satisfies the review criteria.- All
penetrating items extended 1' minimum on the exposed side of the
slab and 3' minimum on the unexposed side. (Reference "Test
Assembly", page 3 of the fire test report).

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978). :

Yes O No [1 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  The
synopsis of the fire test report indicates that the specimen was
exposed to a 3 hour fire test and that the fire did not penetrate
penetrations 4,8 or 14 nor did flaming occur on the unexposed side
as a result of heat conduction. Therefore, the reviewed
penetrations are considered to have withstood the fire test
conditions without failure.

Justification: Not Applicable
The hose stream test shall be performed on the test specimen

immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and |IEEE 634-1978), or the hose stream test may

' be performed on a duplicate test specimen subjected to a reduced

fire exposure period (ASTM E-814-83).
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._ Yes - [d No [ Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Synopsis
of the fire test states that immediately after the fire test, the test
assembly was removed from the furnace and subjected to two hose
stream tests. '

Justification: Not Applicable

m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1. ~

Table 1 - Conditions for Hose Stream Test

, Water Pressure at Base | Duration of Application
: Resistance Period of Nozzle, psi Seconds per ft* (m*) of
. (kPa) Exposed Area
g 240 minutes and over if 45 (310) 3.0(32) .
less than 480 min ,
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less ' 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch

/ hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft2 of test slab. (ASTM E-814-83, as described above and
|IEEE 634-1978, as described above)
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O Yes ] No " [@ Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The test specimen was subjected to two hose streams in all, each
applied for a 2:52 (min:sec) duration. The first was through a 1-
1/2" diameter hose with a nozzle set at a 30° angle The discharge
was at a rate of 75 gpm and a distance of 10'. The second was
through a 1-1/2" diameter hose with a nozzle set at a 15° angle.
The discharge was at a rate of 75 gpm and a distance of 10'. The
first hose stream test satisfies the review criteria as it applies to
penetration 4. The hose streams applied did not directly satisfy the
ASTM E-814-83 hose stream required for mechanical penetrations
8 and 14.

Justification: Neither of the two individual hose stream tests
performed satisfy ASTM E-814-83 for Penetrations 8 and 14.
However, NRC Information Notice 88-04, “Inadequate Qualification
and Documentation of Fire Barrier Penetration Seals”, provides
additional guidance. in the performance of hose stream tests.
Specifically, IN 88-04 Appendix A contains guidance for conducting
hose stream tests and lists three acceptable methods for applying
those hose streams. Since the two hose streams applied are in
accordance with said notice, it can be concluded that subjecting
the test specimen to the cooling, impact and erosion effects of two
consecutive full time duration hose streams adequately meets the
intent of the review criteria.

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above)

1 Yes ] No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The hose streams applied satisfy the review criteria, IEEE-634, as
it relates to Penetration 4. Since the hose stream described above
for ASTM E-814-83 was not applied, this test will not be reviewed
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against this checklist item.  Acceptability of the applied hose
streams tests against mechanical penetration seals (i.e.
Penetrations 8 and 14) is justified in checklist item “m".

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The ambient temperature on the unexposed surface of the
specimen for this test is assumed to be 63°F.

Justification: This value is based on the "Unexposed Temperature
Readings" table located in Appendix B of the fire test report, which
lists the lowest temperature at time 0:00 as 63°F. Use of the
lowest recorded ambient temperature results in the most
conservative limiting endpoint temperatures. As for the velocity of
air across the unexposed surface of the test specimen, Based on
conversations with CTL personnel documented by Record of
Conversation 0006-00922-ROC-001 (Reference 7.29), the slab
furnace at CTL is located indoors at a conditioned laboratory.
Unexposed side air velocity within the test environment was not
significant, and although actual conditions were not recorded in the
test report, unexposed side laboratory conditions were not
expected to have adversely affected the test results. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test. '

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)




e

Engineering Report: 0006-00922-02 ' Appendix CI

Revision: O

Page C246 of C388

Discussion: The fire test satisfies the review criteria. The fire test
indicates that there was no passage of flame or gases hot enough
to ignite the cable or other fire stop material on the unexposed side
of Penetration 4. The table of thermocouple temperature readings
in the fire test report, for the reviewed penetration, documents that
two thermocouple temperatures exceeded the limiting criteria

(700°F) at reading 3:00 (hr:min), from a previously acceptable

(147°F) reading at 2:40 (hr:min).

Justification: Fire test report ICC0382004 does not discuss the
exceeded endpoint temperature in the test sections entitled
Synopsis, Observations or Fire Test. However, it is noted in the
test Observations section that penetration 5 experienced structural
failure) at 2:40 (hr/min. The next reading at 2:50 (hr/min) for
Penetration 4 thermocouples T/C 15 and 19 indicates spiked
readings. The seal surface thermocouple for Penetration 5, T/C
23, indicated nearly identical temperature reading spikes.
Therefore, it can be reasonably concluded that Penetration 4 in
fact did not fail. Rather, the exceeded temperatures recorded at
thermocouples T/C 15 and 19 were most likely caused by failure of
the adjacent penetration seal system (Penetration 5).

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations
8 and 14 successfully passed the fire endurance portion of the test
without passage of flame through the penetration or flaming on the
unexposed side of the penetration for a duration of 3 hours
(Reference "Synopsis" on page 2 of the fire test report).
Penetrations 8 and 14 each therefore achieve an F rating of 3
hours.

The maximum temperature achieved by the surface thermocouple
on penetration 8 was 150°F. The maximum temperature achieved




Engineering Report. 0006-00922-02 Appendix C

Revision: 0

Page C247 of C388

by the surface thermocouple on penetration 14 was 194°F. The
limiting endpoint temperature of 388°F (325°F plus ambient) was
not exceeded (Reference checklist item "o" for a discussion of
ambient temperature). Penetrations 8 and 14 each therefore
achieve a T rating of 3 hours (Reference Appendix B of the fire test

report).
Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

& Yes [0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Synopsis
of the fire test report states that no water projected beyond the
unexposed side of reviewed seal assemblies during the two hose
stream tests.

Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978) :

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent the review criteria.
Penetration 4 seal system utilizes ICMS Product 90, which uses a
proprietary blend of silicone elastomer and gamma attenuating
material. :

Justification: Based on the use/application, Product 90 is a High
Density Silicone Elastomer consisting of non-foaming silicone
elastomer (e.g. Dow Corning 170 or General Electric RTV 6428 -
Reference Fire Test PR0293036) which has an LOI of 43 and
pulverized metallic material, which is added to provide equivalent

~density to that of concrete. Therefore, there is reasonable

assurance that ICMS Product 90 satisfies the review criteria.
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C.20

Fire Test ICC0386022-1 (GPC-PSS1)

Fire Test Number: ICC0386022 (GPC-PSS1)

Fire Test Title/Date: Fire and Hose Stream Test for Penetration Seal
Systems (GPC-PSS1), dated December 1986

Fire Test Summary: This test report documents the results of a fire test
conducted on 1 penetration seal configuration installed in a single test
slab. A brief description of the configuration is as follows:

Penetration 1 is a 12" sleeved opening penetrated by a 2" steel pipe. The
penetration seal system consisted of two boots, both attached to the steel
pipe on the exposed surface of the slab. The boots consisted of an inner
layer of Carborundum 36-400U fibersil cloth and an outer layer of Keene
Chase Grade 5643F031 Silicone Impregnated Fiberglass Fabric

Sheeting. A 2-in layer of Carborundum Fiberfrax damming material was

used between the boots.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft2 of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |EEE 634-1978, as described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by three thermocouples located 12"
below the test slab (Reference section "Fire Test", page 6 of the
test report for penetration seal system GPC-PSS2).
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Justification: The furnace used to perform this fire test was the
slab furnace at Construction Technology Laboratories (CTL) in
Skokie, lllinois. Because of the limited description of this furnace
provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 729), the slab furnace at CTL is described as a down
draft type furnace with interior dimensions of approximately 36" x

' 36". Temperatures within the furnace are generally monitored by

three (3) thermocouples located 12" from the test slab. The
furnace is heated by three (3) burners, and due to small area of the
test furnace, conditions across the exposure area of the test
furnace are expected to have been consistent. Internal tests
performed by CTL substantiate that there was a uniform heat flux
across the exposed test slab within the furnace. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by

the fire test.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978) ' '

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The téble of

“discrete thermocouple readings provided in the test report listed

furnace temperatures every 5 minutes throughout the first 2 hours
of the test and every 10 minutes thereafter. (Reference
Penetration Seal System (GPC-PSS1), table "Furnace Atmosphere
Temperature").

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
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temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 0.027% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0386022-1). The fire test report
indicates that the percent difference between the area under the
furnace time-temperature curve the area under the standard time-
temperature curve was 0.028% (Reference Penetration Seal
System(GPC-PSS1), table "Furnace Atmosphere Temperature").

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. |EEE 634-1 978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

O Yes O No Meets Intent (See Justification)
Discussion: See Justification

Justification: The facility used to perform this fire test was

Construction Technology Laboratories (CTL) in Skokie, lllinois.

Because of the limited information with respect to thermocouple
pads provided in the test report, it was necessary to contact CTL to

‘obtain sufficient information to determine compliance with the WBN

test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), it was general practice for CTL to use
thermocouple pads to cover thermocouples placed on the
unexposed side of test specimens. Based on this information in
conjunction with the information contained in the fire test repon, the
intent of this review criteria has been satisfied by the fire test.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:
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1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
.unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the

entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches

above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item ‘
contained in the test assembly.

I[EEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacketffire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetraticn 1 has five thermocouples located on the unexposed
surface of the penetration seal assembly. One at the interface of
the pipe and seal material, three on the unexposed surface of the
seal material and one at the penetration interface (Reference
Penetration Seal System (GPC-PSS1), table "Thermocouple
Reference Chart"). '

Justification: Penetration 1 satisfies the ASTM E814 requirementto

have three thermocouples record unexposed side surface
temperatures (Reference Penetration Seal System GPC-P3S2).

However, the requirement to have one thermocouple placed

approximately 1 to 3 inches above the unexposed side surface of
the penetration seal is not satisfied. Although a thermocouple is
not placed specifically on the pipe penetrant 1 to 3 inches from the
seal surface, the thermocouple placement is considered to meet
the intent of the review criteria. This is based on the fact that only
the temperature readings from the thermocouples located on the
surface of the seal material are considered when determining
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acceptance of a penetration seal assembly based on limiting
endpoint temperature (Refer to checklist item "g").

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes [ No - O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout
the first 2 hours of the test and every 10 minutes thereafter
(Reference  Penetration ~Seal System GPC-PSS1, table
"Unexposed Temperature Readings").

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration
Seal System (GPC-PSS1) includes a section entitled "Test
Comments" in which observations of the test assembly were
documented during and after the fire test and after the hose stream
test.

Justification: Not Applicable
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Per ASTM: E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83) '

Yes [J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

X Yes [J No 1 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that it may be used to
support typical seal detail configuration.
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The process of evaluating the test specimen to determine if it is
"“truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable-

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes 1 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. All

penetrating items extended 1' minimum on the exposed side of the

slab and 3' minimum on the unexposed side. (Reference
“Synopsis", page 1 of the fire test report).

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes ‘0O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that the tested configuration was
exposed to a 3 hour fire test and that the fire did not penetrate
penetration 1 nor did flaming occur on the unexposed side as a
result of heat conduction. Therefore, the test specimen s
considered to have withstood the fire test conditions without failure.
(Reference Penetratlon Seal System GPC-PSS1 page 1 of the fire
test report

Justification: Not Applicable
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l. The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).
Yes 0 No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test states that immediately after the fire test, the test
assembly was removed from the furnace and subjected to three
hose stream tests.
Justification: Not Applicable
m. Per ASTM E-814-83 reguirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period ~ of Nozzle, psi Seconds per ft’ (m?) of
(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0(32)
less than 480 min :
120 min and over if 30 (210) ‘ 1.5 (16)
less than 240 min
90 min and over if less. : 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30(210) 0.6 (6)
than 90 min '
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
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- The hose stream shall be applied to the exposed side. The water

- pressure shall be 75 psi, calculated, at the base of the nozzle and

minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes 0 No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test was
subjected to three hose streams in all, each applied for a 24
second duration. The first was through a 1-1/2" diameter hose with
a nozzle set at a 30° angle The discharge was at a rate of 75 gpm
and a distance of 10'. The second was through a 1-1/2" diameter
hose with a nozzle set at a 15° angle The discharge was at a rate
of 75 gpm and a distance of 10'. The third test used a standard
playpipe with a 1-1/8 diameter tip discharging a solid stream of
water at a pressure of 30 psi at the base of the nozzle, at a
distance of 20' from the test specimen. The third hose stream
satisfies the review criteria.

. Justification: Not Applicable

n. Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been

less than 20 feet by an amount equal to 1 foot for each 10° of

deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The third hose
stream test applied to the test specimen used a standard playpipe
_with a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The nozzle was at a
distance of 20" from the test specimen and the test was for a

. duration of 24 seconds.

Justification: Not Applicable
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The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
fi/sec. (ASTM E-814-83 and |IEEE 634-1978)

O Yes 0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The ambient temperature rise on the unexposed surface of the
specimen for this test is assumed to be 79°F.

Justification: This value is based on the "Unexposed Temperature
Readings" table located in the Penetration Seal System GPC-
PSS1 of the fire test report, which lists the temperature at time 0:00
as 79°F for several thermocouples. Use of the lowest recorded
ambient temperature results in the most conservative limiting
endpoint temperatures. As for the velocity of air across the
unexposed surface of the test specimen, this test was performed at
Construction Technology Laboratories (CTL) in Slokie, llinois.
Because of the limited description of this facility provided in the test
report, it was necessary to contact CTL to obtain sufficient
information to determine compliance with the WBN test
requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-R0OC-001
(Reference 7.29), the slab furnace at CTL is located indoors at a
conditioned laboratory. Unexposed side air velocity within the test
environment was not significant, and although actual conditions
were not recorded in the test report, unexposed side laboratory
conditions were not expected to have adversely affected the test
results. Based on this information in conjunction with the
information contained in the fire test report, the intent of this review
criteria has been satisfied by the fire test.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978) "

Yes O No O Meets Intent (See Justification)
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Discussion: Not Applicable. Since penetration 1 is a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable

q. Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83

~ requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes J No [0 Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. Penetration 1
successfully passed the fire endurance portion of the test without

passage of flame through the penetration or flaming on the
unexposed side of the penetration for a duration of 3 hours
(Reference Penetration Seal System GPC-PSS1 of the fire test
report). Penetration 1 achieved an F rating of 3 hours.

The maximum temperature achieved by the surface thermocouples
on penetration 1 was 239°F (Reference tables "Thermocouple
Reference Chart" and "Unexposed Temp. Readings" in the
Penetration Seal System GPC-PSS1 fire test report). The limiting
endpoint temperature (325°F above its initial temperature) for
penetration 1 (239°F) was not exceeded.(Reference checklist item
"o" for a discussion of ambient temperature). Penetration 1
achieved a T rating of 3 hours.

Justification: Not Applicable

r. The assembly shall have withstood the hose stream test without

passage of water. The assembly shall have been considered to

have failed if a through opening had developed which permitted a

. projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)
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-~

Discussion: The fire test satisfies the review criteria. The synopsis

on page 2 of the fire test report (Penetration Seal System GPC-
PSS1) states that no water projected beyond the unexposed side
of the test assembly at penetration 1 during the three hose stream

tests.
Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: Not Applicable. Since penetrations 1 and 6 were
mechanical penetration seals, |[EEE 634 requirements do not

apply.

Justification: Not Applicable
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l,‘ C.21 Fire Test ICC0386022-2 (GPC-PSS2)

Fire Test Number: 1CC0386022-2 (GPC-PSS2)

Fire Test Title/Date: Fire and Hose Stream Tests for Penetration Seal
Systems (GPC-PSS2), dated June 1986

Fire Test Summary: This test report documents the results of a fire test
conducted on 1 penetration seal configuration installed in a single test
slab. A brief description of the configuration is as follows:

Penetration 1 is a 12" sleeved opening penetrated by a 2" steel pipe. The
penetration seal system consisted of two boots, both attached to the steel
pipe on the exposed surface of the slab. The boots consisted of an inner
layer of Carborundum 36-400U fibersil cloth and an outer layer of Keene -
Chase Grade 56493F031 Silicone Impregnated Fiberglass Fabric
Sheeting. A 2-in. layer of Carborundum Fiberfrax damming material was
used between the boots.

a. The temperature fixed by the standard time-temperature curve

(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE

634-1978) shall be deemed to be the average furnace temperature

A obtained from the readings of furnace thermocouples. Per ASTM

E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft2 of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)
temperature was measured by three thermocouples located 12"

below the test slab (Reference section "Fire Test", page 6 of the
test report).

’ ‘ Discussion: The fire test satisfies the review criteria. = Furnace

| ‘ Justification: The furnace used to perform this fire test was the
B slab furnace at Construction Technology Laboratories (CTL) in
Skokie, lllinois. Because of the limited description of this furnace
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provided in the test report, it was necessary 1o contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), the slab furnace at CTL is described as a down
draft type furnace with interior dimensions of approximately 36" x
36". Temperatures within the furnace are generally monitored by
three (3) thermocouples located 12" from the test slab. The
furnace is heated by three (3) burners, and due to small area of the
test furnace, conditions across the exposure area of the test
furnace are expected to have been consistent. Internal tests
performed by CTL substantiate that there was a uniform heat flux
across the exposed test slab within the furnace. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |IEEE 634-1978) 4

Yes 0 No ] Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report listed
furnace temperatures every 5 minutes throughout the first 2 hours
of the test and every 10 minutes thereafter. (Reference Appendix
A of the test report, table "Furnace Atmosphere Temperature").

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |EEE 634-1978)
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. Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 0.007% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0386022-2). The fire test report
indicates that the percent difference between the area under the
furnace time-temperature curve the area under the standard time-
temperature curve was 0.006% (Reference Appendix A of the fire
test report, table "Furnace Atmosphere Temperature”).

~ Justification: Not Applicable

d. ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. |EEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

m.

O Yes O No Meets Intent (See Justification)
Discussion: See Justification

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, Hlinois.
Because of the limited information with respect to thermocouple
pads provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), it was general practice for CTL to use
thermocouple pads to cover thermocouples placed on the
unexposed side of test specimens. Based on this information in
conjunction with the information contained in the fire test report, the
intent of this review criteria has been satisfied by the fire test.

e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

. ' 1. On the unexposed surface of the penetration seal assembly.
: At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
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’ physical placement of multiple surface thermocouples was
’ not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the

entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

|IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacketffire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop '
material.

. O Yes [0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 1 has five thermocouples located on the unexposed
surface of the penetration seal assembly. One at the interface of
the pipe and seal material, three on the unexposed surface of the
seal material and one at the penetration interface (Reference
Appendix A of the fire test report, table "Thermocouple Reference
Chart").

Justification: Penetration 1 satisfies the ASTM E814 requirement to
have three thermocouples record unexposed side surface
temperatures. However, the requirement to have one
thermocouple placed approximately 1 to 3 inches above the
unexposed side surface of the penetration seal is not satisfied.
Although a thermocouple is not placed specifically on the pipe
penetrant 1 to 3 inches from the seal surface, the thermocouple
placement is considered to meet the intent of the review criteria.
This is based on the fact that only the temperature readings from
the thermocouples located on the surface of the seal material are
considered when determining acceptance of a penetration seal
‘assembly based on limiting endpoint temperature (Refer to
checklist item "q").
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Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes O No . O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout
the first 2 hours of the test and every 10 minutes thereafter
(Reference Appendix A of the test report, table "Unexposed
Temperature Readings").

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix A of
the test report includes a section entitled "Test Comments” in
which observations of the test assembly were documented during
and after the fire test and after the hose stream test.

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)




Engineering Report: 0006-00922-02 Appendix C
Revision: 0 Page C265 of C388

Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

i. ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per [EEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be

. representative of the cables used in the fire stop under actual

, installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the- floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes. O No. . [O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that it may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
“truly representative of the fire stop for which classification is
. desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable
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Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual instaliation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes J No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. All-

penetrating items extended 1' minimum on the exposed side of the
slab and 3' minimum: on the unexposed side. (Reference

" “Synopsis", page 1 of the fire test report).

Justiﬁcafion: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes [l No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that the tested configuration was
exposed to a 3 hour fire test and that the fire did not penetrate
penetration 1 nor did flaming occur on the unexposed side as a
result of heat conduction. Therefore, the test specimen s
considered to have withstood the fire test conditions without failure.
(Reference “Synopsis", page 1 of the fire test report).

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes J No [0 Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The synopsis

of the fire test states that immediately after the fire test, the test
assembly was removed from the furnace and subjected to three
hose stream tests.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application

Resistance Period of Nozzle, psi Seconds per ft* (m?) of

(kPa) - Exposed Area

240 minutes and over if 45 (310) ‘ 3.0 (32)
less than 480 min

120 min and over if 30 (210) 1.5 (16)
less than 240 min

90 min and over if less 30 (210) 0.9 (10)
than 120 min

60 min and over if less 30 (210) 0.6 (6)
than 90 min

desired

less than 60 min if - 30 (210) - 0.6 (6)

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No O MQeets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The test was
subjected to three hose streams in all, each applied for a 24
second duration. The first was through a 1-1/2" diameter hose with
a nozzle set at a 30° angle The discharge was at a rate of 75 gpm
and a distance of 10'. The second was through a 1-1/2" diameter
hose with a nozzle set at a 15° angle The discharge was at a rate
of 75 gpm and a distance of 10". The third test used a standard
playpipe with a 1-1/8 diameter tip discharging a solid stream of
water at a pressure of 30 psi at the base of the nozzle, at a

" distance of 20" from the test specimen. The third hose stream

satisfies the review criteria.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The third hose
stream test applied to the test specimen used a standard playpipe
with a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The nozzle was at a
distance of 20' from the test specimen and the test was for a
duration of 24 seconds.

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and |IEEE 634-1978)

O Yes O] No Meets Intent (See Justification)
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Discussion: The fire test meets the intent of the review criteria.
The ambient temperature rise on the unexposed surface of the

'specimen for this test is assumed to be 72°F.

Justification: This value is based on the "Unexposed Temperature
Readings" table located i Appendix B of the fire test report, which
lists the temperature at time 0:00 as 72°F for several
thermocouples. Use of the lowest recorded ambient temperature

~results in the most conservative limiting endpoint temperatures. As

for the velocity of air across the unexposed surface of the test
specimen, this test was performed at Construction Technology
Laboratories (CTL) in Slokie, lllinois. Because of the limited
description of this facility provided in the test report, it was
necessary to contact CTL to obtain sufficient information to
determine compliance with the WBN test requirements. Based on
conversations with CTL personnel documented by Record of
Conversation 0006-00922-ROC-001 (Reference 7.29), the slab
furnace at CTL is located indoors at a conditioned laboratory.
Unexposed side air velocity within the test environment was not
significant, and although actual conditions were not recorded in the
test report, unexposed side laboratory conditions were not
expected to have adversely affected the test resulits. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for'a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: Not Applicable. Since penetration 1.is a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
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. | “flame through the opening nor shall there have been any flaming

_on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration 1
successfully passed the fire endurance portion of the test without
passage of flame through the penetration or flaming on the
unexposed side of the penetration for a duration of 3 hours
(Reference "Synopsis' on page 1 of the fire test report).
Penetration 1 achieved an F rating of 3 hours.

The maximum temperature achieved by the surface thermocouples

on penetration 1 was 398°F, recorded at 3 hours into the test
(Reference tables "Thermocouple Reference Chart" - and
i "Unexposed Temp. Readings" in Appendix A of the fire test report).

The limiting “endpoint temperature (325°F above its initial
temperature) for penetration 1 (398°F) was therefore not exceeded.
Penetration 1 achieved a T rating of 3 hours. :

Justification: Not Applicable

r. The assembly shall have withstood the hose stream test without
’ passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the -unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis

on page 1 of the fire test report states that no water projected

beyond the unexposed side of the test assembly at penetration 1
' during the three hose stream tests.

Justification: Not Applicable
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" Per |IEEE 634-1978, Individual components of the fire stop system

shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes J No 00 Meets Intent (See Justification)

Discussion: Not Applicable. Since penetrations 1 and 6 were
mechanical penetration seals, IEEE 634 requirements do not

apply.

Justification: Not Applicable
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C.22 Fire Test 93-H-72449

Fire Test Number: 93-H-72449

Fire Test Title/Date: 3 Hour Fire Resistance Evaluation of Twelve

' Different Fire Penetration Seal Designs
Contained within Two Different Slabs, dated
November 22, 1993.

Fire Test Summary: This test report documents the results of a fire
test conducted on 12 penetration seal configurations installed in two test
slabs. Because some of the penetration seal configurations covered by
this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration
seal configurations required to support WBN typical seal details.
Specifically, these penetration seal configurations of importance are
penetrations 2,3,4,7,8,9,11 and 12. A brief description of each of these -
configurations is as follows:

. Penetration 2 was a 6” diameter steel sleeve in slab #1. The
Dty sleeve was penetrated by 100% visual loading of cable (refer
to page 9 of the test report for installed cable). Seal material
consisted of a 6” thickness of Dow Corning Sylgard 170.

Penetration 3 was a 6" diameter steel sleeve in slab #1. The
sleeve was penetrated by 100% visual loading of cable (refer
to page 10 of the test report for installed cable). Seal material
consisted of a 4" thickness of Dow Corning Sylgard 170 and a
1" thickness of ceramic fiber damming material.

Penetration 4 was a 6” diameter steel sleeve in slab #1. The
sleeve was penetrated by 100% visual loading of cable (refer
to page 11 of the test report for installed cable). Seal material
consisted of a 6” thickness of Dow Corning 3-6548 and a 1"
thickness of ceramic fiber damming material.

Penetration 7 was a 14" diameter steel sleeve in slab #1. The

sleeve was penetrated by an 8” diameter steel pipe. The pipe

was mounted concentric to the sleeve. Seal material

consisted of a 8" thickness of Dow Corning Sylgard 170 and a
‘ 1" thickness of ceramic fiber board damming material.
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Penetration 8 was a 26" diameter steel sleeve in slab #1. The
sleeve was penetrated by an 18" diameter steel pipe. The
pipe was mounted concentric to the sleeve. Seal material
consisted of a 12" thickness of PROMATEC HDSE.

Penetration 9 was a 30" diameter steel sleeve in slab #2. The
sleeve was penetrated by an 20" diameter steel pipe. The
pipe was mounted concentric to the sleeve. Seal material
consisted of a 12" thickness of Ceramic Fiber installed within
the plane of the slab with Flexible Boots attached between the
pipe and sleeve extension on both sides of the slab.

Penetration 11 was a 20" diameter steel sleeve in slab #2.
The sleeve was penetrated by an 16" diameter steel pipe.
The pipe was mounted concentric to the sleeve. Seal
material consisted of a 12" thickness of Dow Corning 3-6548.

Penetration 12 was a 20" diameter steel sleeve in slab #2.
The sleeve was penetrated by an 16" diameter steel pipe.
The pipe was mounted concentric to the sleeve. Seal
material consisted of a 12" thickness of Dow Corning Sylgard
170.

The temperature fixed by the standard .time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft* of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace

temperature was measured by ten thermocouples located 12"
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below the test slabs (Reference section "Test Procedure”, page 2
and Appendix C1 and C2 “Test Data” of the test report).

Justification: Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report list
furnace temperatures every 1 minute throughout the 3 hours of the
tests (Reference Appendix C1 and C2 “Test Data” of the test
report). : :

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the

~ corresponding area under the standard time-temperature curve for

fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |IEEE 634-1978)

X Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within -0.608% of the standard time-temperature curve for slab #1
and within -0.471% of the standard time-temperature curve for slab
#2 (Reference the calculations and graphs provided in Appendix D
of this engineering report for fire test 93-H-72449). The fire test
report indicates that the percent difference between the area under
the furnace time-temperature curve the area under the standard
time-temperature curve was controled within 5% for the 3 hour test
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periods (Referénce section “Test Procedure”, page 3 of the test
report). '

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

B Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.
Thermocouples were covered by 2"x2"x0.4" felted mineral fiber
pads, (Refer to section “Test Procedure”, page 3 of the test report).

Justification: Not Applicable

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacketfire stop interface, .2) the interface
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between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

O Yves O No B Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetrations 2,3 and 4 each had thermocouples located on the
unexposed surface of the penetration seal assembly, four to five
thermocouples on penetrating cable 1” above the seal surface, and
two thermocouples on the seal surface. There were no through
metallic components.

Penetrations 7,8,9,11 and 12 each had thermocouples located on
the unexposed surface of the penetration seal assembly, two
thermocouples on the seal surface and one on the penetrating pipe
1" above the seal surface. These thermocouple placements
satisfiy the review criteria for ASTM E-814-83.

Justification: The use of thermocouple pads, combined with the
limited space in the area of the seal / cable interface, precluded the
placement of thermocouples precisely at the interface location.
The presence of three thermocouples located on cable jacketing
approx. 1" above the seal surface is considered to provide an
adequate representation of temperatures on the unexposed side in
the vicinity of the interface area. Penetrations 2,3 and 4 therefore
meet the intent of the review criteria.

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

K Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 1 minute throughout
the 3 hours of the tests (Reference Appendix C1 and C2 “Test
Data” of the test report). |

Justification: Not Applicable
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. . g. Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
-smoke. - Per |IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above)

Yes d No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Observations
of the test assembly were documented during and after the fire test
and after the hose stream test (Reference section “Test Results-
Slab #1", page 15 and “Test Results-Slab #2", page 20 of the test
report).

. Justification: Not Applicable

h. Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the s_tandard for both slabs was
acceptable, therefore this checklist item is not applicable.

Justification: Not Applicable

I. ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
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. cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the ‘actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes O No - [0 Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The process
‘ of reviewing the fire tests to the standard checklist is essential to
o establish the validity of the fire tests so that they may be used to

support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

J- Per ASTM E-814-83 requirements, through-penetrating items shall

' be installed so that they extend 12 in. on the exposed side and 36

in. on the unexposed side, unless either or both of these

extensions are not typical of actual field installations. Per IEEE

634-1978, the cable within the penetration or the raceway passing

through the penetration shall protrude 3 to 5 ft. on the unexposed

side and a minimum of 1 ft. on the exposed side. Vertical cables in

floor penetration tests shall be supported on the unexposed side to

: simulate continuous cables in an actual installation. (ASTM E-814-

. 83, as described above and IEEE 634-1978, as described above)

Yes O No O Meé't_'s»_lntent (See Justification)
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v

Discussion: The fire test satisfies the review criteria.  All
penetrating items extended 1" minimum on the exposed side of the
slab and 3' minimum on the unexposed side (Reference section
"Penetrating Items", page 4 of the fire test report).

Justification: Not Applicéble

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM

E-814-83 and IEEE 634-1978)

Yes [J No O Meets Intent (See Justification)

'Discussion: The fire test satisfies the review criteria. The “Test

Results”, page 15 for slab #1 and page 20 for slab #2 of the fire
test report indicate that the tested configurations being reviewed
were exposed to a 3 hour fire test and that the fire did not
penetrate penetrations 2,3,4,7,8,9,11 and 12 nor did flaming occur
on the unexposed side as a result of heat conduction. Therefore,
the test specimens are considered to have withstood the fire test

" conditions without failure.

Justification: Not Applicable

The hose stream test shall be performed on the test specimen

. immediately following the expiration of the fire endurance test.

(ASTM E-814-83 and |EEE 634-1 978)
Yes O No O Meets intent (See Justification)

Discussion: The fire test satisfies the review criteria. The “Test
Results”, page 15 for slab #1 and page 20 for slab #2 of the fire’
test report indicate that the tested configurations were exposed to
a hose stream test immediately after the flame exposure.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern




Engineering Report: 0006-00922-02 o Appendix C
Revision: 0 Page C280 of C388

. without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft? (mz) of
(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0(32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min '
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) - 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired :

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

] Yes J No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The hose stream test applied to both slab #1 and slab #2 was
applied in accordance with ASTM E-814-83. The hose stream test
applied to Penetrations 7,8,9,11 and 12 satisfy the review criteria
for these penetrations.

Justification: The hose stream test performed on slab #1 did not

: satisfy the |EEE-634 review criteria for Penetrations 2,3 and 4.

However, NRC Information Notice 88-04, “Inadequate Qualification

. and Documentation of Fire Barrier Penetration Seals”, provides
additional guidance in the performance of hose stream tests.

Specifically, IN 88-04 Appendix A contains guidance for conducting

I
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hose stream tests and lists three acceptable methods for applying
those hose streams. Since the hose stream applied in fire test 93-
H-72449 is in accordance with said notice. It can be concluded
that subjecting the reviewed electrical seal assemblies of slab #1 to
the cooling, impact and erosion effects of a hose stream delivered
by the following method; a 2-1/2 inch hose discharging through a
National Standard Playpipe of corresponding size equipped with a
1-1/8 inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice, discharging a solid stream of water
at a pressure of 30 psi at the base of the nozzle, with the hose
stream delivered at an estimated angle of 30° away from nomal,
with the nozzle tip positioned 17 feet from the center of the
exposed face of the test slab, meets the intent of the review
criteria.

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per |EEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above) .

[1 Yes 0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria. The
hose stream test applied to the test specimens of slab #1 and 2
used a nozzle angle of 30° to the slabs at distance of 17 from the
test slabs (Reference “Test Results-Slab #1", page 15 and “Test
Results-Slab #2”, page 21 of the test report). '

Justification: Per IEEE 634-1978, for electrical fire stops, the
nozzle distance shall be 10 ft. from the center of the exposed
surface of the test specimen. Although the hose stream test
applied to Penetrations 2,3 and 4 does not satisfy the review
criteria of this checklist item, acceptability of the hose stream test

" n

used is provided in checklist item “m".

The ambient air terﬁperature at the beginning of the test shall haVe
been within the range of 50°F to 90°F, and the velocity of air
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across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

Yes 1 No [0 Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The ambient
temperature at the time slab #1 was tested was 72°F and the
ambient temperature at the time slab #2 was tested was 68°F
(Reference “Test Results-Slab #1”, page 15 and “Test Results-
Slab #2", page 20 of the test report).

As for the velocity of air across the unexposed surface of the test
specimen and the use of mechanical ventilation, this test was
conducted at the Omega Point Laboratories fire test facility which
uses furnaces that are indoors. Wind velocities over the
unexposed surface of the test assembly are insignificant
(Reference 7.30). "

Justification: Not Applicable

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes ] No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report for
Penetrations 2,3 and 4 documents applicable thermocouple
temperatures as below the limiting criteria (Reference Appendix C1
“Test Data” of the test report).

Justification: Not Applicable
Per ASTM E-814-83 requirements for an F rating, the assembly

shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
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on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes [J No [0 Meets Intent (See Justification)

Discussioh: The fire test satisfies the review criteria. Penetrations
2.3 and 4, electrical penetration seal assemblies, are not reviewed
against this checklist item.

When Penetration 7 is reviewed against the review criteria, the
following ratings are established. 1) Penetration 7 satisfies the
review criteria for an F rating of 180 minutes. 2) Penetration 7
satisfies the review criteria to the extent that the seal assembly

receives a T rating of 163 minutes.

When Penetration 8 is reviewed against the review criteria, the
following ratings are established. 1) Penetration 8 satisfies the
review criteria for an F rating of 180 minutes. 2) Penetration 8
satisfies the review criteria for a T rating of 180 minutes

When Penetration 9 is reviewed against the review criteria, the
following ratings are established. 1) Penetration 9 satisfies the
review criteria for an F rating of 180 minutes. 2) Penetration 9
satisfies the review criteria to the extent that the seal assembly
receives a T rating of 106 minutes.

When Penetration 11 is reviewed against the review criteria, the
following ratings are established. 1) Penetration 11 satisfies the
review criteria for an F rating of 180 minutes. 2) Penetration 11
satisfies the review criteria to the extent that the seal assembly
receives a T rating of 90 minutes.

When Penetration 12 is reviewed against the review criteria, the
following ratings are established. 1) Penetration 12 satisfies the
review criteria for an F rating of 180 minutes. 2) Penetration 12
satisfies the review criteria for a T rating of 180 minutes.

Justification: For the purposes of this checklist item.  The
determination of F rating is based on the findings of checklist item
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“k”  The determination of T rating is based on the time duration, at
which, a reviewed thermocouple (unexposed seal surface)
temperature reading is determined to have exceeded the limiting
temperature as defined by this checklist item.

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

& Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The “Test
Result-Slab #1" section states that Penetrations 2,3,4,7 and 8
withstood the hose stream test successfully. The “Test Result-Slab
#2" section states that Penetration 11 allowed water to pass
through the seal during the hose stream test and Penetrations 9
and 12 withstood the hose stream test successfully (Reference
“Test Result-Slab #1”, page 17 and “Test Resuit-Slab #2°, page
22). '

Justification: Although Penetration 11 has been identified as failing
the review criteria of this checklist item, review of the” Post-Test
Observations During Disassembly of Seals” revealed the following:
1) The seal was raised approximately %" above the top of the slab.
2) The majority of the material was consumed and a layer of
material was still in contact with the sleeve for a distance of
approximately 7" from the top of the slab. Therefore, based on
the fire test observations, it can be concluded that although there
was a passage of water to the unexposed side of the seal
assembly, the seal assembly remained in place within the
penetration. As allowed by ASTM E-814-83, if a duplicate
specimen was to be subjected to a one (1) hour fire endurance
test. and then the hose stream test appied, it is certain that the
assembly would pass the hose stream test. In this scenario, the
configuration tested in Penetration 11 would be rated for three (3)
hours with respect to an F rating only. It is on this basis that the
configuration tested in Penetration 11 is used to support WBN
typical details for three (3) hour F rated configurations only.

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
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ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes [0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration 4

~ seal system utilized Dow Corning 3-6548 RTV silicone foam and

Thermal Ceramics Kaowoo! ceramic fiber damming material.
Penetrations 2 and 3 seal systems utilized Dow Corning Sylgard
170 RTV silicone elastomer. Penetration 3 also has Thermal
Ceramics Kaowool ceramic fiber damming material. Dow Corning
3-6548 has a flame spread rate of 15. Dow Corning Sylgard 170
has an LOI of 43. The Thermal Ceramics Kaowool ceramic fiber
damming material is generally accepted .as “non-combustible”
material. Since Penetrations 7,8,9,11 and 12 were reviewed as
mechanical seal systems, IEEE-634 requirements do not apply.

Justification: Not Applicable




Engineering Report: 0006-00922-02 . . Appendix C -
Revision: 0 Page C286 of C388

C.23 Fire Test CTP-1076

Fire Test Number; CTP-1076

Silicone Foam Without Damming, March 28, 1985

Fire Test Summary:  This test report documents the results of a fire test
conducted on a test slab (14’ x 8' x 12” thick) containing two (2) blockouts
and eight (7) pipe penetrations with various penetrating items and seal
materials. Because some of the penetration seal configurations covered
by this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration
seal configurations required to support WBN typical seal details.
Specifically, the penetration seal configuration of importance is
penetration C.1.17. A brief description of each of this configuration is as

Fire Test Title/Date: Three Hour Fire Qualification Test of Nine Inch
follows:
\

pipe which was capped on the exposed side of the penetration. The pipe
was offset in the sleeve, allowing 0” clearance at one point. Seal material
consisted of a 9" thickness of Dow Corning 3-6548 silicone foam without
any permanent damming material. '

. Penetration C.1.17 was a 12" sleeved openihg penetrated by a 2" steel

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not.less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |IEEE 634-1978, as described above)

. Yes [J No [0 Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by twelve thermocouples located 12°
below the test slab (Reference Appendix B20 of Test Report CTP-
1076). ‘

Justification: Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |IEEE 634-1978)

X Yes 1 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1076 contains a time-temperature graph which
presents furnace temperature as a plot of the average of twelve
furnace thermocouple readings versus time. The test report also
includes a table listing discrete thermocouple readings from which
the continuous plot was generated. The table shows that furnace
temperatures were recorded at 20 second intervals throughout the
duration of the fire endurance test (Reference Appendix B20 of the
fire test report).

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The area

under the furnace time-temperature curve was calculated to be
within 0.107% of the standard time-temperature curve (Reference
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the calculation and graph provided in Appendix D of this
engineering report for fire test CTP-1076).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

[J Yes J No Meets Intent (See Justification)

Discussion: The fire tests satisfies the review criteria. The method
of thermocouple attachment described in Fire Test Report #CTP-
1076 consisted of placing the tip of each thermocouple under a 2°
x 2" flexible, dry, felted mineral fiber pad.

Justification: Not Applicable

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall- have recorded
unexposed side surface temperatures, except where
physical placement of muiltiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

|IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
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. | between the fire stop and through metallic components other than

Enginee}ing Report: 0006-00922-02 . 4 Appendix C
the insulated cable conductor, and 3) the surface of the fire stop
| material.

Yes [ No O Meets Intent (See Justification)

Discussion: The fire test report satisfies the review criteria for the

“penetrations of interest, which are mechanical penetrations. Test
report Figure B-390 (Appendix A) shows that 3 thermocouples
were located on the penetration seal surface for Penetration No.
C.1.17. Figure IV-14 shows that thermocouples were located as
follows for penetration No. C.1.17: 1) mounted to the penetrating
item, 2) mounted at the interface of the penetrant and the seal
material, and 3) mounted directly on top of the seal surface.

Justification: Not applicable

f. Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
‘obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

7 Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1076 Appendix B20 indicate that temperature readings
were taken during the entire three hour fire endurance test at 20
second intervals.

Justification: Not Applicable

g. Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.

. : (ASTM E-814-83, as described above and IEEE 634-1978, as
described above)
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Yes 0 No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. Appendix C
of the test report entitted “Visual Observations® in which
observations of the test assembly were documented during and
after the fire test and after the hose stream test.

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance

“period is 1 hour or over a correction shall be applied for variation of

the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace

exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
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are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
“truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  The
penetrating pipe for penetration no. C.1.17 extended 1' minimum
on the exposed side of the slab and 3' minimum on the unexposed
side. (Reference Appendix A drawing B-390, Test Report CTP-
1076).

Justification: Not Applicable
The fire endurance test shall be continued on the specimen until

failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM

E-814-83 and IEEE 634-1878)

Yes O No O Meets Intent (See Justification)
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Discussion: Thé fire test satisfies the réview criteria. As stated

throughout Fire Test Report CTP-1076, the classification desired
for the tested configuration was a three hour fire rating. The test
specimen was exposed to the ASTM E-119 time/temperature curve
for a three hour period and that the fire did not penetrate the test
specimen nor did flaming occur on the unexposed side as a result
of heat conduction.

Justification: Not Applicable
The hose stream test shall be performed on the téét"specirﬁen

immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may

be performed on a duplicate test specimen subjected to a reduced

fire exposure period (ASTM E-814-83).
Yes [J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Per Fire Test
Report CTP-1076, immediately after the fire test, the test assembly
was removed from the furnace and subjected to three hose stream
tests.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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. Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft* (m?) of
(kPa) _ Exposed Area -
240 minutes and over if | 45 (310) 3.0 (32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min .
90 min and over if less 30 (210) 0.9 (10)
than 120 min \
60 min and over if less 30(210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired :

| For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
| hose discharging through a nozzle approved for use on fires in
' electrical equipment, producing a long-range-narrow angle (30-90°

set at 30° included angle) high velocity spray only shall be used.
' The hose stream shall be applied to the exposed side. The water
ot pressure shall be 75 psi, calculated, at the base of the nozzle and

minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The test was

subjected to three hose streams in all, each applied for a 168
second duration. The first was through a 1-1/2" diameter hose with

a nozzle set at a 30° angle The discharge was at a rate of 75 gpm

and a distance of 10'. The second was through a 1-1/2" diameter
hose with a nozzle set at a 15° angle The discharge was at a rate
of 75 gpm and a distance of 10'. The third test used a standard
playpipe with a 1-1/8 diameter tip discharging a solid stream of
water at a pressure of 30 psi at the base of the nozzle, at a
distance of 20' from the test specimen. The third hose stream
satisfies the review criteria.

. Justification: Not Applicable
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Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The third hose
stream test applied to the test specimen used a standard playpipe
with a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The nozzle was at a
distance of 20' from the test specimen and the test was for a
duration of 168 seconds.

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

] Yes 1 No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient
air temperature at the beginning of Fire Test CTP-1076 was 72°F.
This temperature is within the specified range and is thereby
acceptable. As for the velocity of air across the unexposed surface
of the test specimen and the use of mechanical ventilation, this test
was conducted at the SwR fire test facility. Test Report CTP-1076
states that since the test was conducted outdoors, a building was
erected around the furnace to meet ASTM E-119 standards. This
structure was adequate to prevent excessive air currents over the
unexposed surface of the slab. This provides reasonable evidence
that Fire Test CTP-1076 was performed in compliance to this
checklist item. '

Justification: Not Applicable.
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. p. Per IEEE 634-1978 requirements, the assembly shall have
‘ withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes J No O Meets Intent (See Justification)

Discussion: Not Applicable. Since penetration C.1.17 is a
mechanical penetration seal, [EEE 634 requirements do not apply.

Justification: Not Applicable

q.  Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming

. on the unexposed side of the penetration for a period equal to that
’ for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration
C.1.17 achieved 3 hour F rating, as no passage of flame occurred
during the test duration. (Reference “Conclusion”, of the test
report).

The maximum temperature achieved by the surface thermocouple

on penetration no. C.1.17 was 366°F (Reference Appendix B8

page 21 of the test report), which is less than the limiting

temperature of 397°F (72°F + 325°F). Penetration no. C.1.17
. therefore achieves a T rating of 3 hours.

':’-’?ﬁ'e‘

Justification: Not Applicable
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r The assembly shall have withstood the hose stream test without

passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

B Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test
results of Appendix A of the fire test report states that no water
projected beyond the unexposed side of the test assembly through
the penetration during the hose stream test.

Justification: Not Applicable

S. Per IEEE 634-1978, Individual components of the fire stop system
- shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
l . minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: Not Applicable. Since penetration no. C.1.17 is a
mechanical penetration seals, |[EEE 634 requirements do not

apply.

Justification: Not Applicable




Engineering Report. 0006-00922-02 Appendix C

Revision; 0

C.24

- Page C297 of C388

Fire Tes-t TS-TP-0006

~ Fire Test Nmeer: TS-TP-0006

Fire Test Title/Date: Fire and Hose-Stream tests of Penetration Seal
Systems. dated April 1978

Fire Test Summary: This test report documents the results of 11 fire tests
conducted;’foh 31 penetration seal configurations. Only penetrations 5
and 27 were used to support WBN typical penetration seal details so this
review is limited to those two penetrations. A brief description of each of
these configurations is as follows:

Penetration 5 was 4" steel sleeve with couplings and sealed only with
steel conduit plugs at both ends. The penetration was tested in Test 4 in
Slab B which was a 46" X 46" X 24" thick concrete slab.

Penetration 27 was 4" steel sleeve with couplings and sealed only with
steel conduit plugs at both ends. The penetration was tested in Test 7 in
Slab D which was a 48" X 48" X 12" thick concrete slab.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and |IEEE 634-1978, as described above)

O Yes [J No Meets Intent (See Justification)

Discussion: The fire test satisfies the intent of the review criteria.
This fire test utilized two shielded chromel alumel thermocouples
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located inside the furnace 12 inches down from the top of the
furnace to monitor the furnace temperature.

Justification: This does not meet the minimum 3 requirement of
ASTM E-814-83 but is acceptable because the small slab furnace
was used with only a 32" X 32" opening at the top, heated by 4 gas
burners which resulted in a uniform blanket of flame and in close
adherence to the time-temperature curve as indicated in Review
item c.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978) o

O Yes 0 No Meets Intent (See Justification)

Discussion: The fire test satisfies the intent of the review criteria.
Table 12 of the test report indicates that temperature readings
were taken at 10 minute intervals throughout the 3 hour fire
endurance test and not every 5 minutes during the first two hours.

Justification: Although temperature readings were not recorded
every 5 minutes during the first two hours of the test, the
temperatures recorded during this period were distributed such as
to provide sufficient assurance that no temperature peaks or dips
were present during the fire test. Therefore, the assertion that the
temperatures were recorded at intervals to show an acceptable
representation of a standard fire test is supported by the fire test -
report. The assertion that the temperatures were recorded at
acceptable intervals is supported by other fire test reports

vpevrf_ormed by the same testing laboratory.

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978) - .
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[ Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within -0.416 % of the standard time-temperature curve. Reference
the calculation and graph provided in Appendix D of this
engineering report).

Justification: Not Applicable

d. ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. [EEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and |EEE 634-1978, as described
above)

‘ Yes [0 No O Meets Intent (See Justification)
Discussion: See Justification

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, lllinois.
Because of the limited information with respect to thermocouple
pads provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), it was general practice for CTL to use
thermocouple pads to cover thermocouples placed on the
unexposed side of test specimens. Based on this information in
conjunction with the information contained in the fire test report, the
intent of this review criteria has been satisfied by the fire test.

e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

least three thermocouples shall have recorded unexposed side
surface temperatures, except where physical placement of multiple
surface thermocouples was not feasible. In those instances, a

' 1. On the unexposed surface of the penetration seal assembly. At




Engineering Report: 0006-00922-02 ' : Appendix C
Revision: 0 Page C300 of C388

. single thermocouple may have been used to record unexposed
’ side surface temperatures provided that the location of the
thermocouple was such that unexposed side surface temperatures

for the entire penetration seal were represented.

2. On-~through-penetrating items approximately 1 to 3 inches above
the unexposed side surface of the penetration seal. At least one
thermocouple shall have been used to record the temperature for
each type of through-penetrating item contained in the test
assembly.

|IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/ffire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop

material.
[ Yes O No Meets Intent (See Justification)
Discussion: The fire test meets the intent of the review criteria.
‘ Penetrations 5 and 27 each had 2 thermocouples measuring
surface temperature, one embedded in the wall sleeve and the
other on the cap of the penetrant (Reference Table 4 of the test
report).

Justification: The tested configurations are empty 4" pipe sleeves

with couplings embedded in the slab(no penetrating seal material

was used) with plugs in the end which are flush with the slab on

both the exposed and unexposed sides with no through penetrating

items. The location of the two thermocouples is such that the

unexposed side surface temperatures for the entire penetration is
. represented.

| f. Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and |IEEE 634-1978)

Yes 0 No [0 Meets Intent (See Justification)
. Discussion: The fire test satisfies the review criteria. Page 15 of

the fire test report indicates that thermocouple readings for the
unexposed side seal temperatures were taken at 3 minute
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.  intervals. Although Appendix B (containing complete temperature
information for each thermocouple) was not available at the time of
this review, -sufficient assurance exists that this portion of the
standard checklist has been met.

Justification: Not Applicable

g. Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per |EEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) .

‘ Yes O No O Meets Interit (See Justification)

Discussion: The fire test satisfies the review criteria. Pages 16, 17
" and 18 of the test report and Table 13 documented observations
during the fire tests. Since penetrations 5 and 27 involved testing
of embedded sleeves with a steel conduit plug at each end, flush
with the test slab, there was no penetration seal material involved.

Justification: Not Applicable

h. Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes 0 No O Meets Intent (See Justification)

exposure variation from the standard was acceptable, therefore,

‘ Discussion: The fire test satisfies the review criteria. The furnace
this checklist item is not applicable.
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Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes J No CIMeets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configurations.

" The process of evaluating the test specimen to determine if it is

“truly representative of the fire stop for which classification is
desired” is addressed in Section 7.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shalll
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing




P

Engineering Report: 0006-00922-02 Appendix C

Revision; 0

Page C303 of C388

through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the checklist criteria.
The penetration involves an empty embedded sleeve plugged at
the surface of the test slab.

Justification: This test configuration is representative of actual field
conditions where an empty sleeve is plugged at both ends. This
satisfies the requirements of ASTM E-814-83 which states that you
extend the penetrating item ‘unless either or both of these
extensions are not typical of actual field installations.”

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes ] No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that the tested configuration was
exposed to a 3 hour fire test and that the fire did not penetrate
either penetration 5 or 27 nor did flaming occur on the unexposed
side as a result of heat conduction. Therefore, the test specimen is
considered to have withstood the fire test conditi.bns without failure.

Justification: Not Applicable
The hose stream test shall be performed on the test specimen

immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and |IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Page 16 of
the fire test report indicates that immediately after the fire test, the




\ ' ' Engineering Report: 0006-00922-02 Appendix C
| Revision: 0 Page C304 of C388

._. : test assembly was removed from the furnace and subjected to the
- hose stream test.

Justification: Not Applicable

m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1. '

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft* (m?) of
(kPa) Exposed Area
240 minutes and over if 45 (310) ‘ 3.0(32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
. less than 240 min '
ey 90 min and over if less 30 (210) 0.9 (10).
' than 120 min '
60 min and over if less 30(210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes 0 No O Meets Intent (See Justification)

‘ Discussion: The fire test satisfies the review criteria. Page 16 of
’ the fire test report indicates that the specimen was subjected to a
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hose stream test for 10 seconds based on a C.25 square foot area
of the slab containing the penetration seal systems. ASTM E-814-
83 requires that configurations with a resistance period 2 hours
and over, but less than 4 hours, be subjected to the hose stream
test for a duration of 2 1/2 minutes per 100 square feet of exposed
area. This equates to 9.4 seconds based on the following:

212 min X 60 sec XC.25sq ft. =9.4sec
100 sq. ft. 1 min 1

The hose test was the ASTM E-119 standard methods hose stream
test which means a standard playpipe with a 1 1/8" tip discharging
a solid stream of water at a pressure of 30 psi at the base of the
nozzle, at a distance of 20’ from the test specimen. This is the
same as the requirement for ASTM E-814-83.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The hose
stream test was a standard playpipe with a 1 1/8” tip discharging a
solid stream of water at a distance of 20' from the test specimen
(Reference page 1 of the test report).

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and |IEEE 634-1978)
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O Yes 0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Page 1 of the test report indicates that the ambient temperature
was 70°F. .

Justification: As for the velocity of air across the unexposed
surface of the test specimen, this test was performed at
Construction Technology Laboratories (CTL) in Slokie, lllinois.
Because of the limited description of this facility provided in the test
report, it was necessary to contact CTL to obtain sufficient
information to determine compliance with the WBN test
requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), the slab furnace at CTL is located indoors at a
conditioned laboratory. Unexposed side air velocity within the test
environment was not significant, and although actual conditions
were not recorded in the test report, unexposed side laboratory
conditions were not expected to have adversely affected the test
results. Based on this information in conjunction with the
information contained in the fire test report, the intent of this review
criteria has been satisfied by the fire test.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the cable jacketing, whichever is lower.
(IEEE 634-1978) ' '

Yes O No O Meets Intent (See Justification)

Discussion: Not Applicable. Since penetrations 5 and 27 were
mechanical penetration seals, IEEE 634 requirements do not

apply.
Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
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for which = classification is desired. Per ASTM E-814-83

“requirements for a T rating, the penetration must have successfully

satisfied the F rating criteria. In addition, to obtaina T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations
5 and 27 successfully passed the fire endurance portion of the test
without passage of flame through the penetration or flaming on the
unexposed side of the penetration for a duration of 3 hours
(Reference page 1 of the test report). Penetrations 5 and 27 each
therefore achieve an F rating of 3 hours. The maximum
temperature achieved by either of the surface thermocouples on
penetration 5 was 180°F and on penetration 27 was 280°F
(Reference Table 7 of test report). The limiting endpoint
temperature of 395°F (325°F plus ambient) was not exceeded
(Reference checklist item “o" for a discussion of ambient
temperature). Penetrations 5 and 27 each therefore achieve a T

rating of 3 hours. :
Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time

during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
on page 1 of the fire test report states that no water projected
beyond the unexposed side of the test assembly at penetrations 5
and 27 during the hose stream test.

Justification: Not Applicable
Per IEEE 634-1978, Individual components of the fire stop system

shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable




Engineering Report: 0006-00922-02 Appendix C
Revision: 0 Page C308 of C388

' . shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes ] No O Meets Intent (See Justification)
Discussion: Not Applicable. Penetrations 5 and 27 are required to
comply with ASTM E-814-83. Also no fire stop material was used

on either-of these penetrations.

Justification: Not Applicable
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Fire Test ICC0286018

Fire Test Number: 1CC0286018

Fire Test Title/Date: Fire and Hose-Stream Tests for Penetration Seal
Systems (NMP2-PSS9), dated April 1986

Fire Test Summary: This test report documents the results of a fire test
conducted on 7 penetration seal configurations installed in a single test 4’
x 4 x 1' concrete slab. Because only two of the 7 penetration seal
configurations covered by this fire test are used to support WBN typical
penetration seal details, the review of this fire test report is limited to only
two penetration seal configurations, penetrations 1 and C. A brief
description of penetration seal configurations 1 and 6 is as follows:

Penetration 1 consisted of a 12" long 6" diameter embedded steel sleeve.
Penetration 1 did not contain any penetrants. Temporary damming was
installed in the bottom of the opening and a 6" depth of Dow Corning 170
RTV Silicone Elastomer was injected into the penetration. The temporary
damming was removed after the elastomer cured.

Penetration 6 consisted of a 5' long 6" diameter embedded steel conduit.
A conduit coupling was installed on the unexposed side of the slab and
the upper portion of the seal was installed above the conduit coupling
joint . The conduit contained a 50% cross sectional (125% visual) cable
fill of PVC jacketed cable. After installing a 1" thickness of Pittsburg
Corning Temp-Mat permanent damming material at each end of the
conduit, Dow Corning 170 Silicone Elastomer was injected into each end
to a depth of 4. The permanent damming material was left in place.

a. The temperature fixed by the standard time-temperature curve -
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for: each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
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sample for floors and 6 inches for walls, and shall not touch the

~sample during the test as a result of deflection. (ASTM E-814-83,

as described above and IEEE 634-1978, as described above)
Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by three thermocouples located 12"
below the test slab (Reference section "Fire Test", page 8 of the
test report).

Justification: The furnace used to perform this fire test was the
slab furnace at Construction Technology Laboratories (CTL) in
Skokie, lllinois. Because of the limited description of this furnace
provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), the slab furnace at CTL is described as a down
draft type furnace with interior dimensions of approximately 36" x
36". Temperatures within the furnace are generally monitored by
three (3) thermocouples located 12" from the test slab. The
furnace is heated by three (3) burners, and due to small area of the
test furnace, conditions across the exposure area of the test
furnace are expected to have been consistent. Internal tests
performed by CTL substantiate that there was a uniform heat flux
across the exposed test slab within the furnace. Based on this
information in conjunction with the information contained in the fire
test report satisfies the review criteria.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

Yes - 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report listed
furnace temperatures every 5 minutes throughout the first 2 hours
of the test and every 10 minutes thereafter. (Reference Appendix
B of the test report, table "Furnace Atmosphere Temperature”).

Justification: Not Applicable
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The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |EEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within -0.011% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0286018). The fire test report
indicates that the percent difference between the area under the
furnace time-temperature curve and the area under the standard
time-temperature curve was -0.0092% (Reference Appendix B of
the fire test report, table "Furnace Atmosphere Temperature").

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. |IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described .
above)

O Yes 0O No Meets Intent (See Justification)
Discussion: See Justification

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, lllinois.
Because of the limited information with respect to thermocouple
pads provided in the test report, it was necessary to contact CTL to
obtain sufficient information to determine compliance with the WBN
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test requirements. Based on conversations with CTL personnel
documented by Record of Conversation 0006-00922-ROC-001
(Reference 7.29), it was general practice for CTL to use
thermocouple pads to cover thermocouples placed on the
unexposed side of test specimens. Based on this information in
conjunction with the information contained in the fire test report, the
intent of this review criteria has been satisfied by the fire test.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple

- was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

|IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacketffire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material. C '

Yes 0O No 0O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria because one

thermocouple is representative of the seal surface temperature.
Penetration 1 complies with ASTM E-814-83. Penetration 1 has 2
thermocouples mounted to the unexposed surface of the test
specimen with thermocouples placed at the following locations: 1 at
the interface between the fire stop and the sleeve, and 1 at the
surface of the fire stop material. (Reference Fig 4 Thermocouple
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Layout for Test Assembly of fire test report ). (Reference Appendix
B of the test report, Thermocouple Reference Chart)

Penetration 6 complies with IEEE 634. Penetration 6 has 5
thermocouples mounted to the unexposed surface of the test
specimen with thermocouples placed at the following locations: 3
at the cable jacket/fire stop interfaces ( 1 ea. @ power, control and
instrument cables ), 1 at the interface between the fire stop and
the conduit, and 1 at the surface of the fire stop material.
(Reference Fig 4 Thermocouple Layout for Test Assembly of fire
test report ). (Reference Appendix B of the test repor,
Thermocouple Reference Chart)

Justification: Not Applicable

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout
the first 2 hours of the test and every 10 minutes thereafter
(Reference Appendix B of the test report, table "Unexposed
Temperature Readings"). :

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per |IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and |EEE 634-1978, as
described above)
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Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix B of
the test report includes a section entitied "Test Comments" in
which observations of the test assembly were documented during
and after the fire test and after the hose stream test. (Reference
Appendix B "Test Comments")

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

& Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Since the
furnace accuracy was within the +/- 5% required by the review
criteria (refer to item c above), a correction formula need not be
applied to the test.

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops




Engineering Report: 0006-00922-02 Appendix C

Revision: 0

Page C315 of C388

which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that the fire test report may
be used to support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, uniess either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and |IEEE 634-1978, as described above)

EYes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The
penetrating items extended 1’ on the exposed side of the slab and
3' on the unexposed side. (Reference “Test Assembly”, page 1 of

the fire test report)

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
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for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that penetrations 1 and 6 were
exposed to a 3 hour fire test and that the fire did not penetrate, nor
did flaming occur on the unexposed side of either penetration 1 or
6 as a result of heat conduction. Therefore, the test specimens are
considered to have withstood the fire test conditions without failure.

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1878), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes O No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. Page 10 of
the fire test states that after the fire test, the test assembly was
removed from the furnace and subjected to three hose stream
tests.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National

~ Standard Playpipe of corresponding size equipped with a 1-1/8

inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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l ' Table 1 - Conditions for Hose Stream Test
| Water Pressure at Base | Duration of Application
i Resistance Period of Nozzle, psi Seconds per ft* (m?) of
| (kPa) Exposed Area
| 240 minutes and over if 45 (310) 3.0 (32)
| less than 480 min .
| 120 min and over if 30 (210) 1.5 (16)

less than 240 min '

90 min and over if less 30 (210) - 0.9(10)

than 120 min .

60 min and over if less 30(210) : 0.6 (6)

than 90 min

less than 60 min if 30 (210) 0.6 (6)

desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
. : The hose stream shall be applied to the exposed side. The water
' pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test was
subjected to three hose streams in all, each applied for a 24
second duration. The first was through a 1-1/2" diameter hose with
a nozzle set at a 30° angle The discharge was at a rate of 75 gpm
and a distance of 10'. The second was through a 1-1/2" diameter
hose with a nozzle set at a 15° angle The discharge was at a rate
of 75 gpm and a distance of 10'. The third test used a standard
playpipe with a 1-1/8 diameter tip discharging a solid stream of
water at a pressure of 30 psi at the base of the nozzle, at a
distance of 20' from the test specimen. The first test satisfies
electrical penetration 6 and the third test satisfies penetration 1.

‘ Justification: Not Applicable
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' n. Per ASTM E-814-83 requirements, the nozzle orifice shall have
' been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire 'stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No O Meets Intent (See Justification)
Discussion: The fire test satisfies the review criteria. The first hose
stream test satisfies IEEE 634-1978 and the third hose stream test
satisfies ASTM 814-83.

Justification: Not Applicable

0. The ambient air temperature at the beginning of the test shall have
‘ _ been within the range of 50°F to 90°F, and the velocity of air
» ' v across the unexposed surface of the sample shall not exceed 4.4

ft/sec. (ASTM E-814-83 and IEEE 634-1978)
O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The ambient temperature on the unexposed surface of the
specimen for this test is assumed to be 72°F.

Justification: This value is based on the "Unexposed Temperature
Readings" table located in Appendix B of the fire test report, which
lists the temperature at time 0:00 as 72°F for several
thermocouples. Use of the lowest recorded ambient temperature
results in the most conservative limiting endpoint temperatures. As
for the velocity of air across the unexposed surface of the test
specimen, this test was performed at Construction Technology
Laboratories (CTL) in Skokie, lllinois. Because of the limited
description of this facility provided in the test report, it was
necessary to contact CTL to obtain sufficient information to
determine compliance with the WBN test requirements. Based on
‘ conversations with CTL personnel documented by Record of
Conversation 0006-00922-ROC-001 (Reference 7.29 ), the slab
furnace at CTL is located indoors at a conditioned ‘laboratory.
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Unexposed side air velocity within the test environment was not
significant, and although actual conditions were not recorded in the
test report, unexposed side laboratory conditions were not
expected to have adversely affected the test results. Based on this
information in conjunction with the information contained in the fire
test report, the intent of this review criteria has been satisfied by
the fire test.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: Since penetration 1 has no penetrahts, it is considered
a mechanical penetration and not subject to the requirements of
IEEE 634.

The fire endurance test was performed for the full three hour
duration. During the test penetrations € did not allow the passage
of flame, or smoke and gas hot enough to ignite the cable jacketing
or an other material on the unexposed side of the test assembly.
The unexposed side temperatures for penetrations 6 were below
the acceptance limit of 700°F and are summarized as follows:

Penetration 6: The seal surface thermocouple was TC#6 which
recorded a temperature of 126 °F. The highest cable jacket / seal
surface thermocouple was TC#7 which recorded a temperature of
179 °F.  The conduit/concrete interface thermocouple, TC#15,
which was the highest overall, recorded 256 °F.

Therefore, based on the temperatures summarized ab-ove, this test
is considered to satisfy the review criteria.

Justification: Not Applicable.
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Per ASTM E-814-83 requirements for an F rating, the assembly

- shall have withstood the fire endurance test without passage of

flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. ~ Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes O No 0 Meets Intent (See Justification)

Discussion:  Penetration 6 is an electrical penetration and
therefore it is not subject to the requirements of ASTM 814.

Penetration 1 successfully passed the fire endurance portion of the
test without the passage of flame through the penetration or
flaming on the unexposed side of the penetration for a duration of 3
hours (Reference “Synopsis” of the fire test report). Penetration 1
therefore achieved an F rating of 3 hours.

The limiting endpoint temperature is 387 °F (325 °F plus ambient)
(Reference checklist item “o" for discussion of ambient
temperature).  The maximum temperature achieved on the
unexposed surface thermocouple was 252 °F, which is well below
the limiting endpoint temperature.  Therefore, penetration 1
achieved a T rating of 3 hours. (Reference tables “Thermo-couple
Reference Chart” and “Unexposed Temp. Readings” in Appendix B
of the fire test report).

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to -
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and |EEE 634-1978)

& Yes O No O Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The synopsis
at the beginning of the fire test report states that no water projected
beyond the unexposed side of the test assembly during the three
hose stream tests.

- Justification: Not applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

U Yes -~ 0O No Meets Intent (See Justification)

Discussion:  For Penetration 6: The materials used in the
construction of Penetration 6, are Dow Corning 170 Elastomer and
Pittsburg Corning Temp-Mat damming material. The silicane
elastomer has a limiting oxygen index (LOI) of 43 and although not
tested the damming material is nearly all non-combustible. The fire
test satisfies the review criteria. Pittsburg Corning Temp-Mat
material, which was left in place during the test, was not tested for
flammability. See Record of Conversation 0006-00922-ROC- 004
(Reference 7.32)

Justification: Although, the Pittsburg Corning Temp-Mat was not
tested for its flame spread characteristics, the product is 9.6 %
noncombustible glass fiber and 0.4 % combustible starch lubricant.
Since the Temp- Mat is 99.6 % non-combustible, the fire test was
successful and the damming material used at WBN are fully
qualified, this condition does not prevent the use of this test to
bound WBN typical details.
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C.26 Fire Test CTP-1139

Fire Test Number: CTP-1139

Boot Seal with' Expansion Ring, 36" Diameter
Pipe Sleeve / 10" Diameter Pipe Penetrant,
August 5, 1987

Fire Test Title/Date: Three Hour Fire Qualification Test of Fire Rated

Fire Test Summary: This test report documents the results of a fire test
conducted on a test slab (7’ x 7 x 12" thick with an exposed area of 25
ft? ) containing a single 36" diameter steel lined opening centered in the
slab. Review of this fire test report will be to support WBN typical seal
details. A brief description of the configuration, (hereinafter refered to as
Penetration 1) is as follows:

Penetration 1 was a 36" diameter steel sleeve 16” long cast with 2
(nom.) of sleeve extending form both sides of the slab and
penetrated by a 10" diameter steel pipe mounted eccentric with the
sleeve. Seal material consisted of 14" depth of Kaowool blanket
and Keene grade 56493F031 Silicone impregnated fiberglass cloth
flexible boots on the exposed and unexposed sides of the slab.
The boots were assemblied using Dow Corning 96-081 Silicone
RTV Adhesive/Sealant and steel bands.

a. The temperature fixed by the standard time-temperature curve

(defined by Annex A1.of ASTM E-814-83 and Appendix A1 of IEEE

634-1978) shall be deemed to be the average furnace temperature

obtained from the readings of furnace thermocouples. Per ASTM

E-814-83, use a minimum of three thermocouples, with not fewer

than five thermocouples per 100 ft? of floor surface, and not fewer

than nine thermocouples per 100 ft* of wall surface. Per IEEE 634-

1978, use not less than three thermocouples for each cable

penetration fire stop. For both standards, the exposed length of

the pyrometer tube and thermocouple in the furnace chamber shall

not be less than 12 inches. The junction of the thermocouples

shall be placed 12 inches away from the exposed face of the

sample for floors and 6 inches for walls, and shall not touch the

: sample during the test as a result of deflection. (ASTM E-814-83,
‘ as described above and IEEE 634-1978, as described above)

Yes 0 No O Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1139 indicates that the fire test is controlled according
to the standard timeftemperature curve, as indicated by the
average temperature obtained from the readingsof four
thermocouples symmeterically located across the face of the
specimen, 12" away (Reference “Test Procedure”, page 2 of the
test report).

Justification: Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |IEEE 634-1978) ' '

& Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1139 contains a time-temperature graph which
presents furnace temperature as a plot of the average of four
furnace thermocouple readings versus time. The test report also
includes a table listing discrete thermocouple readings from which
the continuous plot was generated. The table shows that furnace
temperatures were taken at five minute intervals during the entire
180 minutes of the test (reference “Appendix C”, of the test report).

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |IEEE 634-1978)

Yes O No 0 Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The area

under the furnace time-temperature curve was calculated to be

within 1.544% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test CTP-1139).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocoupies. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above) ' ' '

Yes 0 No [0 Meets Intent (See Justification)
Discussion: The fire tests satisfies the review criteria. Per the
Test Procedure section of the fire test, thermocouples were
covered with pads which meet the requirements of the review
criteria (Reference “Test Procedure”, page 2 of the test report).
Justification: Not Applicable.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

- 1. On the unexposed surface of the penetration seal assembly.

At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches

above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.
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IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test report satisifies the review criteria. Per
the Test Procedure section of the fire test and as located in Figure
5. the thermocouple requirements of this review item are satisfied
(Reference “Test Procedure’, page 3 and Figure 5 of the test
report).. -

ustification: Not applicable

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Yes O No [ Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1139 contains discrete thermocouple reading from the
unexposed surface of the test specimen. These readings were
recorded every five minutes for the entire 180 minute duration of
the fire exposure (Reference “Appendix C" of the test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
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(ASTM E-814-83, as descfibed above and IEEE 634-1978, as
described above) '

Yes [l No 3 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Observations
of significant details are contained in the Test Resuits section of
the test report (Reference “Test Results”,on page 4 of the test
report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For -
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
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‘ which are tested in the floor-ceiling position qualify the cable
' penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that the test may be used to
support typical seal detail configuration.

The proce.ss of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Appliéable

‘ } Per ASTM E-814-83 requirements, through-penetrating items shall
» be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

B Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  The
penetrating pipe for penetration 1 extended 1' minimum on the
exposed side of the slab and 3' minimum on the unexposed side
(Reference “Test Assembly”, page 4 and Figure 1 of the test
report).

Justification: Not Applicable

.-; K. The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
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' , for a period equal to that for which classification is desnred (ASTM
i E-814-83 and IEEE 634-1978) |

Yes J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  As
referenced in the Test Procedure section of the test report, the
desired classification is for a three hour rating. Based on the Test

" Result section of the test report, the test specimen was exposed to
the ASTM E-119 time/temperature curve for a three hour period
and that the fire did not penetrate the test specimen nor did flaming
occur on the unexposed side as a result of heat conduction
(Reference “Test Procedure”, page 3 and “Test Results”, page 3 of
the test report).

Justification: Not Applicable

. The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced

‘ fire exposure period (ASTM E-814-83).
Yes 1 No 0 Meets Intent (See Justification)

| Discussion: The fire test satisfies the review criteria. Per the Test
Results section of the fire test, immediately following the fire
’ endurance test, the specimen was subjected to three successive
hose stream tests (Reference “Test Results”, page 5 of the test
report).

Justification: Not Applicable

m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
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Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft’ (m?) of
(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0(32)
less than 480 min .
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min '
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if . 30 (210) ’ 0.6 (6)
desired ‘

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

& Yes ] No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Page 5 of
Fire Test Report CTP-1139 documents that the test specimen was
subjected to three successive hose stream tests. These tests were
performed in the order described on pages 3 & 4 of the Hose
Stream Test section of the test report. The third hose stream
applied satisfies the review criteria under ASTM E-814-83.
According to Fire Test Report CTP-1139 the hose stream tests
were applied to an exposed surface area of 25 sq. ft. for a duration
of 37.5 seconds. Based on Table 1 above, this is also the required
ASTM E-814-83 duration: '

25ft* X 1.5sec/ft= 37.5sec.

Justification: Not Applicable




Engineering Report: 0006-00922-02 Appendix C

Revision: 0

Page C330 of C388

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes O No OO0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The
applicable hose stream test was as required per ASTM E-814-83
and per the Test Results section of the test report the hose stream
was directed from 20 feet away (Reference “Test Results”, page 5
of the test report).

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

0 Yes ] No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient
air temperature at the beginning of -Fire Test CTP-1139 was not
specifically stated in the test report, therefore the lowest initial
exposed surface thermocouple temperature of 81°F will be utilized,
thereby yielding a conservative end point temperature of 406°F
(325°F +81°F) This temperature is within the specified range and
is thereby acceptable. As for the velocity of air across the
unexposed surface of the test specimen, this test was conducted at
the SwRI fire test facility using SwRI's small-scale horizontal
furnace and through photographic record found in Appendix B of
the test report, it is apparent that the test was conducted within a
structure (Reference "Appendix B and Appendix C of the test
report).
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Justification: Not Applicable.

Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes J No O Meets Intent (See Justification)

‘Discussion: Not Applicable. Since Penetration 1 was a mechanical

penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83

requirements for a T rating, the penetration must have successfully

satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes [0 No [ Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration 1
acheived a 3 hour F rating, as no passage of flame or flaming
occurred during the test duration. (Reference “Test Results”, page
4 of the test report).

The maximum temperature achieved by a surface thermocouple on
the unexposed seal surface will be-taken from thermocouple F-1 at
180 minutes which was 332°F. Based on the discussion in the
Test Results section of the test report concerning the moving of
thermocouple wiring for F-1 and F-5. It is reasonable to use
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temperature readings from the said thermocouples recorded after
the readings had begun to increase after steadily decreasing
temperatures had ceased. The three other surface thermocouples
were placed further from the penetrant and consequently did not
see temperatures over 199°F. Penetration 1 therefore acheived a
T rating of 3 hours. (Reference “Test Results”, on page 4 and
“Appendix C” of the test report).

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and |EEE 634-1 978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Test
Results section of the fire test report states that the penetration
seal was not penetrated by any of the hose streams. (Reference
“Test Results”, page 5 of the test report).

Justification: Not Applicable

Per |EEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: Not Applicable. Since Penetration 1was a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable
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Fire Test CTP-1142

Fire Test Number: CTP-1142

Fire Test Title/Date: Three Hour Fire Qualification Test of Six (6) Inch
* Depth LDSE w/ Aluminum and Steel Penetrants
(XLPE/PVC Cable), August 5, 1987

Fire Test Summary: This test report documents the results of a fire test
conducted on a test slab (7’ x 7' x 12" thick with an exposed area of 25 ft?)
containing a single 48" X 48" blockout, steel lined on two sides, centered
in the slab. The blockout contained 12 penetrants and 2 seal repairs and
was sealed with a 6 inch depth of LDSE with no damming. This test

review specifically addresses only the 6" LDSE seal around the conduit '

penetrant containing penetration seal 1142:11. Review of this fire test
report will be to support WBN typical seal details which are comprised of
6" of silicone elastomer (either Dow Corning Sylgard 170 or GE RTV
6428). A brief description of the configuration, (hereinafter refered to as
Penetration 1) is as follows:

Penetration 1142.11 was 6" diameter steel conduit containg 25% cable fill
installed in the 48" x 48" blockout. The blockout seal material consisted
of 6" of LDSE with no damming. The 6" conduit had an internal seal with
4" of LDSE and 1" of damming. The internal conduit seal was installed
above the plane of the barrier on the unexposed side of the penetration.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft* of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)
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Yes U No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1142 indicates that the fire test is controlled according
to the standard time/temperature curve, as indicated by the
average temperature obtained from the readings of four
thermocouples symmeterically located across the face of the
specimen, 12" away (reference “Test Procedure”, page 3 of the test
report).

Justification: Not Applicable

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

Yes O No O] Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1142 contains a time-temperature graph which
presents furnace temperature as a plot of the average of four
furnace thermocouple readings versus time. The test report also
includes a table listing discrete thermocouple readings from which
the continuous plot was generated. The table shows that furnace
temperatures were taken at five minute intervals during the entire
180 minutes of the test (reference “Appendix C”, of the test report).

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes 0 No (0 Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 3.028% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test CTP-1142).

Justification: Not Applicable

d. ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and |EEE 634-1978, as described
above) '

Yes J No - [ Meets Intent (See Justification)

Discussion: The fire tests satisfies the review criteria. Per the
Test Procedure section of the fire test, thermocouples were
covered with pads which meet the requirements of the review
criteria (Reference “Test Procedure”, page 3 of the test report).

Justification: Not Applicable.

e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.
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IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

Yes O No O Meets Intent (See Justification)

Discussion: The fire test report satisifies the review criteria. Per
the Test Procedure section of the fire test and as located in
Figures 12 and 13, the thermocouple requirements of this review
item for the 6" steel conduit are satisfied (reference “Test
Procedure”, page 3 and Figures 12 and 13 of the test report).

Justification: Not applicable

f. Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

Xl Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Fire Test
Report CTP-1142 contains discrete thermocouple reading from the
unexposed surface of the test specimen. These readings were
recorded every five minutes for the entire 180 minute duration of
the fire exposure (Reference “Appendix C” of the test report).

Justification: Not Applicable

a. Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.




Engineering Report: 0006-00922-02 Appendix C
Revision: 0 Page C337 of C388

(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Observations
of significant details are contained in the Test Results section of
the test report (Reference “Test Results”,on page S of the test
report).

Justification: Not Applicable

~ h. Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of

the furnace exposure from the prescribed, where it will affect the -

classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes 0 No [ Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable

I ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a

~ minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration

fire stop shall be tested as a complete system. The raceway '

mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
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which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that the test may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
“truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The 6"
conduit containing penetration seal 1142.11 extended 1' minimum
on the exposed side of the slab and 3' minimum on the unexposed
side (Reference “Test Assembly”, page 4 and Figure 1 of the test
report).

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
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for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. As

‘referenced in the Test Procedure section of the test report, the

desired classification is for a three hour rating. Based on the Test
Result section of the test report, the test specimen was exposed to
the ASTM E-119 time/temperature curve for a three hour period
and fire did not penetrate the test specimen nor did flaming occur
on the unexposed side as a result of heat conduction (Reference
“Test Procedure’, page 3 and “Test Results”, page 5 of the test
report).

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Per the Test
Results section of the fire test, immediately following the fire
endurance test, the specimen was subjected to three successive
hose stream tests (Reference “Test Results’, page 6 of the test
report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1. :
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Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft* (m?) of
, (kPa) Exposed Area
240 minutes and over if 45 (310) - 3.0 (32)
less than 480 min
120 min and over if 30 (210) 1.5(16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than 90 min .
less than 60 min if 30 (210) 0.6 (6)
- desired

‘For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch

hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall te used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
|EEE 634-1978, as described above)

Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Page 6 of
Fire Test Report CTP-1139 documents that the test specimen was
subjected to three successive hose stream tests. These tests were

‘performed in the order described on pages 4 & 5 of the Hose

Stream Test section of the test report. The third hose stream
applied satisfies the review criteria under ASTM E-814-83.
According to Fire Test Report CTP-1142 the hose stream tests

were applied to an exposed surface area of 16 sq. ft. for a duration

of 37.5 seconds. Based on Table 1 above, this exceeds the
required ASTM E-814-83 duration:

161> X 1.5sec/ftt = 24 sec.

Justification: Not Applicable
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Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) :

B Yes [ No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  The
applicable hose stream test was as required per ASTM E-814-83
and per the Test Results section of the test report the hose stream
was directed from 20 feet away (Reference “Test Results”, page 6
of the test report).

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have

been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

0] Yes O No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient
air temperature at the beginning of Fire Test CTP-1142 was not
specifically stated in the test report, therefore the lowest initial
exposed surface thermocouple temperature of 84°F will be utilized,
thereby yielding a conservative end point temperature of 409°F
(325°F +84°F) This temperature is within the specified range and
is therefore acceptable. As for the velocity of air across the
unexposed surface of the test specimen, this test was conducted at
the SwRI fire test facility using SwRI's small-scale horizontal
furnace and through photographic record found in Appendix B of
the test report, it is apparent that the test was conducted within a
structure (Reference “Appendix B" and "Appendix C" of the test
report).
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e

Justification: Not Applicable.

Per IEEE 634-1978 requirements, the assembly shall have
withstood ‘the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for .
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: Not Applicable. Since Penetration 1 was a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83) - '

Yes ~ 0O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The LDSE
seal within the 48" x 48" blockout acheived a 3 hour F rating, as no
passage of flame or flaming occurred during the test duration.
(Reference “Test Results”, page 6 of the test report).

The maximum temperature achieved by a surface thermocouple on
the unexposed seal surface within 1 inch of the 6"conduit was
taken from thermocouple F-14 at 150 minutes which was 365°F.
Two other surface thermocouples were placed further from the
penetrant but within 1" of other penetrants did not see
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temperatures over 345°F. The 6" LDSE seal with respect to the 6"
condiut penetrant therefore is considered to have acheived a T
rating of 3 hours. (Reference “Test Results” and "Conclusions”, on
page 6 and “Appendix C" of the test report). - '

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes O No OO Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Test
Results section of the fire test report states that the penetration
seal was not penetrated by any of the hose streams. (Reference
“Test Results”, page 6 of the test report).

Justification: Not Applicable

Per |IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes 1 No O Meets Intent (See Justification)

Discussion: Not Applicable. Since Penetration 1was a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable‘
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C.28

Fire Test 748-49

Fire Test Number: 748-49

Fire Test Title/Date: Fire Test Configuration for a Three Hour Rated Fire
Seal Utilizing BISCO SF-20 where; a Steel Sleeve Condition with Pipe
Penetrant Exists, Dated: July 9, 1981.

Fire Test Summary: This test report documents the results of a fire test
conducted on two (2) penetration seal configurations installed in a single
test slab. The review of this fire test report includes a single penetration
seal configuration required to support WBN typical seal details.
Specifically, the penetration seal configuration identified as penetration 2.
A brief description of the configuration is as follows:

Penetration 2 was a 12 inch diameter sleeved opening penetrated by an 8
inch diameter steel pipe which was capped on the exposed side of the
penetration and filled with ceramic fiber to simulate a continuous pipe run.
Seal material consisted of a 12 inch depth of Dow Corning 3-6548
Silicone Foam injected into the penetration flush with the exposed and
unexposed side of the test slab.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft* of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

O Yes 0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The test report states that the furnace temperature was measured
by three thermocouples and monitored throughout the test.
(Reference section "Fire Test",of the test report).
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Justification: The furnace used to perform this fire test was the
slab furnace at Construction Technology Laboratories (CTL) in
Skokie, lllinois. Because of the limited description of this furnace
provided in the test report, credit is taken for the qualifications of
the testing facility Construction Technology Laboratories (CTL) in
Skokie, lllinois. There is reasonable assurance that the furance
and facility utilizied were the same as documented by Record of
Conversation 0006-00922-ROC-001 (Reference 7.29), the slab
furnace at CTL is described as a down draft type furnace with
interior dimensions of approximately 36" x 36". Temperatures
within the furnace are generally monitored by three (3)
thermocouples located 12" .from the test slab. The furnace is
heated by three (3) burners, and due to small area of the test
furnace, conditions across the exposure area of the test furnace

~ are expected to have been consistent. Internal tests performed by

CTL substantiate that there was a uniform heat flux across the
exposed test slab within the furnace. Based on this information in
conjunction with the information contained in the fire test report, the
intent of this review criteria has been satisfied by the fire test.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

[J Yes 0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria..
The fire test report states that the fire exposure followed the

'standard time/temperature relationship as described in ASTM E-
119 (Reference “Fire Test’, in the test report).

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, lllinois.
Because of the limited information with respect to thermocouple
readings provided in the test report information to determine
compliance with the WBN test requirements, it is necessary to take
credit for the qualifications of the testing facility Construction
Technology Laboratories (CTL) in Skokie, lllinois. Based on other
fire tests reviewed in this report which were performed by the (CTL)
facility there is reasonable assurance that the requirements of the
review criteria were met.
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The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and |IEEE 634-1978) ‘

O Yes [ No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The fire test report states that the fire exposure followed the
standard time/temperature relationship as described in ASTM E-
119 (Reference “Fire Test”, in the test report).

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, lllinois.
Because of the limited information with respect to thermocouple
readings provided in the test report information to determine
compliance with the WBN test requirements, it is necessary to take
credit for the qualifications of the testing facility Construction
Technology Laboratories (CTL) in Skokie, lllinois. Based on other
fire tests reviewed in this report which were performed by the (CTL)
facility there is reasonable assurance that the requirements of the
review criteria were met.

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. "IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

O Yes [0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The fire test report states that the fire exposure followed the
standard time/temperature relationship as described in ASTM E-
119 (Reference “Fire Test”, in the test report).
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Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, llinois.
Because of the limited information with respect to thermocoupie
pads provided in the test report information to determine
compliance with the WBN test requirements, it is necessary to take
credit for the qualifications of the testing facility Construction
Technology Laboratories (CTL) in Skokie, Hlinois. Based on other
fire tests reviewed in this report which were performed by the (CTL)
facility there is reasonable assurance that the requirements of the
review criteria were met. '

e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

)

On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal. '
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken

at a minimum of three points on the. fire stop surface, which shall

include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than

the insulated cable conductor, and 3) the surface of the fire stop

material.

(] Yes [] No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 2 each had five thermocouples located on the
unexposed surface of the penetration seal assembly pursuant to
ASTM E-119 and |EEE 634-1978 requirements (Reference "Fire
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‘ Test’, section, Table 01 and (CTL) correspondance #CR-4802-
4324 of the test report).

Justification: Penetration 2 satisfies the ASTM E814 requirement to
have three thermocouples record unexposed side surface
temperatures. However, the requirement to have one
thermocouple placed approximately 1 to 3. inches above the
unexposed side surface of the penetration seal is not adequately
stated. Although a thermocouple placement is not specifically
described on the pipe penetrant, the thermocouple data provided is
considered adequate to meet the intent of the review criteria. This
is based on the fact that only the temperature readings from the
thermocouples located on the surface of the seal material are
considered when determining acceptance of a penetration seal
assembly based on limiting endpoint temperature (Refer to

checklist item "q"). '

f. Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more

‘ frequently. (ASTM E-814-83 and IEEE 634-1978)

O Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria. The
fire test report states that the fire exposure followed the standard
time/temperature relationship as described in ASTM E-119
(Reference “Fire Test”, in the test report).

Justification: The facility used to perform this fire test was
Construction Technology Laboratories (CTL) in Skokie, Illinois.
Because of the limited information with respect to thermocouple

- readings provided in the test report information to determine
compliance with the WBN test requirements, it is necessary to take
credit for the qualifications of the testing facility Construction
Technology Laboratories (CTL) in Skokie, lllinois. Based on other
fire tests reviewed in this report which were performed by the (CTL)
facility there is reasonable assurance that the requnrements of the
review criteria were met.

‘ g. Per ASTM E-814-83 requirements, reports shall include
o observations of significant details of the behavior of the material or
) ' construction during the test and after the furnace is cut off,
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including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE ©634-1978, as
described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Fire Test
and Summary & Findings sections of the test report include
observations of the test assembly during and after the fire test and
after the hose stream test. '

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard is expected to be within
acceptable tolerances based on checklist item “c” above, therefore
this checklist item is not applicable. '

Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete sysiem. The raceway
mounting and anchoring to the fire stop assembly, the cable
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‘arrangement, including attachment to raceway and the raceway fill,

shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes 1 No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing

through the penetration shall protrude 3 to 5 ft. on the unexposed

side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above).

Yes O No [0 Meets Intent (See Justification)-

Discussion: The fire test satisfies the review criteria.  All
penetrating items extended 1' minimum on the exposed side of the
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slab and 3' minimum on the unexposed side. (Reference
"Fabrication of Test Assembly ", of the fire test report)

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

Yes ] No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Sumary
& Findings of the fire test report indicates that the tested
configuration was exposed to a 3 hour fire test and that the fire did
not penetrate the seal material nor did flaming occur on the
unexposed side as a result of heat conduction. Therefore, the test
specimen is considered to have withstood the fire test conditions
without failure. °

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.

(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may

be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Summary
& Findings of the fire test states that immediately after the fire test,
the test assembly was removed from the furnace and subjected to
a hose stream test.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
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' without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1. '

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft* (m?) of
(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0(32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than S0 min
less than 60 min if 30 (210) ' 0.6 (6)
desired
‘ For cable penetration fire stops, per |IEEE 634-1978, a 1-1/2 inch
. ' hose discharging through a nozzle approved for use on fires in

electrical equipment, producing a long-range-narrow angle (30-80°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
‘ ' pressure shall be 75 psi, calculated, at the base of the nozzle and
' minimum flow of 75 gpm with a duration of application of 2 1/2 min.
| per 100 ft? of test slab. (ASTM E-814-83, as described above and
| " IEEE 634-1978, as described above)

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The test was
subjected to a hose stream applied for a 12 second duration using
a standard playpipe with a 1-1/8 diameter tip discharging a solid
stream of water at a pressure of 30 psi at the base of the nozzle, at
a distance of 20" from the test specimen as required by ASTM E-
119. The hose stream satisfies the review criteria based on the
test region. '

Justification: Not Applicable

.
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Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

Yes [0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The hose
stream test applied to the test specimen used a standard playpipe
with a 1-1/8 diameter tip discharging a solid stream of water at a
pressure of 30 psi at the base of the nozzle. The nozzle was at a
distance of 20' from the test specimen and the test was for a
duration of 12 seconds.

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

J Yes O No Meets Intent (See Justification)
Discussion: See Justification
Justification: The facility used to perform this fire test was

Construction Technology Laboratories (CTL) in Skokie, lllinais.
Because of the limited information with respect to thermocouple

- readings and the facility provided in the test report information to

determine compliance with the WBN test requirements, it is
necessary to take credit for the qualifications of the testing facility
Construction Technology Laboratories (CTL) in Skokie, lllinois.
Based on other fire tests reviewed in this report which were
performed by the (CTL) facility there is reasonable assurance that
the requirements of the review criteria were met.
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Per |EEE 634-1978 requirements, the assembly shall have

withstood the fire endurance test without passage of flame or -

gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: Not Applicable. Since penetration 2 was a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly
shall’ have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

‘Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetration 2
successfully passed the fire endurance portion of the test without
passage of flame through the penetration or flaming on the
unexposed side of the penetration for a duration of 3 hours.
Additionally, penetration 2 successfully passed the fire endurance
portion of the test without transmission of sufficient heat to raise
the temperature on any unexposed surface thermocouple more
than 325°F above the lowest (most conservative) allowed initial
temperature for a duration of 3 hours. (Reference "Table 01" of the
fire test report). Penetration 2 therefore achieves an F rating of 3
hours.
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The maximum temperature achieved by any of the surface
thermocouples on penetration 2 was 369°F (Reference
"Thermocouple Reference Chart in Table 01" of the fire test report.
Penetration 2 therefore achieves a T rating of 3 hours. '

Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

Yes J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Summary
& Findings of the fire test report states that penetration 2
successfully passed the hose stream criteria of ASTM E-119.

\

Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes J No 0 Meets Intent (See Justification)

Discussion: Not Applicable. Since penetration 2 is a mechanical
penetration seal, IEEE 634 requirements do not apply.

Justification: Not Applicable
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C.29 Fire Test1CC0483010

Fire Test Number: 1CC0483010

Fire Test Title/Date: Fire and Hose Stream Tests for Penetration Seal
Systems, dated May 1983

Fire Test Summary: This test report documents the restlts of a fire test
conducted on 2 penetration seal configurations installed in a single test
slab.. A brief description of these configurations are as follows:

Penetration 1 is a 4" diameter cable bundle positioned inside a 4
diameter x 12" long Kellem Grip. The Kellem Grip contains the
following types of cables: 2/C-12 AWG 600V-EPR Hypolon CSPE,
4/C-16 AWG Rockbestos KLPE/NEO 600V, 2/C-16 AWG
Rockbestos KLPE/NEO 600V, 5/C-12 AWG 600V-EPR Hypolon
CSPE, and 063-12 AWG 600V-EPR/NEOQ/CPSE

Penetration 2 is a 3" diameter thermocouple cable. The bundle
' contains the following types of cables: BLW Boston 2621-1-002
‘ (1977) Code 141-300V KAP-KAP T.G. Type KX #20 AWG and
BLW Boston 2620-T002 (1980) Code 140-3000V KAP-KAP TX #20
AWG.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft? of floor surface, and not fewer
than nine thermocouples per 100 ft* of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for gach cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

‘ O Yes [J No Meets Intent (See Justification)
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Discussion: The fire test meets the intent of the review criteria.
The fire exposure followed the standard time/temperature
relationship given in ASTM E-118. Furnace temperature was
measured by 6 thermocouples located in the furnace and
monitored throughout the 3 hour fire test (Reference section "Fire
Test", page 10 of the test report).

Justification: ASTM E-119, the exposed length of the pyrometer
tube and thermocouple in the furnace chamber shall not be less
than 12 inches. The junction of the thermocouples shall be placed
12 inches away from the exposed face of the sample for floors and:
6 inches for walls, and shall not touch the sample during the test as
a result of deflection. The exposed length and placement of
furnace thermocouples is not described in the text of Fire Test
Report ICC0483010. However, credit is taken for the qualification
of the testing establishment (Construction Technologies
Laboratories). Therefore, based on the above discussion, there is
reasonable - assurance that the placement of furnace
thermocouples satisfy the requirements described in ASTM E-814-
83 and |IEEE 634-1978.

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and |EEE 634-1978) '

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report lists the
average furnace temperature every 5 minutes throughout the first 2
hours of the test and every 10 minutes thereafter. (Reference
Appendix B of the test report).

Justification: Not Applicable

The accuracy of the furnace control shall-be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
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temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test s'atisfies the review criteria. The area

~under the furnace time-temperature curve was calculated to be

within 0.078% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test ICC0483010). The fire test report
documents the temperature difference between the area under the
furnace time-temperature curve and the area under the standard
time-temperature curve at each reading interval (Reference
Appendix B of the fire test report).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and |EEE 634-1978, as described
above)

[J Yes J No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The fire exposure followed the standard time/temperature
relationship given in ASTM E-119 (Reference “Fire Test’, page 10
of the fire test report).

Justification: ASTM E-119 requires that the thermocouples be

- placed under flexible, dry, felted asbestos pads. This method of

attachment protects thermocouples from possible cooling effects of
unexposed side ambient air temperatures, (e.g., the influence of air
velocity across the unexposed side of the seal assembly). The
method of thermocouple attachment is not described in the text of
Fire Test Report ICC0483010. However, credit is taken for the
qualification of the testing establishment (Construction
Technologies Laboratories). Therefore, based on the above
discussion, the method of thermocouple attachment provides an
acceptable alternative to the method described in ASTM E-814-83
and IEEE 634-1978.
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e. For ASTM E-814-83 tests, unexposed side temperatures shall have

been measured at the following locations, as a minimum:

1. . On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly. '

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacketfire stop interface, 2) the interface
between the fire stop and through metallic components other than
the insulated cable conductor, and 3) the surface of the fire stop
material.

Yes O No [0 Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 2 used a total of 6 thermocouples for measuring
temperature of the unexposed surface of the seal material, cable
and seal interface, and seal and concrete surface interface
(Reference “Instrumentation’, page 9 of the test report).

Justification: Not Applicable

Temperature readings‘shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and |EEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
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specimen thermocouple temperatures every 5 minutes throughout
the first 2 hours of the test and every 10 minutes thereafter
(Reference Appendix B of the test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of

smoke. Per IEEE-634 requirements, data shall be provided as

necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) ‘

Yes O No [0 Meets intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix B of
the test report includes a section entitied "Test Comments” in
which observations of the test assembly were documented during
and after the fire test and after the hose stream test (Reference
Appendix B - "Test Comments").

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore this
checklist item is not applicable.

Justification: Not Applicable
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ASTM E-814-83 req/uires that the test specimen shall be actual
size and truly representative of the fire stop for which classification

is desired. Furthermore, the periphery of the fire stop shall not be

closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire' stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
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simulate continuous cables in an actual installation. (ASTM E-814-

83, as described above and IEEE 634-1978, as described above)
Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  All
penetrating items extended 1' minimum on the exposed side of the
slab and 3' minimum on the unexposed side. (Reference "Test
Assembly”, page 2 of the fire test report).

Justification: Not Applicable

The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and |IEEE 634-1978) '

[ Yes O No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test report indicates that the specimen was exposed to a
3 hour fire test and that the fire not penetrate any penetration nor
did flaming occur on the unexposed side as a result of heat
conduction. Therefore, the test specimen is considered to have
withstood the fire test conditions without failure (Reference
“Synopsis”, page 1 of the test report).

Justification: Not Applicable

The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83). '

Yes O No 0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test states that immediately after the fire test, the test
assembly was removed from the furnace and subjected to three

hose stream tests.

Justification: Not Applicable
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m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
Table 1 - Conditions for Hose Stream Test
Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi | Seconds per ft? (m?) of
(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0(32)
less than 480 min
120 min and over if 30 (210) _ 1.5 (16)
less than 240 min ' '
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than 90 min :
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft? of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes J No O Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The test specimen was subjected to three hose streams in all, each
applied for 14 seconds. The first was through a 1-1/2" diameter
hose with a nozzle set at a 30° angle The discharge was at a rate
of 75 gpm and a distance of 10'. The second was through a 1-1/2"
diameter hose with a nozzle set at a 15° angle. The discharge was
at a rate of 75 gpm and a distance of 10'. The third hose-stream
was through a 1-1/8" Standard Playpipe discharging a solid stream




Engineering Report: 0006-00922-02 Appendix C

Revision: 0

Page C364 of C388

at a pressure of 30 psi, at a distance of 20 ft. The first hose stream
test satisfies the review criteria as it applies to both penetration 1
and 2. ‘

Justification: Not Applicable

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) ' S '

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The first hose
stream test applied to the test specimen was through a 1-1/2
diameter hose with a nozzle set at a 30° angle. The discharge was
at a rate of 75 gpm and at a distance of 10’ for 14 seconds.

Justification: Not Applicable

The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air
across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and IEEE 634-1978)

O Yes 0 No Meets Intent (See Justification)
Discussion: The fire test meets the intent of the review criteria.

The ambient temperature on the unexposed surface of the
specimen for this test is assumed to be 72°F.

Justification: This value is based on the "Unexposed Temperature
Readings" table located in Appendix B of the fire test report, which
lists the lowest temperature at time 0:00 as 72°F. Use of the
lowest recorded ambient temperature results in the most
conservative limiting endpoint temperatures. As for the velocity of
air across the unexposed surface of the test specimen, reference
7.29 of this Engineering Report.
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Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

'O Yes 0 No Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Penetrations 1
and 2 successfully passed the fire endurance portion of the test
without passage of flame or gases hot enough to ignite the cable or
other fire stop material on the unexposed side of the penetration
for a duration of 3 hours (Reference “Synopsis”, page 1 of the fire
test report).

The maximum temperature achieved by any of the unexposed
surface thermocouples was 325°F on penetration 2 (thermocouple
#14) (Reference tables “Thermocouple Reference Chart” and
“Unexposed Temperature Readings” in Appendix B of the fire test
report). The limiting endpoint temperature of 700°F was not
exceeded.

Justification: Not Applicable

Per ASTM E-814-83 requirements for an F rating, the assembly

shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
on any unexposed surface thermocouple more than 325°F above
its initial temperature. (ASTM E-814-83)

Yes 0 No O Meets Intent (See Justification)

Discussion: Not Applicable. Since all penetrations were electrical
and therefore no subject to ASTM E-814 requirements..
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Justification: Not Applicable

The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

B Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The Synopsis
of the fire test report states that no water projected beyond the
unexposed side of reviewed seal assemblies during the three hose
stream tests.

Justification: Not Applicable

Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The materials -
used in the construction of the penetration seal specimen for this
fire test consisted of a 1” thick Carborundum Hotboard, and Dow
Corning 3-6548 RTV silicon foam, the silicone foam has a flame
spread rating of 15. Carborundum Hotboard is considered flame
resistant.

Justification: Not Applicable
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C.30

ICC1182009

Fire Test Number: 1CC1182009

Fire Test Title/Date: Fire and Hose Stream Tests for Penetration Seal
Systems, dated December 1982

Fire Test Summary: This test report documents the results of a fire test
conducted on 3 penetration seal configurations installed in a single test
slab. Because some of the penetration seal configurations covered by
this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration
seal configurations required to support WBN typical seal details.
Specifically, the penetration seal configurations of importance is

~penetration 2, this penetration is evaluated as a 2 hour configuration. A

brief description of this configurations is as follows:

Penetration 2 was a 28"x8" steel lined blockout in a 4’ x4' x 1’ thick
concrete slab. The blockout was penetrated by one (1) 24"x6"
galvanized steel ladder back cable tray in contact with 2 sides of
blockout. 100% visual load consisting of 33% each of 350 MCM-
XHHW power cable, 14/2 XLP-Neoprene TC cable, and 16/2 TC
600V cable. A 2" deep x 1" wide angle was attached to the
concrete on the exposed side of the test slab. Seal material for the
penetration configuration consisted of a 1" thickness of
Carborundum Hotboard, and a 9" thickness of Dow Corning 3-6548
Silicone Foam.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex A1 of ASTM E-814-83 and Appendix A1 of IEEE
634-1978) shall be deemed to be the average furnace temperature

“obtained from the readings of furnace thermocouples. Per ASTM

E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft> of floor surface, and not fewer
than nine thermocouples per 100 ft? of wall surface. Per |IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)
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O Yes [d No @ Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The fire exposure followed the standard time/temperature
relationship given in ASTM E-119. Furnace temperature was
measured by 3 thermocouples located in -the furnace and
monitored throughout the 3 hour fire test (Reference section "Fire
Test", page 12 of the test report).

Justification:  ASTM E-119, the exposed length of the pyrometer
tube and thermocouple in the furnace chamber shall not be less
than 12 inches. The junction of the thermocouples shall be placed
12 inches away from the exposed face of the sample for floors and
6 inches for walls, and shall not touch the sample during the test as
a result of deflection. The exposed length and placement of
furnace thermocouples is not described in the text of Fire Test
Report ICC1182009. However, credit is taken for the qualification
of the testing establishment (Construction Technologies
Laboratories). Therefore, based on the above discussion, there is
reasonable assurance that the placement of furnace
thermocouples satisfy the requirements described in ASTM E-814-
83 and IEEE 634-1978. '

The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)

Yes ] No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report lists the
average furnace temperature every 5 minutes throughout the first 2
hours of the test and every 10 minutes thereafter. (Reference
Appendix B of the test report). :

Justification: Not Applicable

The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
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corresponding area under the standard time-temperature curve for

fire tests greater than 1 hour but no more than 2 hours in duration,.

and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

Yes 0 No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within 0.003% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix D of this
engineering report for fire test 1CC1182009). The fire test report
documents the temperature difference between the area under the
furnace time-temperature curve and the area under the standard
time-temperature curve at each reading interval (Reference
Appendix B of the fire test report).

Justification: Not Applicable

ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above) '

O Yes [J No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The fire exposure followed the standard time/temperature

~ relationship given in ASTM E-119 (Reference “Fire Test”, page 12
- of the fire test report). B ‘

Justification: ASTM E-119 requires that the thermocouples be
placed under flexible, dry, felted asbestos pads. This method of
attachment protects thermocouples from possible cooling effects of
unexposed side ambient air temperatures, (e.g., the influence of air
velocity across the unexposed side of the seal assembly). The
method of thermocouple attachment is not described in the text of
Fire Test Report ICC1182009. However, credit is taken for the
qualification of the testing establishment (Construction
Technologies Laboratories).  Therefore, based on the above
discussion, the method of thermocouple attachment provides an
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acceptable alternative to the method described in ASTM E-814-83
and IEEE 634-1978.

For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocoupie shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than ‘
the insulated cable conductor, and 3) the surface of the fire stop
material.

Yes 0 No [0 Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Penetration 2 used a total of 5 thermocouples for measuring

temperature of the unexposed surface of the seal material, tray and

seal interface, seal and metal interface, and cable and seal
interface (Reference “Instrumentation”, page 12 of the test report).

Justification: Not Applicable

Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 212°F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and |EEE 634-1978)

Yes O No (O Meets Intent (See Justification)
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Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the report listed
specimen thermocouple temperatures every 5 minutes throughout
the first 2 hours of the test and every 10 minutes thereafter
(Reference Appendix B of the test report).

Justification: Not Applicable

Per ASTM E-814-83 requirements, reports shall include
observations of significant details of the behavior of the material or
construction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or
its component parts, continuance of flaming, and production of
smoke. Per IEEE-634 requirements, data shall be provided as
necessary to document satisfactory compliance. Type test data
derived from tests shall be organized to present the results in an
orderly manner so as to be easily understood and located.
Specific types of data, as listed in the standard, shall be included.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above) ‘

X Yes J No [0 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Appendix B of
the test report includes a section entitled "Test Comments” in
which observations of the test assembly were documented during
and after the fire test and after the hose stream test (Reference
Appendix B - "Test Comments").

Justification: Not Applicable

Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation of
the furnace exposure from the prescribed, where it will affect the
classification. This shall be performed per section 11.2 of ASTM
E-814-83 only when furnace control was not in accordance with
checklist item c. above. (ASTM E-814-83)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace

exposure variation from the standard was acceptable therefore this
checklist item is not applicable.
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Justification: Not Applicable

ASTM E-814-83 requires that the test specimen shall be actual
size and truly representative of the fire stop for which classification
is desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shali be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative- of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

Yes O No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that they may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
“truly representative of the fire stop for which classification is
desired" is addressed in Section 3.0 of this report.

Justification: Not Applicable

Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978. the cable within the penetration or the raceway passing




Engineering Report: 0006-00922-02 Appendix C
Revision: 0 Page C373 of C388

through the penetration shall protrude 3 to 5 ft. on the unexposed
side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and |[EEE 634-1978, as described above)

Yes d No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria.  All
penetrating items extended 1' minimum on the exposed side of the
slab and 3' minimum on the unexposed side. (Reference "Test
Assembly"”, page 2 of the fire test report).

Justification: Not Applicable

K. The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

O Yes 0 No Meets Intent (See Justification)

Discussion: The synopsis of the fire test report indicates that the
specimen was exposed to a 3 hour fire test. A flamethrough
occurred on the unexposed surface of penetration 2 at 2 hr 55 min.
after start of test.. '

Justification: Penetration 2 is being qualified as a 2 hr seal,
therefore, the fire test satisfies the review criteria

I The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

Yes [J No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The synopsis
of the fire test states that immediately after the fire tesi, the test
assembly was removed from the furnace and subjected to three

hose stream tests. .

Justification: Not Applicable
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m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8
inch discharge tip of the standard taper smooth bore pattern
without shoulder at the orifice. The water pressure and duration
shall have been as prescribed in Table 1.
Table 1 - Conditions for Hose Stream Test
: Water Pressure at Base | Duration of Application
Resistance Period of Nozzle, psi Seconds per ft? (m?) of
: (kPa) Exposed Area
- 240 minutes and over if 45 (310) 3.0(32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min '
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired '

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-90°
set at 30° included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft* of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

Yes O No O Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The test specimen was subjected to three hose streams in all, each
applied for 14 seconds. The first was through a 1-1/2" diameter
hose with a nozzle set at a 30° angle The discharge was at a rate
of 75 gpm and a distance of 10". The second was through a 1-1/2"
diameter hose with a nozzle set at a 15° angle. The discharge,was
at a rate of 75 gpm and a distance of 10". The third hose-stream
was through a 1-1/8” Standard Playpipe discharging a solid stream
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at a pressure of 30 psi, at a distance of 20 ft. The first hose stream
test satisfies the review criteria as it applies to penetration 2.

Justification: Not Applicable

Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have ‘been
less than 20 feet by an amount equal to 1 foot for each 10° of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634- 1978, as
described above)

Yes [ No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The first hose
stream test applied to the test specimen was through a 1-1/2
diameter hose with a nozzle set at a 30° angle. The discharge was
at a rate of 75 gpm and at a distance of 10’ for 14 seconds

Justification: Not Applicable
The ambient air temperature at the beginning of the test shall have
been within the range of 50°F to 90°F, and the velocity of air

across the unexposed surface of the sample shall not exceed 4.4
ft/sec. (ASTM E-814-83 and |IEEE 634-1978)

[ Yes O No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
The ambient temperature. on the unexposed surface of the

" specimen for this test is assumed to be 76°F.

Justification: This value is based on the "Unexposed Temperature
Readings" table located in Appendix B of the fire test report, which
lists the lowest temperature at time 0:00 as 76°F. Use of the
lowest recorded ambient temperature resuits in the most
conservative limiting endpoint temperatures. As for the velocity of
air across the unexposed surface of the test specimen, reference
7.29 of the Engineering Report.
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Per |EEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 700°F or the auto-
ignition temperature of the outer cable covering, whichever is
lower. (IEEE 634-1978)

J Yes 0 No Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria. The
fire test indicates that there was no passage of flame or gases hot
enough to ignite the cable or other fire stop material on the
unexposed side of Penetration 2.

The maximum temperature achieved by the surface thermocouple
was 564°F on penetration 2 (thermocouple #5 ) (Reference tables
“Thermocouple Reference Chart” and “Unexposed Surface
Temperature” Appendix B of the test report). The limiting endpoint
temperature of 700F was not exceeded.

Justification: The fire test indicates a flamethrough of penetration 2
at 2 hr 55 min after the start of the fire test. The 700F on the
unexposed surface, was not exceeded. The desired classification
for penetration 2, is 2 hours. Therefore, the fire test satisfies the
review criteria

Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage. of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired.  Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the