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s .
TSI e a o Suite 1200
’ .:_‘::I_HL‘_L_EL\:R_ Manubacturers Hanover Plaza
MUTUAL . ) 1201 Market Street
—_—c Wilmington, DE 19501
LIMITED USA
.. ‘ TEL 302 H88- 3000
X FAX 302 38R 3007 ( Finance)
~ July 29, 1992 ’ FAX 302 38K - 3008 {fnsurance
Mr. Robert Bishop
Production Services Manager
Commonwealth Edison
1400 Opus Place
Downers Grove, IL 60515
RE: USE OF GROUT AS A FIRE SEAL
Dear Mr. Bishop:
| have received and reviewed your letter of July 8, 1992 along with DIT No. - ZI-
ARCH-0002 concerning the use of Masterflow 713 and 81 6 non-shrink grout.
Based on the material contained in the DIT package, NML agrees with the engineesing
judgement of Masterbuilders Inc. that Masterflow 713 and 816 non-shrir}k grout
possess the same characteristics of the masonry or concrete fire barrier when installed
to the full thickness of the barrier. :
Concurrent with a review of "Fire Resistance Ratings Of Re:inforced Concrete Walls"
( by the American Insurance Association, NML will accept Masterflow 713 an.d 816 as
’ a fire barrier seal material as long as the minimum thickness of the non-shrink grout
is as follows:
1 hour barrier requires 3 1/2" thickness
2 hour barrier requires 5" thickness
3 hour barrier requires 6" thickness
4 hour barrier requires 6 1/2" thickness
This acceptance will be generic for all six Commonwealth Edison Nuclear Stations.
... . Should you have any questions or need any additional information, please feel free to
e contact me.
Very iruly yours,
“ Wayne R. Sohlman
.Loss Control Representative-
Property
(5‘ cc: J. Pennock
3. Abel
{cloiaz”f

h:\home\dme\ws\00108 I11.2.G-130
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1.0 PURPOSE

The purpose of this analysis is to document the review of the Construction
Technology Laboratories (CTL) fire test report, “Fire and Hose Stream Tests of
Eight Penetration Seal System,” dated October 15, 1986 and verify that the
penetration seal configurations qualify for a specific fire rating when exposed to
the standard fire endurance test method. The original CTL test program was
intended to address penetration seals documented on drawings 12E-6508 and
12E-6508A for the Dresden Nuclear Plant and drawings 4E-6508 and 4E-6508A
for Quad Cities Nuclear Plant. In addition, the seal details were also used as
reference to the configurations used at Zion Station.

Although the resutts of this analysis will be applied to the seal details on Zion
Drawings 22E-0-3130, Sheet 1 in order to furnish a direct correlation to a
qualified fire test configuration for Details 1 through 10 the results can also be
applied to those similar details which are identified on the above referenced
drawings for Dresden and Quad Cities Plants.

Results of the fire test will be evaluated with respect to the acceptance criteria
prescribed in the test method and generally accepted industry standards. The
seal configuration will be evaluated with respect to the material composition,
penetration objects, fire withstand capability and integrity following hose stream
impact. N

This analysis also documents the development of design detail configurations
for ceramic fiber penetration seals that are qualified to maintain a 3 hr. fire
endurance rating. Each design detail will be based on the results of the fire
tested penetration seal assemblies contained within the test. The critical
characteristic for each seal configuration were evaluated in order to establish
the bounding parameters for:

- Seal Material Composition

. Opening Dimensions

. Seal Thickness

. Penetrant Types and Sizes

. Distance Between Multiple Penetrants
. Seal Orientation (wall/floor)

20 DI 10N

2.1 Background

The review of Zion Plants electrical cable penetration seal drawing 22E-
0-3130, Sheet 1 identified that specific seal configuration parameters .
were not detailed on this drawing to facilitate consistent seal installation

ABB Impell Report Revision 0
No. 597-341-001 Page 4 September, 1992 111.2.G-135
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practices. Therefore, a review of existing qualified fire tested seal
_configurations were performed to provide required parameters.

As part of this process, Zion Plants licensing documents were also
reviewed te-identify the historical background of commitments made
between CECo and the NRC. This historical review identified the
following:

On March 10, 1978 the NRC issued Zion Fire Protection Safety
Evaluation Report (SER) for Units 1 and 2. Section 4.9 indicates: “The
licensee will conduct tests of typical electrical penetration seals to
determine their fire resistance rating. A procedure for the test program
will be submitted for staff review prior to testing.”

On April 14, 1978 CECo issued its proposed test procedure to the NRC
for review. On May 26, 1878 the NRC replied, stating the proposed test
program was acceptable, but recommended several items which should
be included in the test procedure, such as a hose stream test.

CECo made arrangements with the U.S. Gypsum Company to use their
test center located in Des Plaines, IL for the conduct of the fire tests.
Some of the NRC's recommendations were incorporated into the test
plan however other< were not, due to limitations with the test facilities
and the test slab.

Some of the NRC recommended procedures not included were the fack
of performing a hose stream test, and a fire test for a cellular concrete
seal detail. On June 19, 1978 several floor penetrations installed in a
test slab were subjected to a 3-hour fire endurance test. The fire test
report prepared by the Consuiting Engineers Group, dated July 27, 1978
documented the test results and were submitted to the NRC on
September 28, 1978. The NRC reviewed the results and stated in the
Fire Protection Program Safety Evaluation Repon, Section 3.2, dated
January 28, 1980 the following:

~We have reviewed the test procedure and resutts. Our

consultant has witnessed the fire barrier test conducted at

the U.S. Gypsum facilty. We find that the cable

penetration fire barriers seals constructed in accordance
- with those test are acceptabls.”

In review of this correspondsnce, the NRC had determined that the fire
tests performed on June 1S, 1978 were acceptable. Further to this, the
subsequent guidelines contained in Generic Letter 86-10 also stipulated
that previously approved features would be acceptable in satisfying
Appendix R requirements. The CTL test results however, clearly

ABB Impell Report Revision 0
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enhance the seal configuration parameter requirements and therefore
_provide the basis for the seal details discussed in this document.

2.2 Fire Test Review

The Fire Endurance and Hose Stream Tests (Ref. 1) consisted ofa
horizontal slab with eight (8) distinct blockout configurations. The test
method utilized the following guidelines and pass/fail criteria:

The fire exposure, hose stream tests and thermocouple locations
were based on |EEE 634-1978, *Cable Penetration Fire Stop
Qualification Test.”

Acceptance criteria regarding the passage of lame or hot gases,
unexposed side temperature, and the hose stream test were also
reviewed against the ASTM E-119 and NELPIA/MAERP (ANI)
guidelines.

Although the test method and acceptance criteria were based on several
guidance documents, i.e., ASTM, IEEE, and NELPIA, the qualification
criteria is generally consistent with established standards that have been
accepted by the nuclear industry and the NRC with minor exceptions.
The differences are discussed in detail in Section 4.0, Fire Test Analysis.

2.3 Design Detail Development

The design details contained in this calculation are based on the Fire
Endurance and Hose Stream Test (Ref. 1). This analysis examines the
critical characteristics associated with the tested configurations to
determine which seal features and parameters are necessary for
maintaining a 3 hr. fire rating. Table 1.0, provides a summary of the
eight configurations which were sxamined in the fire endurance and
hose stream test. In addition, the fire endurance of ceramic fiber in
building design has been investigated extensively as documented in the
Underwriters Laboratories (U.L) Building Materials Directory. In general,
ceramic fiber has demonstrated to be an effective material for fire rated ’
construction. Therefore, the design detail configurations contained in
this analysis are representative of typical electrical penetrations as
demonstrated by fire test results and generally accepted engineering
principles regarding the performance of ceramic fiber.

ABB Impell Report Revision 0 111.2.G-137
N~ £5Q7.241.N04 Paqe 6 September, 1992
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TABLE 1.0

No. 597-341-001

Page 7

Test/ Seal Material(s) Opening Penetrating
Configuration # and Thickness Dimensions Objects
Penetration #1 12" Cerafiber Bulk Ceramic 45" x 7° 32" x 6" Cable Tray
Fiber, 1/8" Vimasco Cable (315 in%) 40% Cable Fill
Coating and 4" Nelson CMP Fix
(both sides)
Penetration #2 10" Cerafiber Bulk Ceramic 33" x 8" 32" x 6" Cable Tray
Fiber, 1" Ceraboard and 1/8° (264 in’) 5% Cable Fill
Vimasco Cable Coating (both '
sides)
Penetration #3 12" Cerafiber Bulk Ceramic 33" x 8" 32" x 6" Cable Tray
Fiber, 1/8" Vimasco Cable (264 in?) 30% Cable Fill
Coating (both sides)
Penetration #4 12" Cerafiber Bulk Ceramic 33" x 8" 32" x 6" Cable Tray
Fiber, 1/8" Vimasco Cable (264 in%) 40% Cable Fill
Coating and 3" C.T. Gypsum
o (both sides)
aetration #5 12" Cerafiber Bulk Ceramic 33" x 8 32" x 6" Cable Tray
Fiber, 1/8" Vimasco Cable (264 in%) 40% Cable Fill
Coating (both sides)
Penetration #6 1/4" Flamastic 77, 3" Cerafiber 5" Conduit 5" Conduit
Bulk Ceramic Fiber, 4' G.E. 627 (19.6 in) 41% Cable Fill
Silicone Sealant and Ceramic '
Fiber Mix -
Penetration #7 4' Cerafiber Bulk Ceramic Fiber 5" Conduit 5" Conduit
and 1/8" G.E. RTV 133 Sealant (19.6 in?) 41% Cable Fill
(both ends)
Penetration #8 12" Cerafiber Bulk 5" Sleeve 32% Cable Fill
Ceramic Fiber (19.6 in%)
ABB Impell Report Revision 0

September, 1992 111.2.G-138
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3.0 ASSUMPTIONS

1. The intent of the fire test was to qualify the penetration seals for a 3 hr.
fire endurance. Seals which serve multi-purposes such as fire, fiood,
radiation, air/pressure boundary etc. were not within the scope of the
test or this evaluation.

2. The penetration seal materials were instalied in accordance with the
manufacturers instructions and all gaps and voids, including penetrants
and openings, were properly filled such that a minimum of 1/8° of seal
material exists between closely spaced objects.

3. The location and spacing of the penetrating objects in the fire test
reports are based on equi-distant spacing between multiple abjects (eg.,
cable tray to cable tray, and the seal edge) unless otherwise
documented by the actual dimensions listed in the test data.

4. The basis for ignitability temperatures of cable jacket insulation and
cotton waste materials were derived from |IEEE Standard 634-1978.

4.0 FIRE TEST ANALYSIS

The Fire Test Report includes a detailed description of the penetrating objects,
the seal configuration, and the seal materials.

The test method was based on standard fire test documents which were in
existence at the time the test was conducted in 1986. As noted previously,
IEEE 634 was utilized to establish the criteria for furnace temperature,
thermocouple locations and hose stream impingement.

In review of the ASTM and IEEE test criteria, it was noted that the number of
unexposed side thermocouples varies in both methods. ASTM requires
temperatures to be taken at nine (9) points, whereas, IEEE stipulates a
minimum of three (3) thermocouple points. The reason for the nine
thermocouples in ASTM is that this test method was developed primarily for
large fire rated assemblies such as walls, floors, roofs, etc., whereas IEEE was
written specifically for cable penetration fire stops.

The surface area of a penetration seal compared to the area of a wall or ceiling
is obviously much smaller therefore, the difference between the number of
thermocouples is relative to the size of the test specimen. It was also noted
that the larger penetration (eg., 45" x 77) did utilize 9-12 thermocouples for
recording unexposed side temperatures. Therefore, good engineering
judgement was employed in determining the number of temperature probes to
be used for the test. The IEEE guidance criteria regarding thermocouple -
placement was, therefore, appropriate for analyzing the cold side temperatures.

ABB Impell Report Revision 0
No. 597-341-001 Page 8 September, 1892 1.2.G-139
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The acceptance criteria, which followed the IEEE 634 guidelines, was also
compared to ASTM E-119 and NELPIA/MAERP criteria, and NRC guidelines.
The following chart illustrates the acceptance criteria from each test/guidance

document:
CRITERION 1 CRITERION 2 CRITERION 3
Seal Integrity Max. Cold Side Hose Stream
During Fire Temperature

NELPIA/MAERP No fire or flame
propagation to
unexposed side

325°F plus ambient

No opening occurs
in fire stop

ASTM E-119 No passags of 250°F above initial No passage of hose
flame or gases hot | temp. stream through seal
enough to ignite
cotton waste
(eg. 450°F)

IEEE 634 No passags of 700°F or self-ignition | No opening in fire
flame or gases hot | temp. of cable stop
enough to ignite the | jacket, fire stop, or
cable or fire stop any material in_
material contact with seal

NRC

(Appendix A to References ASTM E-119 criteria for general guidance

BTP 9.5-1)

(10CFR50 No passage of Max, temp. is Seal remains intact

Appendix R) -flame or ignition of sufficiently below with no projection of
cables on un- cable ignition temp. | water beyond
exposed side unexposed side

(GL 86-10) References NFPA 325°F Not specifically
251, Ch. 7 - no addressed
passage of flame or
gases hot enough
to ignite cotton
waste

(Information No bumn-through of | 325°F Seal remains intact -

Notice 88-04) seal nor hot gases with no projection of
sufficient to ignite water beyond
cotton waste unexposed surface
(eg. 450°F) ~ -

ABB impsll Report Revision 0
No. 597-341-001 Page 9 September, 1992 I11.2.G-140
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The acceptance criteria for the seal integrity during fire exposure is similar in
that no fire, flame, or burn-through of the seal is allowed. In addition, the
ASTM, IEEE, and NRC guidance documents also require that there shall be no
passage of hot gases sufficient enough to ignite cotton waste or the cable
insulation on the_unexposed side of the seal.

During the test, Construction Technology Laboratories (CTL) documented the
physical conditions on the unexposed surface and noted the specific instances
where fiame penetrated the seal or ignition of the cabling occurred. Smoke
was also observed coming from some of the penetrations and cabling,
however, this condition in itself was not considered a failure of the sealing
device. Temperatures recorded on the unexposed surface were utilized to
demonstrate that smoke or hot gases were not sufficient enough to ignite or
cause degradation of the cable insulation (.e., approx. 650°F).

In this analysis, Criterion 1 incorporated ASTM, IEEE, and NRC qualification
criteria for seal integrity and was based on:

No passage of flame, burn-through of seal, or ignition of cable insulation
on the unexposed side.

Smoke (i.e., hot gases) observed on the unexposed side of the seal was
not sufficient enough to ignite cable insulation (as also demonstrated by
cold side surface/penetrant intedface temperatures of less than 650°F).

In review of Criterion 2, (maximum cold side temperature), the IEEE 634 limit of
700°F is somewhat less restrictive than the ASTM and NRC limit of 250°F plus
ambient or 325°F maximum.

NRC Information Notice 88-04 states that "The cold-side temperature should
not exceed 250°F above ambient during the test or 325°F maximum, although
higher temperatures at through penetrations are permitted when justified in
terms of cable insulation ignitability.”

In order to demonstrate seal qualification ASTM/NRC guidelines, this analysis
is based on mesting a maximum unexposed side surface temperature of 325'F.
However, the higher temperature limits in the test report were evaluated on a
case by case basis to justify that the maximum recorded temperature was
sufficiently below the ignition temperature for each type of cable.

The final pass/fail criteria (Criterion 3) regarding hose stream testing, requires
that no opening occurs in the fire stop during hose stream impact. In addition,
this evaluation also incorporated ASTM and NRC guidance that stipulates that
there be no projection of water beyond the unexposed surface.

ABB Impell Report Revision 0
No. 597-341-001 Page 10 September, 1992 111.2.G-141
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Based on the discussion of the acceptance criteria outlined above, the
following Section describes the tested designs which successfully passed these
objectives as well as the designs which did not fully satisfy the qualification
criteria.

4.1 Penetration #1

Penetration #1 consisted of a 6" x 32" solid back cable tray with a 40%
cable fill installed in a 45" x 7" rectangular opening. A total of 13.98 Ibs.
of Johns-Manville Cerafiber was installed along the full length of the
penetration to provide an average density of 9 lb/ft’. The void area
created between the cable tray and the left-hand side of the penetration
(approximately 12" x 7°) had a 1 thickness of Ceraboard placed flush
with the unexposed and exposed surfaces of the concrete slab. After
installation of the Ceraboard, a 1/8" thick coating of Vimasco Cable
Coating 31 was applied with a 1° overlap all around the penetration
opening on both the unexposed and exposed sides of the penetration.
Additionally, a 4* Nelson CMP fix was installed in the cable tray area over
the Vimasco cable coating on both the unexposed and exposed sides of
the penetration.

For Penetration #1, the unexposed side temperatures were measured
using a total of eleven thermocouples. The highest temperature
readings on e unexposed surface occurred at 180 minu.cs when
thermocouples #49 and #50 both measured 172°F. Slightly higher
temperatures were measured at the interface between the penetrating
items and the unexposed surface of the seal. Thermocouple #48,
located at the cable tray/unexposed side interface, recorded the highest
temperature of the test which was 255°F at 180 minutes. In review of
the test data, it was noted that none of the unexposed side temperatures
exceeded the 325°F limit.

A review of the test results for Penetration #1 indicate the following:

- No passage of fiame occurred through the penetration during the
3 hr. fire test.

. Limiting end point temperatures, as defined by ASTM E-119, were
not exceeded during the 3 hr. fire test.

Therefore, this conﬁguratic;n is considered acceptable for withstanding
an ASTM E-119 3 hr. exposurs.

ABB Impell Report Revision 0
No. 597-341-001 page 11 September, 1992
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4.2 Penetration #2
Penetration #2 consisted of a 68" x 32" solid back cable tray with a 5%
cable fill installed in a 33" x 8" rectangular opening. A total of 13.24 Ibs.
of Cerafiberwas installed along the full length of the penetration to
provide an average density of 9 Ib/ft’. Ceraboard, 1" thick, was installed
on both the unexposed and exposed sides of the penetration.
Additionally, a 1/8" thick layer of Vimasco cable coating was applied to
the Ceraboard with a 1* overlap around the penetration opening on both
the unexposed and exposed sides of the penetration.

After seal material was allowed to cure, three repairs were installed. The
first repair was a 4" diameter hole drilled through the Vimasco coating
and Ceraboard on both the unexposed and exposed sides. The
Ceraboard was replaced and recoated with a 1/8" thickness of Vimasco.

The second repair was created by making three overlapping circular
holes through the Ceraboard approximately 1° diameter on both the
exposed and unexposed sides. All three overlapping holes on the
exposed and unexposed sides lined up. Ons of the circular holes was
repaired with Flamastic 77, one was repaired with Flamesafe S-100, and
one was repaired with General Electric (G.E.) RTV 133 Silicone Adhesive
Sealant. All three coatings were insta!’=- flush with the seal, as well as
being in contact with one another and the original Vimasco cable
coating.

The third repair was created by making a 2-1/4" diameter opening
through the Ceraboard on both sides of the penetration. The 2-1/4*
diameter opening was uncoated and exposed the underlying Cerafiber.

For Penetration #2, the unexposed side temperatures were measured
using a total of eleven thermocouples. The highest temperature
readings on the unexposed surface occurred at 180 minutes when
thermocouple #6 measured 203°F. Siightly higher temperatures were
measured at the interface between the penetrating items and the
unexposed surface of the seal. Thermocouple #1, located at the power
cable/unexposed sids interface, recorded the highest temperature of the
test which was 266°F at 180 minutes. In review of the test data, it was
noted that none of the unexposed side temperatures exceeded the
-325'F limit. -

A review of the test results for Penetration #2 indicate the following:
. No passage of flame occurred through the penetration during the

3 hr. fire test.

ABB Impell Report Revision 0 I11.2.G-143
No. §897-341-001 Page 12 September, 1992
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Limiting end point temperatures, as defined by ASTM E-119, were
not exceeded during the 3 hr. fire test.

Therefore, this configL " :tion is considered acceptable for withstanding
an ASTM _E-119 3 hr. exposure.

43 Penetration #3

Penetration #3 consisted of a 6* x 32" solid back cable tray with a 30%
cable fill installed in a 33" x 8" rectangular opening. A total of 12.9 Ibs. of
Cerafiber was installed along the full length of the penetration to provide
an average density of 9 ib/tt’. Vimasco cable coating was applied in a
1/8" layer to the Cerafiber with a 1" overlap around the penetration
opening on both the unexposed and exposed sides of the penetration.
After the seal material was allowed to cure, four repairs were installed.

All four repairs wers made on intentionally formed breaches. The
breaches were formed to line up approximately on the opposite sides -
(exposed and unexposed). Breaches were of sufficient size to
accommodate a #12-9/C cable which was placed in each opening prior
to repair. The annular area in all four repair breaches was packed with
Kaowool! for the full depth of the penetration. Three of the breaches
were repaired with either Flamastic 77, Flamesafe S-100, or G.E. 133
RTV sealants. These materials were applied on both sides of the
penetration and in contact with the original Vimasco cable coating. The
fourth repair was uncoated and exposed and underlying Cerafiber and
Kaowool on both sides of the penetration.

For Penetration #3, the unexposed side temperatures were measured
using a total of twelve thermocouples. The highest temperature
readings on the unexposed surface occurred at 180 minutes when
thermocouple #30 measured 210°F. Higher temperatures were
measured at the interface between the penetrating items and the
unexposed surface of the seal. Thermocouples #25, 73, 74 and 75 all
exceeded the 325°F limit during the 180 minute fire test. Thermocouple
#25, located on the 250-MCM-1/C power cables, reached 602°F at 180
minutes. - Thermocouple #73, located on the Repair #2 interface,
reached 397°F at 180 minutes. Thermocouple #74, located on the
repair #3 interface, reached 422°F at 180 minutes. Thermocouple #75,
located on the repair #4 interface, reached 501°F at 180 minutes. All
other thermocouples remained below the 325°F limi.

In review of the thermocouple locations, it is evident that the higher
temperatures are associated with the penetrants and specific repair
configurations. The cable used in the fire test consisted of polyethylense -
insulation with PVC jacket, which is a more combustible form of cable

ABB Impell Report Revision 0
No. 597-341-001 Page 13 September, 1992 111.2.G-144
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insulation. The self ignition temperature of PE/PVC cable insulation and
_jacketing is approximately 650°F. Therefore, the penetration could be
considered acceptable for maintaining a 3 hr. exposure fire as defined
by IN 88-04. However, acceptance of this configuration would require a
review of the_materials which might be exposed to high heat transfer on
the unexposed side of the seal. Self ignition temperatures of any
materials in contact with the seal would have to be in excess of 602°F.

A review of the test results for Penetration #3 indicates the following:

No passage of flame occurred through the penetration during the
3 hr. fire test.

Limiting end point temperatures, as defined by ASTM E-118, were
not exceeded on the unexposed surface during the 3 hr. fire test.
However, penetrating items and repair locations exceeded the
325°F limit and require a review of the materials in contact with the
seal.

Therefore, this configuration is considered acceptable for withstanding
an ASTM E-119 3 hr. exposure fire in accordance with IN 88-04.
However, this acceptance is based on the condition that materials in
contact with the seal surface have a self ignition temperature in excess
or B02°F.

4.4 Penetration #4

Penetration #4 consisted of a 6" x 32° solid back cable tray with a 40%
cable fill installed in a 33" x 8" rectangular opening. A total of 11.7 Ibs. of
Cerafiber was installed along the full length of the penetration to provide
an average density of 9 Ib/tt>. On both the unexposed and exposed
sides of the penetration a 1/8" coating of Vimasco cable coating was
applied to the Cerafiber with a 1" overlap around the penetration
opening.

After the seal material was allowed to cure, temporary Styrofoam

damming was secured and a 3" thickness of Firecode C.T. Gypsum

material was placed on both exposed and unexposed surfaces on both

of the front and sides of the cable tray. Additionally, a 1/2° maximum

bead of Nelson FSP Putty was applied to the back side of the cable tray )
along with interface of the cable tray and the concrete test slab on baoth

surfaces.

s
ABB Impell Report Revision 0
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For Penetration #4, the unexposed side temperatures were measured

_using a total of twelve thermocouples. The highest temperature
readings on the unexposed surtace occurred at 180 minutes when
thermocouple #17 measured 224°F. Higher temperatures were
measured-at-the interface between the penetrating items and the
unexposed surface of the seal. Thermocouples #13 and 15 both
exceeded the 325°F limit during the 180 minute fire test. Thermocouple
#13, located on the 250-MCM-1/C power cables, reached 400°F at 180
minutes. Thermocouple #15, located on the #16-2/C instrument
cables, reached 332°F at 180 minutes. All other thermocouples
remained below the 325°F limit.

In review of the thermocouple locations, it is evident that the higher
temperatures are associated with the cable penetrants. The cable used
in the fire test consisted of polyethylene insulation with PVC jacket,
which is a more combustible form of cable insulation. The self ignition
temperature of PE/PVC cable insulation/jacketing is approximately
650°F. In addition, the highest temperature recorded on the unexposed
side was well below the self ignition temperature of cotton waste (i.e., <
4S0°F). Therefore, the penetration integrity is considered acceptable for
maintaining a 3 hr. exposure fire in accordance with IN 88-04.

A review of the test results for Penetration #4 indicates the following:

No passage of flame occurred through the penetration during the
3 hr. fire test.

Limiting end point temperatures, as defined by ASTM E-119, were
not exceeded on the unexposed surface during the 3 hr. fire test.
However, penetrating items and repair locations exceeded the
325°F limit and require a review of the materials in contact with the
seal.

Therefore, this configuration is considered acceptable for withstanding
an ASTM E-119 3 hr. exposure fire in accordance with IN 88-04.

45 Penetration #5

Penetration #5 consisted of a 6" x 32" solid back cable tray with a 40%
cable fill installed in a 33 x 8° rectangular opening. A total of 11.7 Ibs. of
Cerafiber was installed along the full length of the penetration to provide
an average density of 8 Ib/tt’. Vimasco cable coating was appliedina
1/8" thickness with a 1* overlap all round the penetration opening on
both the unexposed and exposed sides of the penetration. —
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After the seal material was allowed to cure, four repairs were installed in
_intentionally formed breaches. All four breaches were approximately
lined up on opposite sides (exposed and unexposed). Breaches were of
sufficient size to accommodate a #12-/C cable which was placed in
each opening-ptior to repair. All four repair breaches were packed with
Kaowool! around the new cable to the full depth of the penetration.
Either Flamastic 77, Flamesafs S-100, or G.E. 133 RTV sealants were
applied to these different repair breaches. Material was applied on both
surfaces of the penetration and in contact with the original Vimasco
cable coating. The fourth repair was uncoated and exposed the
underlying Cerafiber and Kaowool on both surfaces of the penetration.

For Penetration #5, the unexposed side temperatures were measured
using a total of twelve thermocouples. The highest temperature
readings on the unexposed surface occurred at 180 minutes when
thermocouple #42 measured 275°F. Higher temperatures were
measured at the interface between the penetrating items and the
unexposed surface of the seal. Thermocouples #33, 35, and 40 all
exceeded the 325°F limit during the 180 minute fire test. Thermocouple
#33, located on the 250-MCM-1/C power cables, reached 433°F at 180
minutes. Thermocouple #35, located on the #16-2/C instrument
cables, reached 341°F at 180 minutes. Thermocouple #40, located on
the repair #4 interface, reached 407°F at 180 minutes. Alf other
thermocouples remained below the 325°F limit:

In review of the thermocouple locations, it is evident that the higher
temperatures are associated with the penetrants and specific repair #4,
which was uncoated. The cable used in the fire test consisted of
polyethylene insulation with PVC jacket, which is a more combustible
form of cable insulation. The self ignition temperature of PE/PVC cable
insulation/jacketing is approximately 650°F. In addition, the highest
temperature recarded on the unexposed side was well below the self
ignition temperature of cotton waste (i.e., <450°F). Therefore, the
penetration integrity is considered acceptable for maintaining a 3 hr.
exposure fire.

A review of the test results for Penetration #5 indicates the following:

. No passage of flame occurred through the penetration during the
- 3 hr. fire test. -

. Limiting end point temperatures, as defined by ASTM E-119, were
not exceeded on the unexposed surface during the 3 hr. fire test.
However, penetrating items and repair locations exceeded the
325°F limit and require a review of the materials in contact with the -
seal.
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Therefore, this configuration is considered acceptable for withstanding
_an ASTM E-119 3 hr. exposure fire in accordance with IN 88-04.

4.6 Penetration #6

Penetration #6 was constructed by installing a 5 diameter conduit into
an 8" diameter opening in the concrete test slab. Preinstallation of seal
material was performed while the conduit was maintained at a 5° angle
(to simulate wall installation in as-built plant conditions). A 41% cable fill
was installed in the 5* diameter rigid metal condut. The space on the
exposed side of the conduit was sealed with a 3" thickness of Cerafiber
and a 1/4" thickness of Flamastic 77. The remaining space within the
conduit was sealed with G.E. 627 silicone sealant (unknown quantity).
The void area that the G.E. 627 silicone sealant did not fill {dus to 5°
angle of conduit) was filled and packed with Cerafiber. A 1/2" thickness
of Flamastic 77 was then applied to cover the entire sleeve opening on
the unexposed end. After seal materials were allowed to cure, the
conduit was installed in the concrete test slab.

For Penetration #6, the unexposed side temperatures were measured
using a total of six thermocouples. The highest temperature readings on
the unexposed surface occurred at 180 minutes when thermocouple
#64 measured 98°F. Slightly higher temperatures were measured at the
interface between the penetrating items and the unexposed surface of
the seal. Thermocouple #65, located at the pipe sleeve/unexposed side
interface, recorded the highest temperature of the test which was 163°F
at 180 minutes. In review of the test data, it was noted that none of the
unexposed side temperatures exceeded the 325°F limit.

-~

A review of the test results for Penetration #6 indicates the following:
. No passage of flame occurred through the penetration during the
3 hr. fire test.

. Limiting end point temperatures, as defined by ASTM E-119, were
not exceeded during the 3 hr. fire test.

Therefore, this configuration is considered acceptable for withstanding
an ASTM E-119 exposure fire.
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4.7 Penetration #7

Penetration #7 was lined with a 5* diameter rigid metal conduit. A 41%
cable fill was installed in the conduit. The annular space within the
conduit was-sealed with 2.91 lbs. of Cerafiber to provide an average
density of 9 ib/#®. Both the unexposed and exposed ends of the
condutt were then sealed with 1/8" of G.E. RTV 133.

For Penetration #7, the unexposed side temperatures weré measured .
using a total of six thermocouples. The highest temperature readings on
the unexposed surface occurred at 180 minutes when thermocouple
#70 measured 109°F. Slightly higher temperatures were measured at
the interface between the penetrating items and the unexposed surface
of the seal. Thermocouple #71, located at the pipe sleeve/unexposed
side interface, recorded the highest temperature of the test which was
146°F at 180 minutes. In review of the test data it was noted that none
of the unexposed sids temperatures exceeded the 325°F limit.

A review of the test results for Penetration #7 indicates the following:

No passage of flame occurred through the penetration during the
3 hr. fire test.

iroiting end point temperatures, as defined by .CTM E-118, were
not exceeded during the 3 hr. fire test.

Therefore, this configuration is considered acceptable for withstanding
an ASTM E-119 3 hr. exposure fire.

4.8 Penetration #8

Penetration #8 was lined with a 5* diameter cast-in-place 1 /4" thick steel
sleeve installed fiush with both surfaces of the concrete slab. A 32%
cable fill was installed within the sleeve. The annular space within the
sleave was sealed with a 12" thickness of Cerafiber weighing 0.83 Ib.
Each face of the penetration was uncoated and exposed the Cerafiber.

For Penetration #8, the unexposed side temperatures were measured
using a total of six thermocouples. The highest temperature readings on
the unexposed surface occurred at 180 minutes when thermocouple
#59 measured 331°F. It was noted that at 175 minutes thermocouple
#59 at the interface between the penetrating items and the unexposed
surface of the seal. Thermocouple #12, located on the 250-MCM-1/C
_power cables, reached 555°F at 180 minutes. All other thermocouples
remained below the 325°F limit. -
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In review of the thermocouple locations, it is evident that the higher
temperatures are associated with the penetrating cables. It was noted

~that thermocouple #12, used to measure unexposed surface
temperature was located within 1/4" of the 250-MCM-1/C power cables.
The cable_used in the fire test consisted of polyethylene insulation with
PVC jacket, which is a more combustible form of cable insulation. The
self ignition temperature of PE/PVC cable insulation/jacketing is
approximately 650°F. Therefore, the penetration could be considered
acceptable for maintaining a 3 hour exposure fire. However, acceptance
of this configuration would require a review of the materials which might
be exposed to high heat transfer on the unexposed side of the seal.
Self ignition temperatures of any cables in contact with the seal would
have to be in excess of 555°F.

A review of the test results for Penetration #8 indicates the following:

No passage of flame occurred through the penetration during the
3 hr. fire test.

Limiting end point temperatures, as defined by ASTM E-119, were
exceeded on the unexposed surface during the 3 hr. fire test. In
addition, penetrating items exceeded the 325°F limit and require a
review of the materials in contact with the seal.

Therefore, this configuration is considered acceptable for withstanding
an ASTM E-119 3 hr. exposure fire in accordance with IN 88-04.
However, this acceptance is based on the condition that materials in
contact with the seal surface have a self ignition temperature in excess
of 555°F.

49 Hose Stream Test

After the 3 hour fire exposure, the eight penetration configurations in the
test assembly were subjected to the IEEE 634 hose stream test. A75
psi hose stream was delivered from a distance of 10 feet through a 1-
1/2" diameter hose equipped with a fog nozzle set at a discharge angle
of 30°. The spray was delivered over an exposed area of 7-4" x 7-6" for
a duration of 1 minute 23 seconds. Although the duration of the hose
stream test met the requirements of ASTM E-113, the hose stream test
was not equivalent to the guidelines contained in NRC Information Notice
No. 88-04. IN B8-04 states that the hose stream shall be delivered in
one of the following ways:

a) A 1-1/2° nozzle set at a discharge angle of 30° with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm with the
tip of the nozzle a maximum of 5 ft. from the exposed face.
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b) A 1-1/2" nozzle set at a discharge angle of 15° with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm with the
tip of the nozzle a maximum of 10 ft. from the exposed face.

c) A 2-1/2" national standard playpipe equipped with 1-1/8" tip,
nozzle pressure of 30 psi, located 20 ft. from the exposed face.

Therefore, although no opening developed during the IEEE 634 hose
stream test that permitted a projection of water beyond the unexposed
surface of the test assembly, the nozzle was placed 10 feet away from
the test specimen and not 5 feet as required by IN 88-04. Although the
direct impact of a closer hose stream discharge was not demonstrated
in this test, the significance is not considered sufficient to effect the
acceptance of the test specimens in meeting the ASTM E119
requirements for a 3 hour rated configuration.

50 SUPPLEMENTAL FIRE TEST REVIEW

In order to find further evidence of qualified 3 hour fire rated penetration seal

assemblies, a review was performed of the tested configurations contained in
Underwriters Laboratories (U.L.) Test Fire No. NC601-1 through -4 which was
performed on November 17, 1980 for Niagara Mohawk. This test report has

been included as Attachment E.

The test method for this supplemental U.L test report was similar to the CTL
test report in that it utilized IEEE 634 to establish the criteria for furnace
temperature, thermocouple locations and hose stream impingement. As
discussed earlier in Section 4.0, some differences exist between JEEE 634 and
NRC accepted standards. For the purpose of this analysis, the tested
configurations were reviewed to determine acceptability based on NRC
guidance and accepted standards.

5.1 Supplement #1 (Floor Test #1, Penetration #14)

Penetration #14 of Floor Test No. 1 consisted of two 5° x 24" open

ladder cable trays each with 40.3% cable fill installed in a 52° x 12°

rectangular opening. A total of 29.15 ibs. of Kaowoal bulk ceramic fiber

was installed along the full length of the penetration to provide an

average density of 7.7 Ib./ft.. Additionally, a 1/2" thick layer of

Flamastic cable coating was applied to the ceramic fiber with a 1"
“overlap around the penetration opening on both the unexposed and -
exposed sides of the penetration. The mastic coating was tapered from

full thickness at the barrier surface to a thin brush coat at its termination

point approximately 12 in. from the seal surface on both sides.
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For Penetration #14, the unexposed side temperatures were measured
using a total of sixteen thermocouples. The highest temperature reading

~on the unexposed surface occurred at 180 minutes when thermocouple
#65 measured 321.2°F. Therefore, all of the thermocouples for
penetration #14 | remained below 325°F for the 3 hour duration of the fire
test.

A review of the test results for Penetration #14 indicate the following:

No passage of flame occurred through the penetration during the
3 hr. fire test.

Limiting end point temperatures, as defined by ASTM E-119, were
not exceeded during the 3 hr. fire test.

Therefore, this configuration is considered acceptable for withstanding
an ASTM E-119 3 hr. exposure.

5.2 Supplement #2 (Floor Test #2, Penetration #7)

Penetration #7 of floor test #2 consisted of a nominal 5° diameter metal
conduit sleeve with 31.2% cable fil. A total of .33 lbs. of Kaowool bulk
ceramic fiber was installed inside the sleeve to provide an average
density of 3.5 Ib./ft.’. Additionally, a 1/4" thick layer of Flamastic cable
coating was applied to the ceramic fiber with a 1 overlap around the
penetration opening on both the unexposed and exposed sides of the
penetration. The mastic coating was tapered from full thickness at the
barrier surface to a thin brush coat at its termination point approximately
12 in. from the seal surface on both sides.

For Penetration #7, the unexposed side temperatures were measured
using a total of four thermocouples. The highest temperature reading on
the unexposed surface occurred at 180 minutes when thermocouple
#31 measured 238.4°F. Therefore, all of the thermocouples for
Penetration #7 remained below 325°F for the 3 hour duration of the fire

test.
A review of the test results for Penetration #7 indicate the following:

_° No passage of flame cccurred through the penetration during the
3 hr. fire test. i

. Limiting end point temperatures, as defined by ASTM E-119, were
. not exceeded during the 3 hr. fire test.
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Therefore, this configuration is considered acceptable for withstanding
_an ASTM E-119 3 hr. exposure.

53 Supplemental Hose Stream Test

After the 3 hour fire exposure, the penetration configurations in the U.LL
tested assemblies were subjected to the IEEE 634 hose stream test. A
75 psi hose stream was delivered from a distance of 10 feet through a 1-
1/2* diameter hose equipped with a fog nozzle set at a discharge angle
of 30°. The spray was delivered over an exposed area of 8' x 14-2° for
a duration of 2 minutes 43 seconds. Although the duration of the hose
stream test met the requirements of ASTM E-119, the hose stream test
was not equivalent to the guidelines contained in NRC Information Notice
No. 88-04. IN 88-04 states that the hose stream shall be delivered in
one of the following ways:

a) A 1-1/2" nozzle set at a discharge angle of 30° with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm with the
tip of the nozzle a maximum of 5 ft. from the exposed face.

b) A 1-1/2" nozzle set at a discharge angle of 15° with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm with the
tip of the nozzle a maximum of 10 ft. from the exposed face.

c) A 2-1/2" national standard playpipe equipped with 1-1/8" tip,
nozzle pressure of 30 psi, located 20 ft. from the exposed face.

Therefore, atthough no opening developed during the JEEE 634 hose
stream test that permitted a projection of water beyond the unexposed
surface of the test assembly, the nozzle was placed 10 feet away from
the test specimen and not 5 feet as required by IN 88-04. Although the
direct impact of a closer hose stream discharge was not demonstrated
in this test, the significance is not considered sufficient to effect the
acceptance of the test specimens in meeting the ASTM E119
requirements for a 3 hour rated configuration.

6.0 DESIGN DETAIL ANALYSIS

The design details in Attachments A through D consist of a thermal resistive
compaonent (ceramic fiber) and one or more insulative/mechanical strength
compgnents (damming board and/or mastic coating).

The ceramic fiber is an insulative material which reduces heat conduction
through the seal to the unexposed side. Kaowool, manufactured by Babcock

and Wilcox, and Cerafiber, manufactured by Johns-Manville, are two types of
ceramic fiber used for this purpose.
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The review of vendor literature for Kaowool and Cerafiber shows that both are
good insulators with similar thermal conductivities as detailed below:

Thermal Conductivity
BTU-in/sq ft-hr’F @ mean

Material Density temp of 1,200°F
Cerafiber 9 Ib/Ff + 1.40
Kaowool g Ib/FE + 0.88

A comparison of the heat transfer rates for both materials at a constant cross
sectional area and mean temperature ot 1,200°F also shows this:

Heat Transfer Rate Per

Unit Area and
Temperature Gradient
Material and Thickness (BTU/sq. ft-hr-"F)
12 in. Cerafiber
(9 b/t 117
12 in. Kaowool
(@ Ib/ft) 073

Based on the above similarities and the fact that both Cerafiber and Kaowool
were tested successfully in similar configurations, both Cerafiber or Kaowool
can be used separately or in combination as the primary seal material to form a
3 hr. rated sealing device.

The CTL test penetrations typically consisted of 8 Ib. /ft.’ Cerafiber with a 1/8°
thick mastic coating. Although the tests conducted by U.L. showed that
openings could be sealed with between 3.5 ./t and 7.7 Ib./ft3, the seal
configurations in the U.L. test report were coated with 1 /2" thick mastic which
extended 12° out from the seal surface on both ends. Since the CTL testis
more representative of penetrations at the Zion Station, the design details
include the more conservative 9 Ib. /fL’ requirement.

Cerafiber and Kaowoo! are the only two fiber products discussed here.

However, these may not be the only two ceramic fiber materials available today

or in the future. Others may become available with similar thermal i
characteristics which are noncombustible. These materials could also be
appropriately substituted, if they have been fire tested and/or determined to be
at least equivalent to the ceramic fiber products discussed above with respect
to their performance to a standard 3 hr. fire exposure. Any substitution of the
fiber products should be performed by qualified individuals and documented,
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as to the reasons for the proposed substitution and the materials equivalency.

Non-combustible damming boards vary in material and density but are typically
a compressed form of ceramic fiber. Their primary function is to minimize the
direct flame exposure 1o the primary seal material and increase the durability of
the configuration during fire exposure. Marinite XL Board and Ceraboard,
produced by Johns-Manville, Kaowool M Board, produced by Babcock and
Wilcox, and Fiberfrax GH Board, produced by Carborundum are all types of
non-combustible damming boards which exhibit similar properties with respect
to thermal conductivity. Based on the use of damming boards as a strength
component and not a primary seal material, all types of non-combustible
damming boards are acceptable provided that they exhibit similar thermal
conductivity properties to the damming boards addressed above.

Mastic coatings vary in the types of thermo plastic resins, flame retardant
chemicals and inorganic incombustible fibers which make them up. Their
primary function is to insulate flammable surfaces from heat and flame
exposures by reducing the heat transmission to the protected surface and
producing by-products which inhibit the combustion process. Flamastic 77,
Vimasco 31, Flamesafe S-100 (formerly Quelpyre) and GE RTV-133 are four
types of mastic coatings currently being used.

Although all of these mastic coatings will help to reduce the exposure to the
primary seal material and keep cable insulation from contributing to ths fire,
testing indicated that the best results were developed with the use of Vimasco
31 and Flamastic 77. These mastics will adhere to each other and can be
used separately or in combination. It should be noted that the four mastic
materials discussed are not the only materials on the market. These materials
are only being addressed because the testing performed evaluated the four
materials simultaneously, in addition to the use of the materials at the station.
Should other mastics may become available in the future, an evaluation by
qualified individuals should be performed to document the simitarity of these
materials to Vimasco 31 or Flamastic 77.

The design details generated by this calculation are included in Attachments A,
B, C, and D. The seal features and design parameters were derived by a
comparison of the qualified tested configurations and the analysis of material
compaosition. Each of the parameters is discussed below.

6.1 _Design Detail A -
- Seal Material Composition and Thickness

The seal material and thickness for Design Detail A is based on
CTL test Penetration #5 and provides an equivalency for Details 8 -
and 10 on CECo Drawings 22€-0-3130, Sheet 1. CTL test
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Penetration #5 consisted of 12° of Cerafiber bulk ceramic fiber
with 1/8° Vimasco Cable Coating 31 on both sides. The Vimasco
Cable Coating was applied with a minimum 1° overlap around the
entire seal edge. The density of the Cerafiber was an average of
9 Igﬁtf._ This configuration maintained the unexposed surface
temperature below 325°F for the duration of the 3 hr. exposure
fire. In addition, the temperature of the unexposed side of the
penetrating objects was maintained below the self ignition
temperature of the cable and below the self ignition temperature
of cotton waste (i.e., < 450°F).

Design Detail A is also consistent with the results of U.L. test
Penetration #14 of Floor Test #1 which consisted of 12° of
Kaowool bulk ceramic fiber with 1/2° Flamastic 77 on both sides.
The density of the ceramic fiber was 7.7 Ib./ft% This
configuration maintained the unexposed surface and penetrant
temperatures below 325°F for the duration of the 3 hr. exposure
fire. the primary difference between this configuration and CTL
test Penetration #5 is that the mastic coating was applied to the
penstrating cables 12* beyond the barrier on both sides of the
penetration. Applying the mastic coating in this manner
decreases the exposure to the penetrating cables and thus limits
the heat transfer through to the unexposed side. Since the
results of CTL test Perstration #5 show that penetrants coated
with only 1/8° mastic are maintained at acceptable temperatures,
1/8" was specified as the minimum mastic coating thickness.

Therefore, the minimum material thickness included in Design
Detail A is 12* of ceramic fiber with 1/8" mastic coating on both
sides to match the tested configurations and provide assurance
that the seal design will resutt in @ minimum 3 hr. fire rated
assembly. .

Opening Dimensions

The maximum opening size of 624 sq. in. in Design Detail Ais

consistent with the maximum size tested in U.L. Floor Test #1,

test Penetration #14. For the purpose of this calculation, the

maximum size opening was selected based on the fire test data

for this test configuration. Itis also reasonable to conclude,

based on test resulfs, that smaller size openings can also be fire -
sealed with ceramic fiber material.
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U.L Floor Test No. 2, Penetration No. 11 consisted of an 18°
diameter pipe sleeve which was filed with Kaowool bulk ceramic
fiber coated with 1/4° Flamastic 77 on both sides. This 254 sq.
in. opening, without penetrating items, was capable of
withstanding the 3 hour fire test and subsequent hose stream
test. It is generally accepted that the penetrating items add
structural support to the penetration seal materials and that
penetration seals which do not contain penetrants are more
susceptible to failed hose stream testing. Therefore, although 624
sq. in. is the largest acceptable opening size, 254 sq. in. is the
maximum unused seal area where penetrants do not exist.
Unused seal areas above 254 sq. in. should be provided with a 1°
damming board on both sides to increase the structural stability
of the seal.

Sleeves for openings in barriers are typically installed to provide
additional structural support to the opening. From a fire barrier
penetration seal standpoint, sleeves transmit additional heat
through and around the seal. However, the sleeves also provide
an interface between the seal material and the barrier, thus
providing a less restrictive path for heat to dissipate away from
the seal and into the barrier. This statement was verified by the
test results of CTL Penetration #5, thermocouple #58, which
recorded a temperature of 225'F at the unprotected pipe sleeve
for this seal. Therefore, it is reasonable to conclude that an
opening without a sleeve would perform similar to the same size
sleeved opening.

Penetrant Types and Sizes

Design Detail A is intended to specify the requirements for
electrical cable tray penetrations only. Therefore, mechanical
penetration requirements have not been specified.

Cable Types: The cable used in the CTL fire test consisted of

polyethylene insulation with PVC jacketing. The intent of the test

was to qualify the most combustible type of cable so that the fire

test results could be applied to all types of cable. Therefore,

Design Detail A does not place a restriction on the types of cable
- to be used.
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Cable Loading and Fill: Cable loading for a particular fire test
(total cross section area of cables divided by the inside cross
sectional area of tray/conduit) can be used to qualify
configurations with the same or less cable loading. CTL
Penetration #5 consisted of a tray with 40% cable fill. This is also
consistent with U.L. Floor Test #1, Penetration #14 which
consisted of two trays each with 40.3% cable fill. Therefore,
Design Detail A specifies a maximum 40% cable fill.

Cable Trays: Cable trays fire tested can be used to qualify cable
trays constructed from the same materials of the same or smaller
size. CTL test Penetration #5 consisted of a 32" x 6" solid back
steel cable tray. From a fire barrier penetration seal standpoint,
solid back steel cable trays transmit more heat through the seal
than open ladder type cable trays. This is evident when reviewing
the results of U.L. Floor Test #1, Penetration #14 which consisted
of two 24° x 5" steel ladder back cable trays. Observed
temperatures at the cable tray interface with the seal were slightly
lower than those recorded for CTL Penetration #5. Therefore,
Design Detail A specifies a maximum cable tray size of 32" x 6"
and does not place a restriction on the tray type.

Conduits: Design Detail A was developed to depict typical
configurations for electrical cilic tray penetrations only. Conduits
were not considered.

Distance Between Penetrating items

The minimum dimension between the penetrating item and the
wall/floor or between penetrating items is based on the
configuration of CTL test Penetration #5. In this configuration,
the cable tray was placed into the opening with a 1/2" space
between the tray and the seal opening edge. Cable trays
represent the worst case for testing spacing dimensions. The
ability of the seal material to be applied to an uneven annular
space has been demonstrated successfully by test Penetration
#5. U.L Floor Test #1, Penetration #14, which tested two 40.3%
filed cable trays approximately 1° apart also helps to verify the
acceptability of muttiple penetrants in a single opening. Although
these trays were tested 1° apart, temperatures on the unexposed
side between the cable trays and at the cable tray seal interface,
indicate that spacing at the 1/2* distance would not significantly
alter the test results. Therefore, Design Detail A specifies a
minimum distance of 1/2" between the penetrating items and
between the cable tray and the seal opening edge. This
requirement ensures that the penetrants are spaced sufficiently
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such that the seal material is evenly cispersed, thereby
maintaining adequate fire resistance.

Seal Orientation (wall/floor)

Penetration seals tested in a horizontal configuration are
considered to be worst case scenarios, thus qualify for application
in either wall or floor/ceiling configurations, provided the designs
are symmetrical (e.g., damming material on both sides). Both
CTL Penetration #5 and U.L Penetration #14 were tested in the
horizontal position. Therefore, Design Detail A is valid for both
floor/ceiling and wall installations.

6.2 Design Detail B

ABB Impeli Report
No. 597-341-001

Seal Material Composition and Thickness

The seal material and thickness for Design Detail B is based on
CTL test Penetration #5 and provides an equivalency for Details
1, 3, 4, 6, and 7 identified on CECo Drawing 22E-0-3130, Sheet 1.
CTL test Penetration #5 consisted of 12" of Cerafiber bulk
ceramic fiber with 1/8" Vimasco Cable Coating 31 on both sides.
The Vimasco Cable Coating was applied with a minimum 1°
overlap ar~: ~d the entire seal edge. The density of the Cerafiber
was an average of 9 Ib/ft>. This configuration maintained the
unexposed surface temperature below 325°F for the duration of
the 3 hr. exposure fire. In addition, the temperature of the
unexposed side of the penetrating objects was maintained below
the self ignition temperature of the cable and below the self
ignition temperature of cotton waste (i.e., < 450°F).

Design Detail B is also consistent with the results of U.L test
Penetration #14 of Floor Test #1 which consisted on 12 Kaowaol
bulk ceramic fiber with 1/2° Flamastic 77 on both sides. The
density of the ceramic fiber was 7.7 Ib. /i3, This configuration
maintained the unexposed surface and penetrant temperature
below 325°F for the duration of the 3 hr. exposure fire. The
primary difference between this configuration and CTL test
Penetration #5 is that the mastic coating was applied to the
penetrating cables 12° beyond the barrier on both sides of the
penetration. Applyifig the mastic coating in this manner
decreases the exposure to the penetrating cables and thus limits
the heat transfer through to the unexposed side. Since the
results of CTL test Penetration #5 show that penetrants coated
with only 1/8" mastic are maintained at acceptable temperatures,
1/8" was specified as the minimum mastic coating thickness.
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This design detail is also supported by the resutts of test
Penetration #8 which consisted of a 5" diameter sleeve with 32%
cable fill sealed with 12* of Cerafiber with a density of 9 Ib./ft.?
only. This configuration maintained the unexposed surface
temperature only slightly above the 325°F limit (thermocouple #12
redchtd 331°F) without the use of the mastic coating. It was also
noted that thermocouple #12 was located within 1/4* of the 250-
MCM-1/C power cables and was not representative of the
average unexposed surface temperature.

For unused conduit sleeves which penetrate the seal, the internal
opening of the sleeve shall also be filled with a minimum 12° of
ceramic fiber. As an alternative to mastic coating on both ends,
however, pipe caps may be used. The pipe caps serve the same
purpose as the mastic coating by reducing the direct fire
exposure to the primary seal material, wnich is the ceramic fiber.
The transmission of heat to the unexposed side of the seal was
demonstrated as being within the maximum cold side temperature
of 325°F in CTL test Penetration #8. Thermocouple #58
indicated that the maximum temperature achieved was 225°F
which is well within this temperature criteria.

Non-combustible damming boards vary in material and density
but are typically a compressed form of ceramic fiber. Their
primary function is to minimize the direct flame exposure to the
primary seal material and increase the durability of the
configuration during fire exposure. In this aspect they perform
similar to mastic coatings. The primary advantage that mastics
have over damming boards, however, is that mastics, when used
on combustible penetrating objects, such as cable, are able to be
applied to the surface of the combustible penetrant and thus,
reduce the penetrants contribution to the fire. Therefore, mastics .
should be used to coat combustible penetrants, and damming
boards may be provided in seal areas where no combustible
penstrants exist. Design Detail B, which was developed to depict
typical unused penetrations follows this criteria and allows the use
of a 1* damming board in lieu of the mastic coating.

Therefors, the minimum material thickness included in Design
Detail B is 12* of ceramic fiber at 9 Ib./ft* with either a 1/8"
thickness of mastictoating or a 1* non-combustible damming

board (pipe caps may be provided for conduits extending beyond

the barrier) on both sides to match the tested configurations and
provide assurance that the seal design will result in a minimum 3
hr. fire rated assembly.
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Opening Dimensions

The maximum opening size of 824 sq. in. in Design Detail B is
consistent with the maximum size tested in U.L. Floor Test #1,
test Penetration #14. For the purpose of this calculation, the
maximum size opening was selected based on the fire test data
for this tested configuration. It is also reasonable to conclude,
based on test results, that smaller size openings can also be fire
sealed with ceramic fiber material.

U.L Floor Test No. 2, Penetration No. 11 consisted of an 18"
diameter pipe sleeve which was filled with Kaowool bulk ceramic
fiber coated with 1/4° Flamastic 77 on both sides. This 254 sq.
in. opening, without penetrating items, was capable of
withstanding the 3 hour fire test and subsequent hose stream
test. Itis generally accepted that the penetrating items add
structural support to the penetration seal materials and that
penetration seals which do not contain penetrants are more
susceptible to failed hose stream testing. Therefore, although 624
sq. in. is the largest acceptable opening size, 254 sq. in. is the
maximum unused seal area where penetrants do not exist.
Unused seal areas above 254 sq. in. should be provided with a 1"
damming board on both sides 1o increase the structural stability
of the seal.

Sleeves for openings in barriers are typically installed to provide
additional structural support to the opening. From a fire barrier
penetration seal standpoint, sleeves transmit additional heat
through and around the seal. However, the sleeves also provide
an interface between the seal material and the barrier, thus
providing a less resistive path for heat to dissipate away from the
seal and into the barrier. This statement was verified by the
results of CTL test Penetration #8, thermocouple #58, which
record a maximum temperature of 225°F at the unprotected pipe
sleeve for this seal. Therefore, it is reasonable to conclude that
an opening without a sleeve would perform similar to the same
size sleeved opening.

Penetrant Types and Sizes

Design Detail B is intended to specify the requirements for unused B
electrical penetrations which include conduit sleeves. Based on
the review of CTL Penetration #8 and U.L. Floor Test #2,
Penetration #7, the maximum penetrating item size requirements
would be a 5" diameter metal conduit.
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Seal Orientation (wall/floor)

Penetration seals tested in a horizontal configuration are
considered to be worst case scenarios, thus qualify for application
in either wall or floor/ceiling configurations, provided the designs
are symmetrical (e.g., damming material on both sides). CTL test
Penetrations #5 & 8 as well as U.L. Floor Test #2, Penetration #7
were tested in the horizontal position. Therefore, Design Detail B
is valid for both floor/ceiling and wall installations.

6.3 Design Detail C

AT NA4 NNR

Seal Material Composition and Thickness

The seal material and thickness for Design Detail C is based on
CTL test Penetrations #5 and provides an equivalency for details
2 and 5 as indicated on CECo Drawing 22E-0-3130, Sheet 1.
CTL test Penetration #5 consisted of 12° of Cerafiber bulk
ceramic fiber with 1/8* Vimasco Cable Coating 3! on both sides.
The Vimasco Cable Coating was applied with a minimum 1
overlap around the entire seal edge. The density of the Cerafiber
was an average of 8 lb/ft’. This configuration maintained the
unexposed surface temperature below 325°F for the duration of
the 3 hr. exposure fire. In addition, the temperature of the )
unexposed sids of the penetrating objects was maintained below
the self ignition temperature of the cable and below th selt
ignition temperature of cotton waste (i.e., < 450°F).

Design Detail C is also consistent with the results of U.L. test
Penetration #14 of Floor Test #1 which consisted on 12" Kaowool
bulk ceramic fiber with 1/2° Flamastic 77 on both sides. The
density of the ceramic fiber was 7.7 Ib. /ft.:’. This configuration
maintained the unexposed surface and penetrant temperature
below 325°F for the duration of the 3 hr. exposure fire. The
primary difference between this configuration and CTL test
Penetration #5 is that the mastic coating was applied to the
penetrating cables 12° beyond the barrier on both sides of the
penetration. Applying the mastic coating in this manner
decreases the exposure to the penetrating cables and thus limits
the heat transfer through to the unexposed side. Since the
results of CTL test Penetration #5 show that penetrants coated
with only 1/8" mastic are maintained at acceptable temperatures,
1/8" was specified as the minimum mastic coating thickness.
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This design detail is also supported by the results of CTL test
Penetration #8 which consisted of a 57 diameter sleeve with 32%
cable fill sealed with 12° of Cerafiber with a density of 9 lt:'./ft.3
only. This configuration maintained the unexposed surface
temperature only slightly above the 325°F limit (thermocouple #12
reached 331°F) without the use of the mastic coating. It was also
noted that thermocouple #12 was located within 1/4° of the 250-
MCM-1/C power cables and was not representative of the
average unexposed surface temperature.

Non-combustible damming boards vary in material and density
but are typically a compressed form of ceramic fiber. Their
primary function is to minimize the direct flame exposure to the
primary seal material and increase the durability of the
configuration during fire exposure. In this aspect they perform
similar to mastic coatings. The primary advantage that mastics
have over damming boards, however, is that mastics, when used
on combustible penetrating objects, such as cable, are able to be
applied to the surface of the combustible penetrant and thus,
reduce the penetrants contribution to the fire. Therefors, mastics
should be used to coat combustible penetrants, and damming
boards may be provided in seal areas where no combustible
penetrants exist. Design Detail C, which was developed to depict
typical conduit sleeve penetrations follows this criteria and allows
the use of a 1* damming board in lieu of the mastic coating.

Therefore, the minimum material thickness included in Design
Detail C is 12* of ceramic fiber at 8 Ib./ft.> with ether a 1/8°
thickness of mastic coating or a 1" non-combustible damming
board on both sides to match the test configuration and provide
reasonable assurance that the seal design will result in @ minimum
3 hr. fire rated assembly.

For conduit sleeves which extend beyond the face of the barrier
and end in a conduit bushing or coupling with chase nipple, the
1/8" Vimasco cable coating should be applied to the exposed
cables and any exposed ceramic fiber at the conduit bushing. R
should be noted that for conduit slesves which penetrate through
and extend past a barrier and then terminate in a cable pan, box,
panel, etc., may omit the Vimasco coating may be omitted on one
side based on the test results of CTL test Penetration #8.
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Opening Dimensions

The maximum opening size of 624 sq. in. in Design Detail C is
consistent with the maximum size tested in U.L. Floor Test #1,
Penetration #14. For the purpose of this calculation, the
maximarm size opening was selected based on the fire test data
for this test configuration. !t is also reasonable to conclude,
based on test results, that smaller size openings can also be fire
sealed with ceramic fiber material.

U.L Floor Test No. 2, Penetration No. 11 consisted of an 18°
diameter pipe sleeve which was filled with Kaowool! butk ceramic
fiber coated with 1/4" Flamastic 77 on both sides. This 254 sq.
in. opening, without penetrating tems, was capable of
withstanding the 3 hour fire test and subsequent hose stream
test. It is generally accepted that the penetrating items add
structural support to the penetration seal materials and that
penetration seals which do not contain penetrants are more
susceptible to failed hose stream testing. Therefore, atthough 624
sq. in. is the largest acceptable opening size, 254 sq. in. is the
maximum unused seal area where penetrants do not exist.
Unused seal areas above 254 sq. in. should be provided with a 1°
damming board on both sides to increase the structurai stability .
of the seal.

Sleeves for openings in barriers are typically installed to provide
additional structural support to the opening. From a fire barrier - "
penetration seal standpoint, sleeves transmit additional heat
through and around the seal. However, the sleeves also provide
an interface betwsen the seal material and the barrier, thus
providing a less resistive path for heat to dissipate away from the
seal and into the barrier. This statement was verified by the
results of CTL test Penetration #8, thermocouple #58, which
record a maximum temperature of 225°F at the unprotected pipe
sleave for this seal. Therefore, it is reasonable to conclude that
an opening without a sleeve would perform similar to the same
size sleeved opening.

Penetrart Types and Sizes

Design Detail C is intended to specify the requirements for -
electrical cable conduit sleeve penetrations only. Based in the
review of CTL test Penetrations #5 & 8 and U.L. Floor Test #2,
Penetration #7, the maximum penetrating item size would be a &°
metal conduit. -
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Cable Types: The cable used in the CTL fire test consisted of
polyethylene insulation with PVC jacketing. The intent of the test
was to qualify the most combustible type of cable so that the fire
test results could be applied to all types of cable. Therefore,
Desiga Detail C does not place a restriction on the types of cable
to be used.

Cable Loading and Fill; Cable loading for a particular fire test
(total cross sectional area of cables divided by the inside cross
sectional area of tray/conduit) can be used to qualify
configurations with the same or less cable loading. Based on
CTL test Penetration #5 consisting of a tray with 40% cable fil
and CTL test Penetrations #7 and #8 having cable fills of 41 and
32% for conduits, Design Detail C specifies a maximum 40% cable
fill.

Cable Trays: Design Detail C was developed to depict typical
configurations for electrical cable conduit sleeve penetrations only.
Cable trays were not considered.

Conduits: The maximum conduit/conduit sleeve size for Design
Detail C was developed based on the resuits of CTL test
Penetrations #6, 7, and 8 and U.L Floor Test #2, Penetration #7
which all consisted of 5* diameter conduit/condui sigeves.
Therefore, a nominal 5* diameter maximum conduit/conduit
sleeve size was shown in Design Detail C.

Distance Between Penetrating items

The minimum dimension between the penetrating item and the
wall/fioor or between penetrating items is based on the
configuration of CTL test Penetration #5. In this configuration,
the cable tray was placed into the opening with a 1 /2" space
between the tray and the seal opening edgs. Cable trays
represent the worst case for testing spacing dimensions. The
ability of the seal material to be applied to an uneven annular
space has been demonstrated successfully by CTL test
Penetration #5. U.L Floor Test #1, Penetration #14 which tested
two 40.3% filled cable trays approximately 1* apart also helps to
verify the acceptability of multiple penetrants in a single opening.
Although these trays were tested 1° apart, temperatures on the
unexposed side between the cable trays and at the cable tray
seal interface, indicate that spacing at the 1/2 distance would not
significantly alter the test results. Therefors, Design Detail G
specifies a minimum distance of 1 /2° between the penetrating
temns. This requirement ensure that the penetrants are spaced
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sufficiently such that the seal material is evenly dispersed, thereby
maintaining adequate fire resistance.

Seal Orientation (wall/floor)

Penetration seals tested in horizontal configuration are considered
to be worst case scenarios, thus qualify for application in either
wall or floor/ceiling configurations, provided the designs are
symmetrical (e.g., damming material on both sides). CTL test
Penetrations #5 & 8 as well as U.L Floor Test #2, Penetration #7
were tested in the horizontal position. Therefore, Design Detail G
is valid for both floor/ceiling and wall installations.

6.4 Design Detail D

Seal Material Composition and Thickness

The seal material and thickness for Design Detail D is based on
CTL test Penetration #5 and provides an equivalency for Detail 9
as indicated on CECo Drawing 22€-0-3130, Sheet 1. Test
Penetration #5 consisted of 12* of cerafiber bulk ceramic fiber
with 1/8" Vimasco Cable Coating 3l on both sides. The Vimasco
cable coating was applied with a minimum 1° overlap around the
entire seal edge. The density o the cerafiber was an average of
9 Ibs/ft’. This configuration maintained the unexposed surface
temperature below 325°F for the duration of the 3 hr. exposure
fire. In addition, the temperature of the unexposed side of the
penetrating objects was maintained below the self ignition
temperature of the cable and below the self ignition temperature
of cotton waste (i.e., < 450°F).

Design Detail D is also consistent with the results of U.L. test
Penetration #14 of Floor Test #1 which consisted on 12° Kaowool
bulk ceramic fiber with 1/2" Flamastic 77 on both sides. The
density of the ceramic fiber was 7.7 Ib./ft>. This configuration
maintained the unexposed surface and penetrant temperature
below 325°F for the duration of the 3 hr. exposure fire. The
primary difference between this configuration and CTL test
Penetration #5 is that the mastic coating was applied to the

- penetrating cables 12° beyond the barrier on both sides of the

. penetration. Applying the mastic coating in this manner
decreases the exposure to the penetrating cables and thus limits
the heat transfer through to the unexposed side. Since the
results of CTL test Penetration #5 show that penetrants coated —
with only 1/8' mastic are maintained at acceptable temperatures, .
1/8" was specified as the minimum mastic coating thickness.
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Therefore, the minimum material thickness included in Design
Detail D is 12" of ceramic fiber at 8 Ib./ft.’ with 1/8" mastic coating
on both sides to match the tested configurations. This provides
reasoaabla assurance that the seal design will result in a
reasonable fire break to limit flame propagation within a cable tray
that is located in an open area.

Opening Dimensions

Design Detail D was developed to depict typical configurations for
electrical cable tray fire breaks. Therefore, the maximum opening
size is defined by the maximum tray size for which the fire break
can be installed. In order to provide an enclosure, the cable tray
must be provided with a cover.

Cable Types: The cable used in the CTL fire test consisted of
polysthylena insulation with PVC jacketing. The intent of the test
was to qualify the most combustible type of cable so that the fire
test results could be applied to all types of cable. Therefore,
Design Detail D does not place a restriction on the types of cable
to be used.

Cable Loading and Fill: Cable loading for a particular fire test
(total cross sectional area of cables divided by the inside cross
sectional area of tray/conduit) can be used to qualify
configurations with the same or less cable loading. CTL test
Penetration #5 consisted of a tray with 40% cable fill. Therefore,
Design Detail D specifies a maximum 40% cable fill.

Cable Trays; Cable trays fire tested can be used to qualify cabls
trays constructed from the same materials of the same or smaller
size. CTL test Penetration #5 consisted of a 32" x 6° solid back
steel cable tray. Therefore, Design Detail D specifies a maximum
cable tray fire break size of 32" x 6" x 12°.

Conduits: Design Detail D was developed to depict typical
configurations for elactrical cable tray fire breaks only. Conduits
are not applicable for this design.
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Seal Orientation (wall/floor)

Penetration seals tested in a horizontal configuration are
considered to be worst case scenarios, thus qualify for application
in either horizontal or vertical configurations, provided the designs
are symmetrical (e.g., damming material on both sides). CTL test
Penetration #5 was tested in the horizontal position. Therefore,
Design Detail D is valid for the horizontal and vertical positions.

Design Details A through D documented in the Attachments reflect the
configuration of representative fire barrier penetrations based on the tested
configurations and generally accepted engineering principles regarding the
performance of ceramic fiber. The design details also document the various
penetrant types/sizes, the minimum clearances between penetrating objects
and the recommended composition of the seal material.

The parameters developed for Design Details A through D can also be applied
when sealing voids/cracks in 3 hour rated fire barriers. Voids or cracks 1/4"
and below, since they do not present a significant fire propagation hazard, can
be sealed with a flame retardant material such as G.E. RTV 627. For cracks or
voids larger than 1/4", the void should be filled with ceramic fiber for the entire
thickness of the barrier or a minimum of 12°. Mastic coating should then be
applied on both sides to hold the loose fiber in place.
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3 HOUR PENETRATION SZAL DETAIL FIR
- CABLE TRAY PENETRATICNS IN TYPITAL
OPEINING WITH CEIRAMIC FISIR AND

MASTIC CCATING . 12" MINIMUM
THITKNESS CIRAMIC
.k CNTISURATIIN
{_AALL OR FLOOR CCNTISURATIIN ) e aomoor,
CABLE TRAY (32 CERAFIBER, OR

IN. X 6 IN. MAX) APPROVED EQUAL)

1/8" MINIMOH
THICKNESS VIMASCO
OR FLAMASTIC
CABLE COATING
(BOTK SIDES)

iy y

= F MINIMOM 1"
3 E OVERLAP ARGUND
= E  ENTIRE EDGE
-l
MAXIMUM CABLE FILL, _
40% (SEE NOTE 2)
12" CONCRETE
Notes: BARRIER
| Caramic fiber thickness: Minimum 127 thick, with a minimum density of 9 1bs per cublc foot,
_( covered with 178" minimum thickness mastic cable coating, over'apping a minimum of 1~
- around the entire edge on both sides.
2 Tne number 2nd types of penetrants and their locations may vary according to the following:
- Maximum size cable tray may be 32° X 67 (192 sq. in..) with up to 40% cable fill.
I free cables should be moved around during installation to assure proper distribution of seal
material.
4 A minimum distance of 172" should be maintained between the penetrating ttem(s) and the
seal edge to allow for proper distribution of seal material.
S. Design Detafl A provides an equivalency for Detalls 8 and 10 identified on CECo Drawing
22E-0-3130, Sheet 1.
6. Design Detall A has been tested for the installation as 2 3 hour fire rated assembly under CTL
Test Report No. 1788E, Penetration No. 5.
7. Voids or cracks 174" or less may be sealed with G. £, RTV 625 Sllicone Sealant or approved .
equal.
8. Voids or cracks larger than 1/47 may be sealed, as indicated above, with 127 thick ceramic
{iber and coated with 178" mastic on both sides. -
{\‘4 9. Unused openings above 254 sq. in. which do not contain penetrating {tems must also Include a

1~ non-combustibie damming board on both sides to ensure structural integrity. 111.2.G-171
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- = ATTACHMENT B

DESIGN DETAIL B

(UNUSED CONDUIT/SLEEVE PENETRATIONS)
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DESIGN DETAI

3 HOUR INTERNAL SLEZIVE P:
- STAL DETAIL FOR SINGLE OR M
UNUSZD PENETRATIONS IN TYPICAL
TIi: ver o OPENINGS WITH CIRAMIC FIBER,
TxCTID THEZRMAL BOARD OR MASTIC COATING
524 so. IN. { WALL OR FLOOR CONFIGURATION )
MAXIMUM 5" DIA:
METAL
CONDUIT/SLEEVE
OR NON-MOVING
PIPE SLEEVE

g v

PIPE CAP OR 1/8~
MINIMUM THICKNESS
MASTIC COATING
(BOTH SIDES)

U}
v
IS
=]
-t
w
v
]

12+ MINIMUM
THICXNESS CIRAMIC
TIBER (XAOWOOL,
CZRAFIBER, OR
APPROVED EQUAL)

MAXIMUM ZPEINING

1/8" MINIMOM
THICKNESS MASTIC
CA3LE COATING OR
1" TBICKNESS
NON~-COMBUSTIBLE
DAMMING BOARD
(BOTR SIDES)

THREADLESS
CONDOIT CONNZICTOR

12" CONCRETE
BARRIER

1 Ceramic fiber thickness: Minimum 12" thick, with a minimum density of 9 lbs per cubic foot,
covered with 178" minimum thickness Vimasco cable coating, Flamastic 77. or approved equal.

2. When 1/8" cable coating Is used, it shall be applied with a minimum 1~ overiap around the
entire edge.

(¥

In lteu of providing the 1/8" thickness of mastic cable coating, a 1” non-combustible
damming board may be used.

4. For unused metal conduit slzeves which extend beyond the face of the barrier, pipe caps may
be used in lieu of the 1/8” riastic cable coating.

S. Design Detall B provides an equivalency for Details I, 3, 4, 6 and 7 Identified on CECo Drawing
22E-0-3130, Sheet 1.

6. Design Detall B has been tested for the installation as 2 3 hour fire rated assembly, utilizing
the test results of CTL Test Report No. 1788E, Penetration Nos. 5 and 8, for penetrations with
conduit or pipe sleeves.

7. Voids or cracks 174" or less may be sealed with G. E. RTV 625 Silicone Sealant or approved
equal. - :

8. Volds or cracks larger than 1/4° may be sealed, as Indicated above, with 127 thick ceramic
fiber and coated with 1/8° mastic on both sides.

9. Unused openings above 254 sa. in. which do not contain penetrating items must also Includea -
1" non-combustible damming board on both sides to ensure structural integrity.

I11.2.G-173
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JESIGN @ DETAIL
22~ TINCR:ZTE
3 HOUR INTERNAL SLEZ SARRIIR
SEAL DETAIL FCR SING
VAXIMUM OPENIN _ PINETRATICNS IN TY?
SIZE NCT TO WITH CZRAMIC FI3ER, THERMAL 3CARD
SXCEZD OR MASTIC COATING
524 s2. IN. { WALL OR FLCOR CONFIGURATICN )

127 MINIMUM
THICKNESS CERAMIC
FIBER

MAXIMUM 5" DIA:
MZTAL
CONDUIT/SLEEVE 1/8 MINIMUM
THICKNESS VIMASCO
CABLE COATING OR
1" THICKNESS
NON~COMBUSTIBLE
DAMMING BOARD
(BOTH SIDES)

FILL SLEEVE WITH
CERAMIC FIBER TO
A MINIMUM OF 12"

PENETRATING ITEMS
(SEE NOTE 2)

CONDUIT SLEEVES
MAY EXTEND PAST
THE BARRIER
WITHOUT COATING
{SEE NOTE 1)

CONDUIT BUSHING
OR COUPLING WITH
CHASE NIPPLE

| Ceramic fiber thickness: Minimum 127 thick, with a minimum density of 9 ibs per cubic foot,
covered with 1/74” minimum thickness Vimasco cable coating, Flamastic 77 or 2pproved equal.

when | /8" cable coating is used, it shall be applied with a minimum 1° overlap around the
entire edge. In lieu of providing the 1/8" i..ckness of mastic coating, a I~ non-combustible
damming board may be used.

Lal

The number and types of penetrants and their locations may vary according to the following:
- ;raximum S° nominal metal conduit/sleeve with up to 40% cable fill.

4. A minimum distance of 172" should be maintalned between the penetrating item(s) and the
seal edge to allow for proper distribution of seal material. Free cables should be moved around
during installation to assure proper distribution of seal material.

S. For conduit sleeves that extend past the barrier and terminate in a cable pan, box, panel, etc,,
the internal 1/8° vimasco cable coating may be omitted.

& Design Detail C provides an equivalency for Details 2 and 5 identified on CECo Drawing
22E-0-3130, Sheet 1. .

Design Detafl C has been tested for the Installation as a 3 hour fire rated assembly, utilizing the
test results of CTL.Test Report No. 1788E, Pepetration No. S and U. L. Test NC601-3,
Penetration No. 7. .

~4

8. Volds or cracks 174 or less may be sealed with G. E. RTV 625 Silicone Sealant or approved
equal. : _
Volids or cracks larger than 1/4° may be sealed, as indicated above, with 127 thick ceramic
riber and coated with 1/8” mastic on both sides.
I11.2.G-175
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DESIGN @ DETAIL

CABLEZ TRAY FIRE BRIAK WITH CIRAMIC
( B - TI3ZIR AND MASTIC COATING
{ HCRIZONTAL OR VZRTICAL
CONFIGURATION )

127 MINTMUM
THICKNZISS C2PAMIC
TIZZR (XACWOOL,
CEZRAFIAER, OR
APPROVED EQUAL)

SQLID
NON-COMBUSTIBLE
SIDES AND BOTTOM
CABLE TRAY (32
IN. X 6 IN. MAX)

NON-COMBUSTIBLE
CABLE TRAY COVER
30LTED IN PLACE

1/8" MINIMUM
THICKNESS VIMASCO
CABLE COATING
(30TH SIDES)
MINIMUM 1"
_____________ OVERLAP AROUND
EINTIRE EDGE

MAXIMOM CABLE FILL,
40% (SEE NOTE 2)

| Ceramic Fiber thickness: Minimum 127 thick, with a minimum density of 9 Ibs per cubic foot,
__sered with 178~ minimum thickness Vimasco Cable Coating, Flamastic 77, or approved equal.

(!
2. The number and types of penetrants and their locations may vary according to the following:
- Maximum size cable tray may be 327 X 467 (192 sq. in.) with up to 40% cable fill.

I Free cables should be moved around during installation to assure proper distribution of seal
material. '

4. Design Detail D provides an equivalency for Detail 9 identified on CECo Drawing
22€-0-3130, Sheet I.

S. Design Detall D has been developed for the installation as a cable tray fire break assembly,
utilizing the results of CTL Test Report No. 1788E, Penetration No.S.
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Y NIAGARA
u MOHAWK

SMCS92-0884

NIAGARA MOHAWK POWER CORPORATION 301 PLANF-ELO ACAD SYRACUSE. N Y 13212/ TELEPHONE (315, 474-1511
September 16, 1992

Mc. David Kipley

ABB Impell Corporation

300 TriState International
Lincolnshire, Illinois 60069

subject: Underwriter's Laboratories Report on
Floor and Wall Penetration Fire Steps
File NC601-1,-2,-3,-4
November 17, 1980

Dear Dave:

Per our telephone conversation on September 11, 1992, you are
authorized to utilize the subject report for comparison purposes
in engineering activities for Commonwealth Edison Company. The
original test report with photos is in my possession should you
require enhanced details of any portion of the test.

while not a prerequisite for this authorization, Niagara Mohawk
Power Corporation would appreciate a copy (or brief synopsis) of
your comparison. Such an effort may be of benefit to us in
future documentation efforts. You should direct any such

information to my attention.
’}%é;;frulz yzurs,

Steven D. Einbinder
rite Prdtacticn - -Progrsa Hgr.

SDE:st
001259AG

- I11.2.G-179
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UNDERWRITERS LABORATORIES INC,

CHICAQD - MONTH SROOK. (Lo WELVILLE WY $aNTA ClaRa TaLY

—an independent, not-for-profit organizalon tesiing Jor pubiwc sarety

November 17, 1980

REPORT m ,
on
FLOOR AND WALL PENETRATION FIRE gonr

COPMEELA

Underwriters Laboratories Inc. authorizes the abovejn .
company to reproduce this Report provided it is rep

in its entirety.

s,

The issuance of this Report in no way implies Listing,
Classification, or other Recognition by UL and does not
authorize the use of UL Listing or Classification Marks
or any other reference to Underwriters Laboratories Inc.
on or in connection with the materials used in this
investigation.

Undervriters Laboratories Inc., {ts employees, or its agents
shall not be responsible to anyone for the use Or nonuse of

the information contained in this Report, and shall not incur

any obligation or liability for damages, including consequen-
tial danmages, arising out of or in connection with the use

of, or inability toc’ use, the information contained in this
Report. . - _
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o RO fsseds 1-i7-i

-~~:g Report describes a testing program which was unde;:aksg to
assess wne adejuacy of various canle and pipe penetratzion Z:ire
stops installed in concraete floor asgnmblxcs and zn_concretl anq
=masonry wall assemblies when tested in accordance with the appli-
cable provisions outlined for power-gensrating stations :ia IEEE
sxandard 634-1978 entizled "Standard Cable Penecration Fire 5top
nyalification ~est." The performance of thg cable penetration
£ize stops in each of the *our test assenblies was found to meet
requirements or 2 3 hr rvating in accordfnco with the criterla
soecified in IEEE 634-1978.

-ne IESE Standard §34-1978 does not address mcchanical service
senetrations such as pipe. Accordingly, the criteria of no :1190
bassagc during the fire endurance test and no water passage during
the hose stream test were imposed for the pigo psnetration girc
szops. The performance of the pipe pesnerration fire stops in
each of the four test assemblies was found to meet the imposed
requirements. -
]

111.2.G-181
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No. “escriotion
) Construczion details-Floor Assembly No. 1
2 ~ypical caole penetrailon fire stop installazion procedure
3 Canss-uction details-floor Assembly No. 1, Penetration No. 1
4 construczion details-Floor Assembly No. 1, Penetration No. 2
5 Construction details-Floor Assembly No. 1, Penecration No. 3
6 Construczion details-Floor Assembly No. 1, Penetration No. 4
7 Construction details-Floor Assembly No. 1, Penetration No. 5
8 construction details-Fleoor Assembly No. 1, Penetration No. 6
9 consctruction details-Floor Assembly No. 1, Penetration lo. 7
i0 Construction details-rloor Assenbly No. 1, Penetrazion No. 8
11 Construction details-Floor Assembly No. 1, Penetration ¥o. 9
12 Construction details-floor Assembly No. 1, Penetration No. 10
13 Construction details-Floor Assembly No. 1, Penstration Ho. 11
14 Construction details-Floor Assembly No. 1, Penetration No. 12.
15 Construction details-Floor Assembly No. 1, Penetration No. 13
16 Constructinn details-floor Assembly No. 1, Penetration No. 4
17 Construction details-Floor Assembly No. 1, Penetration No. 15
18 Construction details-Floor Assembly No. 1, Peanetration No. 16
19 Exposed surface before fire test, Floor Assembly No. 1
20 Unexposed surface before #ire test, Floor Assembly No. 1
21 Furnace temperature, Floor Assembly No. 1
22 Construction details-Floor Assembly No. 2
23 Construction details-Floor Assembly No. 2, Penstration No. 1l
24 Construction details-Floor Assembly No. 2, Penetration No. 2
25 Construction details-Floor Assembly No. 2, Penetration No. 3
26 Construction details-Floor Assembly No. 2, Penetration No. 4
27 Construction details-Ploor Assembly No. 2, Penetration No. §
28 Construction details-rloor Assembly No. 2, Penetertion No. 6
29 Construction details-rloor Assembly No. 2, Penetration No. 7
30 Construction details-Floor Assembly No. 2, Penetration No. 8
3l Construction details-Floor Assanbly No. 2, Penetration No. 9
32 Construction details-Floor Assenbly Wo. 2, Penetration No. 10
33 Construction details-Floor Assenbly Ko. 2, Penetration No. 11
34 Construction details-Ploor Assembly Ro. 2, Penetration No. 12
35 Construction details-Floor Assenbly No. 2, Penetration No. 13
36 Construction details-Floor Assenbly No. 2, Penetratlon Ko. 14
37 Construction details-rFloor Assembly Ko. 2, Penstration No. 13
18 Construction details-rloor Assembly No. 2, Penstration Ko. 1§
39 Exposed surface before fire test, Floor Asseably Wo. 2
40 Unexposed surface before fire test, Floor Assembly No. 2
41 Furnace temperatures, Floor Assembly No. 2

111.2.G-184



AMENDMENT 13
99-4025

Penetration Seal Assessment Revision O

December 17, 1999
Attachment B, Page 55 of 209

rage v Issced: ll-."-33
N, Tescription
42 Conssruczicn dezails-Wall Assembly No. 1
43 Canstrucsion details-wWall Assemoly No. 1, Penerration No. 1
4 ~-qszruction details-Wall Assembly No. 1, Penetracion No. 2
43 conszruction details-wall Assexdly No. 1, Penetratzion No. 3
46 ~snscruction details-Wall Assembly No. 1, Penetration No. 4
47 construction dezails-wWall Assembly No. 1, Penetration No. 5
48 conscruction dezails-wWall Assembly No. 1, Penetration No. 6
49 Constructzion details-Wall Assembly No. 1, Penetration No. 7
59 txposed surface before ¢ire test, Wall Assembly No. 1
Sl Cnexposed surface before fire test, Wall Assembly No. 1
52 furnace temperatures, Wall Assenbly No. 1
53 construction details-wWall Assembly No. 2
S4 construction details-HWall Assembly No. 2, Penetration No. 1
S5 Construction details-wWall Assembly No. 2, Penetration No. 2
56 canstruczion details~Wall Assembly No. 2, Penetration No. 3
57 Construction details-Wall Assexdly No. 2, Penatration No. 4
S8 Construction details-Wall Assenmbly No. 2, Penetration No. 5 .
€9 Construction details-Wall Assembly No. 2, Penetration No. 6
6V Construction details-Wall Assembly NoO. 2, Penetration dNo. 7
61 txposed surface before fire test, Wall Assembly No. 2
62 Unexposed surface before fire test, Wall Assembly No. 2
63 Furnace temperatures, Wall Assembly No. 2
64 Appearance of floor and wall assembly during hose stream tests
65 Appearance after fire and hose stream tests, Floor Assenbly No. I
66 Appearance after fire and hose stream tests, Floor Assembly No. 1
67 Appearance after fire and hose stream tests, Floor Assembly No. 1
68 Appearance after fire and hose stream tests, Floor Assembly No. 2
69 Appearance after fire and hose streanm tests, Floor Assembly No. 2
70 Appearance after fire and hose stream tests, Ploor Assembly No. 2
71 Appearance after fire and hose streanm tests, Floor Assembly No. r
72 Appearance ‘after fire and hose stream tests, Wall Assembly No. 1
73 Appearance after fire and hose stream tests, Wall Assenbly No. 1
74 Appearance after fire and hose stream tests, Wall Assembly No. 1
75 Appearance after fire and hose strean tests, Wall Assembly No. 1
76 Appearance after fire and hose stream tests, Wall Assembly No. 2
77 Appearance after fire and hose strean tests, Wall Assenbly No. 2
78 Appearance after fire and hose stream tests, wWall Assenbly Wo. 2
79 Appearance after fire and hose strean tests, Wall Assembly No.-2.
80 Appearance after fire and hose streanQtests, Wall Assenbly No. 2
81 Appearance after fire and hose stream tasts, Wall Assembly No. 2
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No Description

Al Reinforcement details fZor concrete £loor slab.

A2 -ocation and sizes of penetrations in concrete Iloor slad
31 Welded wall sleeve Zor Wall Assemblies 1 and 2

32 aeinforcement details for concrete wall inserc:s
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""""""" C ommELLAC

~ne sutiect cf this Report is the fire =est investcigation of
various canle and pipe penetration fire stops ins:aligz %9 n-
creze floors and in concrete and masonty walls, The :pogsgaf
-nis program was to evaluate the performance of these Zire stOps
when tesced in general accordance with the method outlined in
-crT 3zandard 634-1978 entitled *Standard Cable Penecration Fire
Scop Qualification Tesc.® Since mechanical service penetrations
such as pipe are not addressed in IEEE Standard 634-1978, the
crizeria of no flame passage during the fire endurance test and
no water passage during the hose strean test were imposed for
-he pipe penetration fire stops.

-he %est program consisted of constructing two concrete floor
assemblies and two concrete and masonry wall assemblies, each

of which was provided with various cable and pipe penetrations.
One fire stop system (cables, pipes, or cable trays and the
associated materials used to fill the opening) was installed -
in each through penetration. In addition to active penetrations,
spare or abandoned penetrations were included in three of the
“our test assemblies. The floor and wall assenmblias were then
subjected to fire exposure with the furnace temperatures con-
trolled in accordance with the standard Time-Temperature Curve

as described in IEEE 634~1978 (ASTM El19, UL 263, NFPA No. 251).

nuring each test, & positive pressure with respect to the atmos-
ohere wWas maintained within the furnace chamber. Texzperatures on
the unexposed side of each assembly were recorded. Inmediately
afrer fire exposure, a wvater spray stream hose strean test was
conducted in accordance with the provisions outlined for power-
generating stations in the Standard, IEEE 634-1978. For Wall
Assembly No. 1 only, the water spray stream hose stream test

was immediately followed by a second hose strean test conducted
in accordance with the provisions outlined for industrial and
commercial establishaents in the standard, IEEE 634-1978.

Information was obtained during construction with respect to the
compesition and physical properties of the materials used in each
assembly..
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MATIRIALS:S

()
1]
1"
o

s.ab

~-~e following is a descriptzion of the Raterials wsed in the .
assemdlies.

5.1,1 FLCOR ASSEIMBLY NO. !

roncrete Slab - The 12 in. (305 mm) thick reinforced concrete,
containlng various through penetrations was constructed as

described in Appendix A. The location and sizes of the various
through penetrations are shown in Appendix A, ILL. A2.

filler Siabs - Nominal 4 £¢, 8 in. (1.42 m) wide by 13 f¢t,

fal-etr s+o-~
g in. (4.17 m) long by 12 in. (305 mm) thick reinforced vermicu-

lize
open

were
by 6

concrete slabs were used to fill the remaining test frame

ings at the north and south sides of the concrete slab.

Szeel Suppor:ts - The concrete slab and the two filler slabs
supported at the east and west walls of the test frame Dy 6
by 1/2 in.. (152 by 152 by 12.7 mm) structural steel angles.

Pive - The 4 in. (102 mm) stesl Schedule 40 pipe used as a

mechanical service penerration in Penetration No. 11 was 33 in.
(838 mm) long with an outside diameter of 4.500 in. (114.3 mm)

and a wall thickness of 0.237 in. (6.02 mm). One end of the steel
pipe was sealed by a 6 by 6 by 1/4 in. (152 by 152 by 6.4 mm)
shick steel plate welded to the pipe.

Cable Trays = The nominal 24 in. (610 mm) wide open-ladder

cable trays used in Penetration No. 14 consisted of 5-1/4 in..

(133

nm) deep side rail members formed from 0.060 in. (1.52 mm)

thick galvanized steel with 1 in. (25.4 mn) deep by S/8 in.

(15.

9 mm) high box channel rungs formed from 0.060 in. (1.52 mm)

thick galvanized steel and spaced 9 in. (229 mm) on center. The
inside width of each cable tray, between side rail members, was

24 i

n. (610 ma). The loading depth of each cable tray was 4 in.

(102 mm). The cable trays vere supplied in nonminal 12 fr (3.66 m)
lengths. -~ -
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~a=les - The cable used in Penezraiisn Nos. . througr 9,
iqzlusive, and in Renezration Nos. 14, 13, and 16 was manufaczure?l

Sy General Tlecz=ric Company, 3ridgepor:, I7T and designazed Vulkene
s'amenol Conzrol Cable, 1000 v, 90 C. The zable had seven No. 12
AWG cogper conductsrs, each ol which consiszed of seven 0.830 in.
{2.76 am) diamezer strands. The conduc:or insulation was cross-
Linked polyethylene, the conductor wrap was mylar, the cable
facke: was polyvinyl chloride and the outside dianezer of the
cable was 0.705 in. (17.9 mm). Tach spool of cadle bore a nezal
tag imprinted with "79-101865."

~ne cable used in Penetration No. 13 was nanufactured by
aockbestos Co., New Haven, CT. ~ne cadle had three No. 12 AWG
copper conductors, each of which consiszed of seven 0.030 in.
(0.76 mm) diamecter szrands. The conducor insulation was cross-
'inked polyezhylene, the filler was szranded plastic, the con-
duczor and filler wrap was treated paper, the cable jacket vas
chlorosulphinated polysthylene {Bypalon), and the outside diameter
of =he cable was 0.450 in, (ll.4 mm). The cable jacket was marked
“12 AWG 3/C ROCKBESTOS \R) COPPER XL?PE 600 V XHHW TYPE TC (UL).
NJP-88 1977-7A94 7.° .

Cable And Cable T:ai Support RAcksS - The racks used on the
unexposed surliace TO support an secure the cables and cable trays
consisted of 2 by 2 by 1/4 in. (51 by S1 by 6.4 mm) thick steel
angles, 36 in. (914 mm) high, welded to nominal 4 by 5 by 1/4 in.
1102 by 127 by 6.4 mm) thick steel base plates and with 3 in.

{76 mm) wide by 1/4 in. {6.4 mm) thick steel plate cross members

velded to the top of the steel angles. The support rack for the

cable trays in Penetration No. 14 was additionally provided with

a 3 by 3 by 3/16 in. (76 by 76 by 4.8 mm) thick steel angle cross
~ember near its midheight.

Cable Ties - The cable ties used to secure the cables to the
support racks ard cable tray rungs werse 0.056 in. (l1.42 mm) diame-
cer galvanized steel wire.

Ceranic Piber - The loose alumina s{lica fiber material used
in penectration Ros. 1 through 9, inclusive, and in Penetration
los. 13 through 16, inclusive, was manufactured by Babcock &
Wilcox Company, Augusta, GA, and designated Kacwool Bulk A. The
fiber was supplied in cardboard cartons containing approximately .
50 1b (222.4 n) of product. The cartons were marked "P.R. 4229-
B-AF,” "P.R. 4229-C-J¥," and "8021 B-WA."
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~eramic Fiber 3lanket - ~~e unfaced zeramic fiber blunket
:sed 1a Penetrazion No- 11 was manufactured Dy 3abcock & Wilcox
Zoampany, AUGUST3dy 5A,.and designated "Raowool Needled Blanket,®
g8 pct (1.26 x il a/m”}) densizy. The blanket vas 1 in. (25.4 mm)
ehick, 24 in. (610 mm) wide, and was supplied in a 2% £= (7.62 )
tong roll. The carzon containing the blanket was rarked “PR9047388."

uagsic Coating - The mast=ic coating used on tle exposed
and unexposed sides of the test assembly was manufactured Dy
—hne Flamemaster Corporation, Sun valley, CA, and designated
"flamemascic 77.° -we mastic coating was supplied in 5 gal
(18.9 1) pails. The pails were marked wizh Serial Nos. 100068,
100073, and 100078,

Concrete - The concrete used in Penetration Nos. 10, 11,
and 12 was "Sakrete® brand gravel mix concrete supplied in 90 1lb
(400.4 n) bags. Per the directions on the bag, one gallon of
water was added for each bag of gravel mix concrete. ~he com- -
pressive strength and unit weight of the concrete at 28 days,
as determ.ned from two standard 6 by 12_in.. (152 by 305 mm )
cylinders, averagcd 4120 psi (2.84 x 10 n/m¢) and 149.4 pct
(2.35 x 10" n/m7), respectively.

Anchors - The anchors used in Penetration Nos. 10, 11, and
12 to mechanically secure the concrete f£ill in the pipe sleeves
were No. 3 deformed steel bars (ASTM A3é steel). The anchors
were 13 in. (330 mm) long with a 2 in. (51 ma) long, 90 deg bend
at one end. The other end of each anchor was bent into a hook,
in the opposing direction, to engage the 1ip of the floor sleeve.

5.1.2 FLOOR ASSEMBLY NO. 2

Floor All‘nbly No. 2 employed the previously fire tested
concrete slab, filler slabs, and stessl supports from rloor
ASl.mbly No. 1.

Pipe - The 4 in. (102 m) steel Schedule 40 pipe used as’a
mechanical service penetration in Penetration No. 10 was 60 in.
(1.52 m) long with an outside dianeter of 4.500 in., (114.3 mm)
and a wall thickness of 0.237 in. (6.02 ma). One end of tha steel
pipe was sealed by a 6 by 6 by 1/4 in. (152 by 152 by 6.4 pa)
thick steel plate welded to the pipe.
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~anie Trays - “he nominal 24 In. (£10 2a) wide open-ladder

te =cays used in—Tenetrazion No. .4 consisted of 4-i/4 1n.

nm) deep side rail members formed from 0.105 in. (2.67 mm)

3
ck galvan;zed.s:eel with 1.000 in. (25.4 mn) diameter
n.

[}
PR S KN )

ened-tucing Tungs formed from galvanized steel and spaced

(229 mm) on center., The inside width of each cable tray,
~ecveen side rail members, was 24 in., (610 mm). The loading
depth of each caple tray was 3 in. (76.2 mm). The caple trays,
~an:faczured by T. J. Cope Inc. of Collegeville, PA, and desig-
razed No. 3237-24SL-12-09 were supplied in nominal 12 £ (3.66 )
lengths.

O InIY -
'

Cables - The cable used in the various penetrations were
~anufactured by General tlectriec Company, Bridgeport, CT, and
designated Vulkene Flamnenol Control Cable, 1000 v, 90 C. The
cable had seven No. 12 AWG copper conductors, each of which
consiszed of seven 0.030 in. (0.76 mm) diameter strands. The
conductor insulation was cross-linked polyehtylene, the conductor
wrap was nmylar, the cable jacket was polyvinyl chloride, and the
outside diameter of the cable was 0.70% in. (17.9 mm). Each spool .
of cable bore a metal tag imprinted with “79-101865." .

Cable And Cable Tray Sufp
employed the same cable an
Assembly No. 1l.

oe- Racks - Floor Assenbly No. 2
e tray support racks from Floor

cable Ties - The cable ties used to secure the cables to the
support racks and cable tray rungs wvere 0.056 in. (l1.42 mm) dianme-
ser galvanized steel wire. .

Ceramic Fiber - The loose alumina silica fiber material used
in penetration Nos. 1 through 8, inclusive, and in Penetration
lios. 14, 15, and 16 was manufactured by Babcock & Wilcox Company,
Augusta, GA, and designated Kaowool Bulk A. The fiber was supplied
in cardboard cartons containing approximately 50 1b (222.4 n) of
product. The cartons were hand-marked "ONE 50 LB. BOX BULK A

57¢4."

Ceramic Fiber Blanket - The unfaced ceramic fiber blanket
used 1in Penetration NOS. T0 and 11 was manufactured by Babcock
& Wilcox Company, Augusta, 4GA, gnd designated "Kaowool Neeadlaed
Blanket," 8 pcf (1.26 x 10° n/m”) density. The blankets were ..
1 in. (25.4 mm) thick, 24 in. (610 ma) wide, and were supplied
in 25 £t (7.62 m) long rolls. The cartons containing the blankets

were marked *"PROOYACINH."
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uaszic Coating - The mastic coating used on tnhe exposed and
saexposed s:des of Penetration Nos. 1, 3, 5, 7, 10, 11, 14, 15,
and 16 was aanufaczured by The Flamemas:ter Corporazion, Sun
valley, CA, and designated "Flamemast:c 77.° The mastic coating
was sugplied in 5 gal (18.9 1) pails. The pails were marked wizd
serial Nos. 10068, 10073, and 10078,

-~ve maszic coating used on the exposed and unexposed sides
of Penetration Nos. 2, 4, 6, and 8 was manufactured by the Flane-
master Corporation, Sun valley, CA, and designated "Flamemaszic
71-A." The mastic coating was supplied in 5 gal (18.9 1) pails.
The pails werce marked with Serial No. 050170.

vermiculite Concrete - The verniculite concrete used in
Senezrazion Nos. J and TS consisted of six parts of vermiculite
aggregate to one patct portland cement, proportioned by volume,
nixed with water to form a thick slurrty.

5.1.3 WALL ASSEMBLY NO. 1 -

Concrete “1sarts - The nominal 12 in. (305 mm) thick re-
inforced concrete lnserts containing various size and type

penectrations were constructed as described in Appendix B.

Concrete Blocks - The concrete blocks were nominally 8 by
16 by 12 1n. (203 by 406 by 305 mm) thick, formed with two core
holes and having a minimum 1-1/2 in. (38.1 mm) face shell and a
1-3/16 in. (30.2 mm) ninimum web thickness.

8rick - The common clay bricks were nominally 2-1/2 by 8 by
4 in.”(63.5 by 203 by 102 mm) thick.

Mortar - The mortar consisted of three parts of clean sharp
sand to one part portland cement (proportioned by volume) and 15
perceant hydrated lime (by cement volume) mixed with water.

split Sleeve - The two-plece sleeve used for Penetration
No. 7 was 18 in. (457 mm) long with an inside diameter of 21 in.

(533 mnm) and a vall thickness of 0.250 in. (6.4 mm). The coupling
flanges/wall anchors were 6-in. (152 ma) wide by 18 {n. (457 m)
long. Each coupling flange was provided with two 9/16 in. (14.3 -
ma) diameter holes for bolt-attachaent of the tvo sleeve sections
with 1/2 in. (12.7 mm) diameter by 1-1/2 in. {38.1 mm) long steel
machine bolts with nuts.
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—echanical service penetration in Penezraz:on No. 7 was 30 in.
©562 mm) -oag wi=y an outside dianmezer of 18 in. {457 mm) and-a
wall thickness of 0.375 in. (9.53 mm). One end of the pipe was
sealed by an 18 by 18 by 1/4 in. (457 >y 4357 by 6.4 am) =hick
szeel plate weided to the'pipe.

D:ce - The 18 in. (457 am) steel Schedule ST sipe used as a
of 1

cable Travs - The nominal 24 in. (610 mm) wide open-ladder
cable c—rays used in Penetration No. 4 consiszed of S5-1/4 in.
{133 mm) deep side rail members formed from 0.060 in. (1.52 mm)
shick galvanized steel with 1 in. (25.4 mm) deep by 5/8 in.
{15.9 mm) high bdox channel rungs formed from 0.060 in, (1.52 nm)
shick galvanized steel and spaced § in. {229 mm) on center. The
iaside widch of each cable tray, between side rail members, was
24 in. (610 mm). ~he loading depth of each cable tray was 4 in,
(102 mm). The cable trays wers supplied in nominal 12 £t (3.66 m)
lengths.

Cables - The cable used in the various penetrations was
nanufactuced by General Electric Company, Bridqeport, CT, and .-
designated Vulkene Flamenol Contrcl Cable, 1000 v, 90 C. The
cau.s had seven No. 12 AWG copper conductors, each of which
consisted of seven 0.030 in. (0.76 mm) diameter strands. The
conductor insulation was cross-linked polyethylene, the con-
ductor wrap was mylar, the cable jacket was polyvinyl chloride,
and the outside diameter of the cable was 0.705 in. (17.9 mm).

Tach spool of cable bore a metal tag imprinted with ®79-101865.°

Cable And Cable Tray Support Racks - The racks used on the
exposad and unexposed sides tO support the cables and cable trays .
consisted of 2 by 2 by 1/4 in. (51 by 51 by 6.4 nm) thick steel
angles, 12 and 36 in. (30% and 914 mm) long, welded to noninal
4 by S by 1/4 in. (102 by 127 by 6.4 mm) thick steel base plates
and with 3 in. (76 mm) wide by 1/4 in. (6.4 mm) thick stesl plate
cross members welded to the stesl angles.

Ceramic Piber -~ The locse alumina silica fiber material used
in penetration Wos. 1, 2, 4, 5, and 6 vas manufactured by Babcock
& Wilcox Coupm{. Augusta, GA, and designated Kaowool Bulk A. The
siper was suppllied in cardboard cartons containing approximately
S0 1b (222.4 n) of product. The cartons were parked “P.R. 4228-C-
J.H.. -
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~aranic Fiber Blanket - The unfaced ceramiz fiber blanke:
:sed T Senecraz:on No., / was manufactured by 3abcecock & Wilcox
lonmpany, Augus:a3 5A,.and designated "Kaowool Needled Blanket,®
8 pcf {1.26 x 10° n/m”) density. The blanket was 1 in. (25.4 mm)
emick, 24 in. (610 mm) wide, and was supplied in a 25 I=
{7.62 m) long roll. The cartan containing the blanket vas
marked "DP.R. 4229-8-AF."

vastic Coating - The mastic coating used on the exposed and
qnerzposed sides of the test assembly was manufactured by The Flane-
-aster Zorporation, Sun Valley, CA, and designated "Flanemastic 77.°
—we mastic coating was supplied in 5 gal (18.9 1) pails. 7The pails
were marked wizh Serial No. 100078,

ceramic Board - The ceramic board used on the exposed and
unexposed surlaces of Penetration No. 5 was manufactured by
zabcock & Wilcox Company, Augusta, GA, and was supplied in nominal
24 by 36 by 1 in. (610 by 914_by 25.4 mm) thick sheets having a

density of 16 pct (2513.3 n/nmn7).

concrete - The concrete used in Penetration No. 3 was
"cakrece” orand gravel mix ‘concretes supplied in 90 1lb (400.4 n) -
bags. Per the directions on the bag, one gallon of water was
added for each bag of gravel mix concretas. The compressive
strength and unit weight of the concrete at 28 days, as deter-
mined from two standard 6 by712 ig. (152 by 305 mm) cylindcri,
averaged 4120 psi (2.84 x 10' n/m*) and 149.4 pcf (2.33 x 10
n/m°) respectively. ’

Anchors - The anchors used in Panetration No. 3 to mechan-
ically securs the concrete £i11 in the pipe sleeve were No. 3-
deformed steel bars (ASTM A36 steel). The anchors were 1l in.
(279 mm) long with a 2 in. (31 ma) long, 90 deg bend at one end.
The other end of each anchor was bent into a hook, in the opposing
direction, to engage the lip of the wall sleeve.

Cementitious Mixture - The cenentitious mixture applied to
the concrete blocks on the exposed surface consisted of a mixture
of MK-5 camentitious mixture (manufactured by zZonolite Construction
products, Cambridge, MA) and hydrated lime mixed with water. -
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T.I.4 WALL ASSIMBLY NO. 2

csncreze Slans - The nominal 12 in. (305 mm) thick reinforced
concrete s.abs conzaining various size and type Denetrations wvere
conszrilcted as described-in Appendix 3. The concrete slad used
€5- Penetration No. 4 was the same slab previously used in Wall
Asseadly No. 1. No concrete slab was used with the nominal 18 in,
1457 mm) diameter wall sleeve (Penecrazion No. 3). Inszead, the
s-eal sleeve was "bricked” in.

Concrete Blocks - The concrete blocks were nominally 8 by
16 by 8 tn. (203 oy 406 by 203 mn) thick, formed with two core
holes and having a minimum 1-1/4 in. (31.8 mm) face shell and
a l-1/16 in. (27.0 mm) minimum web thickness.

8riek - ~he common clay bricks were nominally 2-1/2 by 8 by
4 in. (67.5 by 203 by 102 mm) thick,

Morzar - The mortar consisted of three parts of clean sharp .

sand to one part Portland cerent (proportioned by volume) and 15 .
percent hydrated lime (by cement volune) rixed with water.

Spliz Sleeve - The same split-sleeve previously used for
PenetTation No. 7 in Wall Assembly No. 1 was used in the test
assenbly.

Pipe - The 18 in. (457 mm) steel Schedule ST pipe used as
a mechanical service penetration in Penetration No. 7 was 60 in.
{1.52 m) long with an outside diameter of 18 in. (457 mm) and a
wall thickness of 0.37% in. (9.53 mm). One end of the pipe was
sealed by an 18 in. (457 mm) diameter by 1/4 in. (6.4 mm) thick
steel plate welded to the pipe.

The 4 in. (102 ma) steel Schedule ST pipe used as a nechan-
ical service penetration in Penetration No. 3 was 60 in. (l.52 ®)
long with.an outside diameter of 4.500 in. (114 ma) and a wall
thickness of 0.237 in. (6.02 mm). One end of the pipe was sealed
by a 6 by 6 by 1/4 in. (152 by 152 by 6.4 ma) thi steel plate
welded to the pipe. .

The 2 in. (51 mm) steel Schedule ST pipe used as a mechanical
service penetration in Penetration No. 3 was 60 in. (1.52 m) long
with an outside dlameter of 2.375 in. (60 ma) and a wall thickness
of 0.154 in. (3.9 mm). One end of the pipe was sealed by & 3 by
3 by 4 in. (76 by 76 by 6.4 mm) thick steel plate welded to the

pipe.
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~we 1-1/4 in. (32 nm) steel Schedule ST pipe uysed as a
~echanical service penetration in Penezrazion No., 3 was 60 in.
{1.52 m) long wizh an outside diameter of 1.660 in. (42 mm) and
a wall thickness of 0.140 in. (3.6 mm). One end of zhe pipe was
sealed by a 2 by 2 by 174" in. (51 by S1 by 6.4 mm) thick steel
claze welded to the pipe.

~a5le Trays - The nominal 24 in. (610 mm) wide open-ladder
cable trays used in Penetration No. 4 consisted of 4-1/4 in.
(108 mm) deep side rail members formed £rom 0.105 in. (2.67 nn)
shick galvanized steel with 1.000 in. (25.4 mm) dianmeter
£1arrened-tuding rungs formed from galvanized steel and spaced
9 in. (229 mm) on center. The inside width of each cable tray,
wecween side rail members, was 24 in. {610 mm). The loading
depth of each caple tray was 3 in. (76.2 ma). The cable trays,
manufactured by 7. J. Cope Inc. of Collegeaville, PA and desig-
nated No. 3237-24SL-12-09 were supplied in nominal 12 ft (3.66 m)
lengths.

Cables - The cable used in the various penetrations was
aanufactured by General Electric Company, Bridgeport, CT and
designated Vulkene Control Cable, 600 v. The cable had twelve
No. 19/25 AWG copper conductors, each of which consisted of nine-
ceen 0.018 in. (0.46 mm) diameter strands. The conductor insula-
-ion was cross-linked polyethylene, the conduczor wrap was mylar,
rhe cable jacket was polyvinyl chloride, and the outside diameter
of the cable was 0.765 in. (19.4 mm). The cable jacket was marked
“GENERAL ELECTRIC VULKENE CONTROL CABLE 12 COND 19/25 AWG 600 V.*

Cable, Cable Tray, And Pi Support Racks - The racks used
on the exposed sides of Penetration Nos. 1, 3, 5, and € and on the
unexposed sides of Penetration Nos. 1, 2, 3, S, and 6 to support
the cables, cable trays, and pipes consisted of 2 by 2 by 1/4 in.
(S1 by S1 by 6.4 nm) thick steel angles, 12 and 36 in. {30% and
914 mm) long, welded to noninal 4 by 3 by 1/4 in. (102 by 127 by
6.4 mm) thick steel base plates and with 3 in. (76 mm) wide by
1/4 in. (6.4 mm) thick steel plate cross menmbers walded to the
steel angles. .

The pipe support on the unexposed side of Penetration No. 7
consisted of two 2 by 2 by .1/4 in. (351 by 51 by 6.4 ma) thick -
steel angles used as struts between the end of the pipe and the
sill of the test frame. NO support was provided for the pipe
on the exposed surface of Penatration No. 7 other than two small
stoel shims welded between the pipe and the split sleeve to main- —
tain concentricity of the pipe in the sleeve. -
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n =ne exccosed surface of Peretraticnh

~ie cable tray suppor: S0 the exscsed syrface oL Penetrazicon
4 was designed_tQ direc: the tzagizuadinal thermal exginsion
~-e exarted by the cable tray side rails toward the fire stOD
4uring the fire exposure. vominal 3/4 in. (19.1 mn) diametzer
a.vanized steel DlDe wizh 90 deg elbows, collars, and hose
daptors was assemnled to form a yoke around the ends of both
anle trays. Steel angles, 3 by 5 by 1/4 in. (76.2 by 127 by
.: am) zhick by 3 in. (76.2 mm) long were welded to the plpe at
«ne inzersection of the pipe and the cable tray side rails such
-hat no clearance was present pezween the restraining voke and
-ne cable tray side rails and such that zhe cable tray side rails
were supported. The galvanized steel pipe was additionally s:z:f-
caned to resist thrust DY clamping a 1 by 1 by 1l/8 in. (25.4 oy
25.4 by 3.2 mm) thick steel angle to the pipe with the *V"® of the
angle pointing toward the cable trays. The short runs of pipe
incerseczing the wall were wrapped with two wraps of ceramic fiber
mianket, During the fire exposure, cold water flowed through the
pize to prevent the restraining yoke from heating and expanding.

o () VD

ceramic Fiber - The loose alumina silica fiber material used
in Penetcrazion Nos. 1 through 6, inclusive, was manufactured by ~
gabcock & Wilcox Company, Augusta, GA, and designated Kaowool Bulk
A. The fiber was supplied in cardboard cartons containing approx-
imately 50 lb (222.4 n) of product. The cartons wvere marked “P.R.
7122-C-B.B."

Ceramic Fiber Blanket - The unfaced ceramic fiber blanket
used 1n Penetration No. / was manufactured by Babcock & Wilcox
Company ., Augusta3 GA,3and designated "Kaowool Needled Blanket,”

g pcf (1.26 x 10 n/n”) density. The blanket vas 1 in. (25.4 mm)
thick, 24 in. (610 mm) wide, and was supplied in a 25 ft {(7.62 m)

iong roll.

Mastic Coating - The mastic coating used on the exposed and
unexposed sides.of Penetration Nos. 1 and 6 was manufactured by
The Flamenaster Corporation, Sun Valley, CA, and designated "Flame-
mastic F71-A." The mastic coating was supplied in 5 gal (18.9 1)
pails. The pails were marked with Serial No. 050170.

The mastic coating used on the exposed and unexposed sides
of Penetration Nos. 2, 3. 4, and 5 vas manufactured by The Flame-
master Corporation, Sun Valley, CA, and designatdd *rlamemastic
F77.° The mastic coating was supplied in 5 gal (18.9 1) pails.
The palls were marked with Serial No. 100068.

Ceranic Board - The ceramic board used on the exposed and
unexposed surfaces of Penetration Ro. 5 was manufactured by -
Babcock & Wilcox Company, Augusta, GA, and was supplied in -
nominal 24 by 36 by 1 in. (610 by 914 by 25.4 ma) thick sheets
having a density of 16 pcf (2513.3 n/m7).
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5.2.1 FLOOR ASSEZMBLY NO. 1

e zest assembly was construczed in a test frame in accor-
dance wizh the methods specified by the suomit:er and as shown
iq To.. 1. The test assembly wvas consiructed by nembers of the
—echaical staff of Underwriters Laboracories Inc. under the super-

vision of =he engineering staff of Underwrizers Laboratories Inc.

--e reinforced concrete slab was constructed as described in
Appendix A. Because the concrete slab was cast on the floor, iz
was necessary o cut a 4 in. (102 mnm) section from the sleeve for
senetrazion No. 10 in order to install the sleeve with its top lip
£'ush wi=h the top surface of the concrete slab.

On the same day the reinforced concrete sladb was cast, gravel
mix concre:e and anchors were placed in Penetration No. 12. The -
anchors were hooked over the top lip of the steel sleeve such that
a 3 in. (76 mm) clearance was maintained between the bottom plane
of the 2 in. (51 mm) horizontal leg of the -~chor and the bottonm
clane of the sleeve. Four anchors were installed in the sleeve,
equally spaced around the perimeter. An 8 in. (203 rm) thickness
of gravel mix concrete was placed in the lowver porticn of the
sleeve and the concrete was tamped and finished to a smooth, flat
surface. The top plane of the concrete was 4 in. (102 mm) below
she top plane of the concrete floor and 8 in. (203 mm) below the
top lip of the sleeve, as shown in ILL. 14.

~he steel support angles were placed along the east and
vest walls of the test frame such that the top of the horizontal
leg was 12 in. (305 ma) below the top edges of the test frame.
Tleven days after it was cast, the reinforced concrete slab was
moved from the construction area and centered in the test frame
vith the ends of the slab bearing 4-1/2 {in. {114 mm) on the steel
support angles. On the same day that the slab was placed in the
test frame, the gravel mix concrete was installed in Penatration
Nos. 10 and 1ll.
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-~ panetration Mo. 10, Tne 4 ia. (102 mm) secticn < sieeve
+a§ continuousS~welZEd O tie casti-ln-D.ace s.eeve in its original
taza=isn. The anchors were hooked under the bottom lip 2% tre
s esve such znat a 3 ia. (76 mm) clearance was naintained between
=ne 299 piane of the 2 in. horizontal .leg and :he 0p plane of
-nme sleeve and concrete siab., Ffour anchors were installied in the
s.eeve, equally spaced around the perimter, and tack-welded to :ne
Sozzom lip and interior of the sleeve. A removable plywood Zorn
vas imserted in the sleeve with its top plane 8 in. (203 mn) odeiow
the top Dlane of the sleeve. Gravel mix concrete was placed in
=he opening, tamped, and finished to a smooth, flat surface £lush
wizh the z0p plane of the sleeve and concrete slab as shown in
vr.s. 12. The plywood form was removed from the sleeve two days
after =he gravel mix concrete was placed.

In Penetration No. ll, the anchors were hooked over the top
lip of the sleeve such that a 3 in. (76 mm) clearance was main-
sained between the bottom plane of the 2 in. (51 mm) horizonta®
teg and the bottom plane of the sleeve, Four anchors wvere in-
stalled in the sleeve, equally spaced around the perimeter. The
nominal 4 in. (102 mm) diameter pipe was installed in the center
of the sleeve opening with the bottom plane of its capped end
1ocated 12 in. (305 mm) below the bottom plane of the f£loor slab.
~he pipe was secured in place by two steel bars spanning the
sleeve opening and tack-welded to two sides of the pipe and to
the top lip of the slesve. The pipe was wrapped with two wraps
of ceramic fiber blanket, 12 in. (305 mm) wide, with the bottom
plane of the ceramic fiber blanket 4 in. below the bottom plane
of the floor slab. The blanket was held in position by two wraps
of No. 18 SWG galvanized steel wire. A removable plywood forn
was placed under the penetration, with its top plane flush with
<he underside of the concrete slab, and gravel mix concrete was
placed in the sleeve opening to a depth of 8 in. (203 mm), as
shown in ILL. 13. The plywood form was removed from beneath the
sleeve two days after the gravel mix concrete vas placed.

Reinforced vermiculite concrete filler slabs were installed
along the north and south sidas of the concrete slab to £ill the
remainder of the test frame opening. Mineral wool batts wers used
to £il1l the joints between the concrete slab and the filler slabs
and to £ill the openings betwesn the slabs and the test frame
walls around the periphery. Varmiculite concrete grout was applied
over the batt-filled joints on the unexposed surface.
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~ne cable and cahle tray SUpSdTiS Jare secured =0 Ine unex-
sosed sur-ace using 1/2 in. (12.7 == diamezer expansiln-type
Sasonry fasteners tnrough the base slates. The SuppoOrIs were
cenzered over Penecrazion Nos. 1 %hrough 9, inclusive, and
senetration Nos. 13, 15, and 16. The cable tray supporz for
Senezrazion No. 14 was offser from tne longizudinal centerline
2f zne penexration 0 allow for centering oZ tne catle zzays
in the pene::a:ion.

~wo 60 in. (1.52 m) lengzhs of cable ztray were inszalled in
senetration No. 14, centered in the penetratioan, and secured td
-ne cable tray supports with 174 in. (6.4 mm) diameter by 1 in.
125.4 mnm) iong steel bolts, with washers and nuts, through the
side rail flanges. “he cable trays wece posizioned with 12 in.
(305 mm) of tne ]jadder protruding Selow the botzom Dplane of the
2100t slabD.

Cables were installed in Penetration tlos. 1 through 9, in-
clusive, and in Penetration Nos. 13 through 16, inclusive. The
cables were secured to the cable tray rungs and cable supports
with cable ties. In Penetration No. 13, the cables were secured
to the cable suppa=t in groups of eighteen tO twenty-one. In the
remainder of the penotrations, the cables were secured to the
cable tray rungs or cable supports in groups of three of four.
cach cable wvas 60 in. (1.52 m) long and was installed such that
12 in. (305 mm) of the cable protruded beneath the bottom surface
of the floor and 36 in. (914 mm) extended above the top surface ol
the floor. The number-of cables used in each penetration varied
vith the size of the penetration, as shown in ILLS. 3 through 11,
inclusive, ILLS. 15 through 18, inclusive, and as summarized in
the following cable:

Penetration I.L. Number Cable Dianmeter, Percent
No. .No. 0f Cables In. (rm) Fill*
1 3 16 0.70% (17.9) 1.2
2 4 16 0.705 (17.9) 31.2
3 ) 18 0.70% (17.9) 31.2
4 é 16 0.70% (17.9) 31.2
S 7 16 0.70% (17.9) 31.2
6 - 8 16 - 0.705 (17.9) 31.2
7 9 le 0.70% (17.9) 31.2
8 10 16 0.70% (17.9) 31.2
9 11 16 0.705 (17.9) 31.2
13 . 15 495 _ 0.450 (11.4) 43.17
14 16 - 99/Tray 0.70S (17.9) 40.3/Tray
15 17 138 0.708 (17.9) 8.6
16 18 138 0.705 (17.9) 8.6
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« _ for Penevrmtien NO. 4, zhe perzent fill was sased o0
-we loading volunme oI tle caple =rays. Tor the Iemala-
1ng penezrations, tne percent fill was Sased on the
vol ume 0f zhe floor slabd penetrazion. Penetration
tios. 13, 15, ang 16 were intended %o simulate the
-ermination of cable trays above and below zthe floor
wiwn continuation of canles zhrough the £loor Denetra-
-ion. 3ased on the submitzer's proposed use of caole
rrays wizh a loading depth of 3 in. (76.2 nm), the
£51lowing cable tray percent £i1ls were simulated:

Simulated Cable Simulated
cenetrazion Nao. ~ray Configurazion Percent Fill

13 one 30 in. (762 mm) wide tzay 87.5/tzay

LS ~vo 24 in. (610 mm) wide trays 37.4/%ray

16 ~s0 24 in. (610 mm) wide trays 37.4/%tray

Af-er the cables were installed, loose ceranmic fiber was
installed in all penetrations except Penetration Nos. 10, 11,
and 12. First the cables in each penetration were spread apart .
and ceramic Ziber was inserted between cablas such that the cables
were separated from each other within the 12 in. depth of the
penetration. Next, ceramic fiber was placed in the penetration
<o complecely £ill the 12 in. (305 mm) depth at the density shown
in the following cable. Penetration Nos. 14, 15, and 16, it was
necessary to place removable plywood forms against the underside
of the floor to prevent the ceramic fiber from falling through when
the penetrations were £i1led from the top surface of the floovr. For
penetration Nos. 1 through 9, inclusive, and Penetration 13, no
forming was required on the underside of the floor. The ceramic
fiber was first pushed into the penetration fron the underside such
that the bottom portion of the penetration was f£{1led. The remainder
of the ceramic fiber for the penetrations was installed from the top
surface of tha floor. The anmount of ceramic giber used in each pene-
tration varied with the volume of the penetration and the volune
displaced by the penetrating cables, a3 shown in ILLS. 3 through 11,
inclusive, ILLS. 13 through 18, inclusive, and as summarized in the

following table:
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rage 1% ~gsoed: ll-.7-30
senezra- senstzafion Volume  AMSUNT s? Ceram:ic Faiber
-.3n -LL. Less Ca?lc Yolume, Zeramic TiDer, Densily.,
No. e, - I, (@) Zo(n} pcé {a/m”!?
1 3 163.2 ¢ .qlxlo_g) 9.65 (2.89) §.8 (1068.1)
2 4 165.2 {2.75x10_3) 0.65 (2.89) §.8 (:068.1)
3 S 165.2 (2.71x10_3) 0.65 (2.89) 6.8 (1068.1)
4 6 165.2 (2.7lx10_3) 0.65 (2.89) 6.8 (1068.1)
3 7 165.2 (2.71x10_3) 0.99 (4.40) 10.4 (1633.6)
& 8 165.2 (2.7lx10_3) 0.99 (4.40) 10.4 (1633.86)
7 9 165.2 (2.71x10_3) 0.99 (4.40) 10.4 (1633.6)
8 10 165.2 (2.7lx10_3) 0.99 (4.40) 10.4 (1633.6)
9 3l 165.2 (2.71110_2) 0.65 (2.89) 6.8 (l068.1)
13 13 1215.6 (l.99x10_l) .35 (23.80) 7.6 (1193.8)
14 t6 6560.4 (1.08x10_7) 29.15 (129.66) 7.7 (1209.5)
be-1 17 6841.6 (1.12110_1) 30.7% (136.78) 7.8 (1225.2)
16 18 6841.6 (1.12x10 7) 46.12 (205.14) 11.6 (1822.1)
After the ceramic fiber was installed, the mastic coating -

was brush-applied to the ceramic fiber and cables on the exposed
and unexposed surfaces of 2ll pcnctra:ions except Penetration
Nos. 10, 11, and 12. Several coats of mastic coating were appliea
to build-up to the final dry thickness. The cables were spread-
apart in order to coat each individual cable vwith mastic coating.
Because of the close proximity of the cables in the bundles, it
was not possible to coat all of the cables in the interior of

«qe bundles toO the desired thickness. However, each cable was
coated on all sides with mastic coating to an elevation of 12 in.
(305 mm) above and below the unexposed and exposed surfaces of
the floor slab, respectively. The exterior of each cable bundle
was coated to the desired thickness at jts interface with the
plane of the exposed and. unexposed surfaces of the ceramic fiber
£ill1. From thc_intcrtacc, the mastic coating vas tapered from
#ull thickness to a thickness of approximately 1/8 o 1/4 in.
(3.2 to 6.4 mm) at its termination at approximately the 12 in.
(305 mm) elevation above and below the unexposed and exposad
surfaces of the assembly. The mastic coating on the thirteen
penetrations with cables lapped approximately 1 in. (25.4 mm)

on the concrete surface around the periphery of each pcnotra:lon
on the exposed and unexposed- surfaces of the floor slab. The cut
end of each cable at the 36 in. (914 ma) elevation above the floor
was capped with a brush coat of mastic coating.
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age 17 Iss.ed LL-lT7=23
-~e mastic coating tYDe and average 3Ty ~astic coaTlng onisk-
-~ess for each penexrxion wizn caclies are snovWn on z..5. 3 =hroug:a
<1, inclus:ve, v-25. 1S through .8, inclysive, and arce sumnarized
:n tne follswWing cadle:
. Average DTY Average 2Oty
Tramemastic Thickness On -nickness On
senezraczion IlL. Coating txposed Surface, Cnexposed Surface,
No. No. Tvoe In. {mm) - : Zn. '‘'=mm)
1 3 F77 0.500 (12.7) 0.458 (11l.6)
2 4 £717 0.500 (12.7) 0.479 (12.2)
3 3 £717 0.396 (10.1) 0.521 (13.2)
4 6 17 0.396 (10.1) 0.500 (12.7)
5 7 F77 0.646 (16.4) 0.771 (19.6)
6 8 £17 0.542 (13.8) 0.688 (17.5)
7 9 F77 0.729 (18.5) 0.688 (17.5)
8 10 F717 0.667 (16.9) 0.667 (16.9)
9 11 £F17 0.453 (11.5) 0.563 (14.3)
13 15 £77 0.583 (l4.8) 0.844 (21.4)
14 16 F77 0.516 (13.1) 0.656 (16.7)
15 17 F77 0.547 (13.9) 0.550 (14.0) -
16 13 F77 0.672 (17.1) 0.200 (20.3)

~ne typical cable penetration fire stop installation tech-
nigue is depicted in ILL. 2. The appearance of the exposed and
unexposed sutfaces before the fire test is shown in ILLS. 19 and
20, respectively.

5.2.2 FLBOR ASSEMBLY NO. 2

~ne test assembly was constructed in a test frame in accor-
dance with the methods specified by the submitter and as shown
in ILL. 22. The test assenbly was constructed by members of the
cechnical staff of Underwriters Laboratories Inc. under the super-
vision of the angineering staff of Underwriters Laboratories Inc.

The same floor assembly used for Floor Test No. 1 was used
for rloor Test NHO. 2. To prepare for the construction, the under-
side of the floor slab was wire-brushed to remove loose concrete
from around the periphery of the floor penetrations. On the top
surface, the cable supports were renoved froa penetration Nos. 9
and 13, the cable tray supports for Penetration No. 14 were moved
to allow for centering of the shallowver cable trays in the pene=
tration, .and the anchors in pPenetration No. 12 were cut and re-
moved from the sleeve. With the excaption of Penetration Wo. 12,
all of the pcnotra:{bnl were cleaned to rsmove all material fron
the first fire test.
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emovable plywood 9IS werse slaced agains: the undersile
¢ «ne floor slab beneatzh Penezzact:an Nos. 3 and 13 and zozn
e-e-r-azions were completely £i1.ed wizh vermiculicze conciete.

e tlywood forns were temoved two days after tne varmiculite
concrete was placed.

-4 penetration W¥o. 11, a £31) zoll [24 in. (610 mm) wide

€: (7.62 m) long} ot ceramic fiber tlanke: was compressed
.a an aluminum £0il/vinyl scrim wrap and the compressed roll was
inserzed :in the floor sleeve. Afzer the roll was inserted, :he
aluninum foil/vinyl scrim wrap was pulied from the sleeve, al_ow-
ing the ceramic siber blanke:z to lock itiselZ inside zhe sleeve =y
£-iction. The excess blanket above and below the floor was cut
£1ysh wizh the lips of the sleeve, as shown in ILL. 313, Loose
ceramic £iber was stuffed into the center of the rolled blanket
and at the end of the blanket at the sleeve wall to completely
£{11 all voids in the sleeve opening. A total of 16.2 1lb (72.06 n)
of ceramic fiber blanket and 0.1 15 (0.44 n) of loose ceranic
fiber was used in the sleave op!ning to provide an average £4i11l
densizy of 7.53 pef (1182.8 n/m”). The ceramic fiber blanket

was coated with Flamemastic F77 mastic coating at the exposed

and unexposed surfaces of the assembly. The average dry coating

thizkness on both the exposed and unexposed sides was 0.250 in.
(6.4 mm).

ror Penetration No. 10, the nominal 4 in. (102 mm) pipe was
wrapped with four wraps of the 24 in. (610 mm) wide ceramic fiber
wlanket, with the wraps secured by short pisces of paper masking
rape, and the pipe was suspended in the sleeve opening with the
hotzom plane of its capped end located 12 in. (305 mm) below the
bottom plane of the sleeve. The pipe centerline was offset
2-3/8 in. (60.3 mm) from the sleeve centerline such that the
ceramic fiber blanket wrap was in contact with the inside of
the sleeve wall.  The pipe was suspended in the sleeve opening
by a nominal 1 in. (25.4 ma) diameter steel rod inserted through
holes drilled near the top of the pipe such that the pipe was free
to pivot. The remainder of the sleeve opening was filled with
ceramic fiber blanket, inserted vertically, as shown in ILL. 32.
All voids in the penetration not filled by the ceramic fiber blan-
xet were stuffed with loose ceramic fiber. The ceramic fiber blan-
ket was cut flush with the top and bottom lips of the sleeve. A
total of 17.7 1b (78473 n) of ceramic fiber blanket and 1.8 1b
(8.01 n) of loose ceramic ¢iber was used in the sleeve Ope ing )
to provide an averag £i11 density of 9.67 pcf {1519.0 n/&").
The ceramic fiber blanket was coated with Flamemastic r77 mastic
coating at the exposad and unexposed surfaces of the assembly.
Al in. (25.4 mm) clearance was maintained between the mastic
coating and the 4 in. (102 na) pipe to allow lateral novenent -
of the pipe within the sleeve. The average dry coating thick- -
ness on both the exposad and unexposed surfaces was 0.2%50 in.
(6.4 mm).
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Fage 193 Isssed: Ll-.7-20
~o 60 in. (1.52 @) rangzhs of catle =ray were installed in
senezrazion No. 14, cencered in tne penetIratidn, and sec:ved 1z

e,

--e cable TTay sujporsy with /4 0.

1§.4 =m) diamezer DY 1 in.

£25.4 mm) iong steel nolss, wizh washers and nuts, zhrough the

s:de rail Zlanges.

~he cable trays were positioned wizh 12 in.

1305 =m) of the tadder protruding below she bottom plane of the

£loor siab.

~ables were installed in penetration Nos. 1 zhrough 8, in-
clisive, and in senezrazion NHos. 14 through 16, inclusive. . The

cables were secured to the cable tray rungs and cable

in groups of three of four cables, with cable ties.

supporss,
tach cable -

was 60 in. (l.32 m) long and was installed such that 12 in.

(305 mm) of the cable protruded neneath the bottom 3
-=e floor and 36 in. (914 mm) extended above the top. su

urface of
rface of

cne f£i00T. The number of cables used in each penetration varied

wizh the size of the penectration, as shown in ILLS.

23 through 30,

inclusive, ILLS. 16 through 18, inclusive, and as sumnparized in

the following table:

Cable Diameter,

Penetration I.L. Nunber Percent -
No. NoO. 0f Cables In. (mm) rill® )
1 23 1 0.705 (17.9) 29
2 24 1 0.705 (17.9) 2.0
3 25 16 0.70% (17.9) 31.2
4 26 16 0.705 (17.9) 31.2
) 27 1 0.70% (17.9) 2.0
6 28 1 0.705 (17.9) 2.0
7 29 16 0.705 (17.9) 31.2
8 30 16 0.705 (17.9) 31.2
14 36 55/Tray 0.705 (17.9) 29.8/Tray

15 37 113 0.70% (17.9) 7.1
16 38 113 0.705 (17.9) 7.1

« . For Penetration No. 14, the percent £411 was based on
the loading volume of the cable trays. For the remain-
ing panetrations, the percent £i11 was based on the

volume of the floor slab penetration.
Nos. 15, and 16 were intended to simulate

Penetration
the tec-

nination of cable trays above and bealow the floor

with continuation of cables through the £
tration, Based on the subaitter's propose
cable trays with & loading depth of 3 in.
the following cable tray percent fills we

Simulated Cable

penetration No. " rray Configuration

loor pene-

4 use of -
(76-2 ﬂ-)l

re simulated:

simulated —
Pecrcent Pill .

15 ~o 24 in. (610 mm) wide trays
16 Tvo 24 in. (610 mm) wide trays

30.6/cray
3006/!:.Y
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Faze I3 T Tssced: ll-l7-32
sfzer the cables weTe i~g-a.led, .ocse ceramic Iiber was
-al.ed in all penetratlons excedt Pene=raziza Nos. 9, 23, i,

3

, and 13. i -gr the cables in each penetrat.on wvere spread
ar- and ceramac £iner was inserzed Detween canles such that
e cables were separated from each otner wizhin the 12 in.
¢5 mm) depth of zhe penezrazion. Next, ceramic fiber was Dlaced.
i~ =he penetzration to completely fill the 12 in. (305 mm) deptn at
the targe: density shown in the following table., For Penetration
Nos. 14, 15, and 16, i= was necessary to place removable plywood
£5rms agains:t tnhe underside of the floor to prevent the ceramic
ciner from falling through when the penetrations were filled £from
-he top suriace of the floor. FoOT Penetration Nos. 1 through 8,
iaclusive, no forming was required on the underside of the floor.
—re ceramic fiber was ¢irst pushed into the penetration from the
anderside such that the botton portion of the penetration was
£i1'ed. The remainder of the ceramic fiber f£5r the penetrations
was installed from the top surface of the floor. The amount of
ceramic fiber used in each penetration varied with the volune

of the penetration and the volune displaced by the penetrating
cables, as shown in ILLS. 23 through 30, inclusive, ILLS. 36

~hrough 38, inclusive, and as summarized in the following table:

per e~ gt W
wirty

Penetra- . Penetration Volume Amount Of Ceramic Fiber
tion T.L. Lass nglc golumc, Ceramic Fiber, Dansity,
No. No. In.” (m7) Lo{n) pcf (n/m”)
1 23 235.4 (3.86x1003) 0.80 (3.56) 5.9 (926.8)
2 24 235.4 (3.86x10_3) 0.80 (3.56) 5.9 (926.8)
3 25 165.2 (2.71x10_4) 6.49 (2.18) 5.1 (801.1)
4 26 165.2 (2.71x10_3) 0.49 (2.18) 5.1 (801.1)
5 27 235.4 (3.86x10_3) 0.53 (2.36) 3.9 (612.6)
6 28 235.4 (3.86x10_3) 0.5%3 (2.136) 3.9 (612.6)
7 29 165.2 (2.71x10_3) 0.33 (1.47) 3.5 (549.8)
8 30 165.2 (2.71x10_3) 0.33 (1.47) 3.5 (549.8)
14 36 6972.7 (l.14x10_y) 23.77 (105.73) 5.9 (926.8)
15 37 69%8.7 (1.14x10_3) 23.71 (105.46) 5.9 (926.8)
16 38 69%8.7 (1.14x107 ") 15.80 (70.28) 3.9 (612.6)
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Fage 1. -gsued: Ll-l"-%

- =he ceramic fiber was i~g=alled, zne masiic £CaTing was
lied to th¥& Zeramlc €.ner and cac.es Tn Ine exposed and
zaexzcsed s.des of all penezrations excepsz Penecration Nos. %, 12,
and 13, several.light coats of mastic ccating were applied to
ssi1l.é-Up 0 tae £.nal dry thickness. T-e cab.es were spread
azar:z % order to coat each individual cable with oastic coazing.
zazause of the close proximizy of the cadbles in the nundles, iz
cas not possible €O coat all of the cables in the inwerior of zhe
aundles o the desirzed thickness. However, each cabie was coated
o~ all sides with mastic coating to 12 in. (305 mm) above and
Lelow =he unexposed and exposed surfaces of the floor slab. The
exzerior of each cable bundle was coated to the desired thickness
az its inzerface with the plane of the exposad and unexposed sur-
faces of the ceramic fiber £il1. From the intarface, the mastic
coazing was vapered from full thickness 0 & thin brush coat at
i-g zermination at approximatcly 12 in. (305 mm) above and below
-ne unexposed and exposed surfaces of the assembly. The nastic
coasing on the ponec:ations with cables lapped approximntoly_l in.
(25.4 mm) on the concrete surface around the periphery of each
pene::a:ion on the exposed and unexposed surfaces of the floor
slad. The unexposed side end of each cable was capped with a

Srush coat of mastic coating.

-~e mastic coating type and average dry mastic coating
ehickness for each poncttation with cablas arse shown on ILLS. 23
e%rough 30, ILLS. 16 through 38, and ate summarized in the fol-
*owing table:

Average DTy Average Dry
Flamemastic Thickness On Thickness On
penezration ILL. Coating Exposed Surface, Unexposed surface,

Na. NO. TYP® In. {mm) In. (mm)

1 23 r717 0.271 (6.8) 0.229 (5.8)

2 24 - r7l-A 0.229 (5.8) 0.229 (5.8)

3 25 r? 0.25%0 (6.4) 0.229 (5.8)

4 26 r7l=-A 0.250 (6.4) 0.250 (6.4)

S 27 r1? 0.229 (5.8) 0.229 (5.8)

6 23 ril-a 0.250 (6.4) 0.250 (6.4)

7 29 r7? 0.271 (6.8) 0.271 (6.8)

8 - 30 F1l=-A _0.230 (6.4) 0.271 (6.8)

Y | .36 r7? 0.307 (7.8) 0.302 (7.7) -
15 37 F11 0.263 (6.7) 0.256 (6.3)

16 38 r17 0.244 (6.2) 0.288 (7.3)

The aéponrancc of the exposed and unexposed surfaces before
the fire test is shown in ILLS. 39 and 40, rnspcctivcly.
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Fage 12 “ssoed:  L.L-LT=%l

-

L2.3  WALL ASSEIMBLY NC. :

-ne zest assenbly was conscriuczed in & test Zrame in accor-
dance wizh the mezhods specified by tihe sudmitier and as shown
tq 1L, 42. The test assenbly was conssriczed by menbers of zIhe
cechnical szaff of =nderwriters Laboratories Inc. under the super-
vision of the engineering szaff of Underwriters Labcratories tac.

~-e reinforced concrete wvall inser=s with through penetra-
-~izsns were conssructed as described in Appendix B. On *he sane
Zay the concrete wall inserts were poured, gravel mix concrete
and anchors we placed in Penetrazion No. 3. Two anchors were in-=.
s-alled in each end of the sleeve, with the anchors on each end
0f =he sleeve opposed 180 deg from each other and opposed 30 deg
£esm the anchors at the opposite end of the sleeve. The anchors
vere hooked over the lip 0% the sleeve and tack-welded to the lip
and inside of the sleeve wall such that 2a 9 in. (229 mm) clearance -
was maintained belween the 2 in. (51 mm) leg of the anchor and the
opposize lip of the sleeve. A removable plywood form was placed
inside the sleeve and the center 8 in. {203 mm) of the slesve was
4i11ed wizh gravel mix concrete, tamped, and finished to a smooth,”
£2a¢ surface, as shown in ILL. 45.

cach course of concrete blocks was set in a bed of mortar
wizh mortared joints. —ne reinforced concrete wall inserts with
through penetrations were set in a bed of mortar atop courses of
block. The split sleesve used for Panetration No. 7 was bricked
into the wall.

For Penetration No. 7, the 18 in. (457 na) pipe was wrapped
with t=wo wraps of 24 in. (610 mn) wide ceramic fiber blanket and
the two sections of’the split sleeve were placed around the ce-
ramic fiber blanket wrap. ~he two sections of the split sleeve
vere then drawvn togothor'by_tightcning the four bolts, thereby
compressing the noninal 2 in. (51 ma) thickness of ceramic fiber
blanket to a thickness of 1-1/2 in. (38 nm), as shown in ILL. 49.
e 18 Ln. (437 =ma) pipe with ceramic fiber blanket wrap was in-
stalled in the split sleeve before the split sloeve was bricked
into the wall. The capped end of the 18 in. (457 ma) dlameter
pipe protruded 12 in. (30% mm) froam the exposed surface of the
wall assembly.

The cable and cable tray support racks wvere secured to the
exposed and unexposed surfaces of the wall using 1/2 in. (12.7 =m)
diameter expansion-type masonry fasteners through the base plates.
he support racks for Penetration Nos. 1, 2, s, and 6 were orient-
ed with their bearing surfaces even with the bottoa plane of the -
cable penetration. The cable tray support rack for Penetration . -~
No. 4 was offset from the longitudinal centerline of the penetra=
tion to allow centaring of the cable trays in the penetration.
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-~ penetration No. 5, two 7 Sy 35 in. (179 by 314 =m) and
-wo 12 oy 36 in. {305 DYy 914 mn) sieces of ceramic fiber ooard
were installed on each side of the wall. The bottom 7 by 36 in,
{279 by 924 mn).piece and botn 12 dy 36 ia. (305 by 914 mn) pieces
were each provided with a 3 by 24 ia. (76 by 610 am) notch cen-
sered in their top edge., The boards were sandwiched bexween the .
zorcrece and 3 in. (76 mm) vide steel plates around the perimezer
cf zhe through penetzation and were secured in place DYy 1/4 in.
(6.4 mm) diameter expansion-type RasonIy fasteners through the
sceel plates, a3 shown in ILL. 47.

™o 60 in. (1.52 m) lengths of cable tray were installed in
penetrazion No. 4, centered in the penetration, and secured to
<we cable tray support rack, on the unexposed surface only, with
-ack-welds through the side rtail flanges. The cable trays were
posizioned with 12 in. (305 mm) of the ladder protruding beyond
+he exposed surlace of the wall.

Cables were installed in penetration Nos. 1, 2, 4, s, and 6.
zach caole was 60 in. (1.52 m) long and was installed such that .
12 in. (305 mm) of the cable protruded beyond the exposed surface
of the wall. The nurber of cables used in each penetration varied
wita the size of the penetration, as shown in ILLS. 43, 44, 46,
47, and 48 and as summarizéd {n the following table:

Penetration ILL. Number Cable Diameter, Percent
No. No. Of Cablas In. (zm) Fill®
1 43 s9 0.70%5 (17.9) 39.2
2 44 59 0.705 (17.9) 39.2
4 46 . 99/Tray 0.708 (17.9) 40.3/Tray
S 47 59/Slot 0.70% {17.9) 32.0
6 48 16 0.708 (17.9) 31.2

* . For Benetration No. 4, the percent fill was based on
the loading voluae of the cable trays. Fov Penetration
No. S, the percent fill was based on the loading volunme
of the three 3 by 24 in. (76 by 610 mm) slots. ror the
resaining penetrations, the percent f£ill vas based on
the voluae of the wall penatration. ’
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Afcer the cables wers i~gsca.-ed, .ccse ceramic fiter was
-azcalzed in all peneTraTiTnS exIept Sanezrazion Nos. 3 and 7.
r.rgz, twhe cables in each senezracicn werse scread asar: 2ad
ceramic f.ber vas—inser-ed between cacles such that tne caples
sere separated from each ozher wizain the depth of the pene-
--a=ign. sexT, -Ddose ceramic £iver was slaced in the Denetrazion,
£ v

«-5m both sides of the wall, =0 completely fill the depth at ihe
dersity shown in the Zollowing saple. The amount of ceramic Iibder
2sed in each cenetration varied with the volume of the penetraiion
and the volume displaced by the penetrating cables, as shown :n
--15, 43, 44, 46, 47, and 48 and as summarized in the following
zable:

venezration Volume Anount Of Ceramic Fiber
Denetra- ILL. lLess Ca?lc golumc, Ceramic Fiber, Densitcy,
No. No. In.” (m7) tLb(n) ocf (n/m”)
1 43 739.8 (1.21x10°2) 4.07 (18.10) 9.5 (1492.2) )
2 44 739.8 (1.21:10_1) 4.07 (18.10) 9.5 (1492.2)
4 46 6560.4 (1.08x10_7) 27.55 (122.54) 7.3 (1146.7)
5 47 9970.8 (1.63!10_3) 44.90 (199.72) 7.8 (1225.2)
6 48 165.2 (2.71x10 ™) 0.65 (2.89) 6.8 (1068.1) -

After the ceramic fiber was installed, the mastic coating was
wrush-applied to the ceramic fiber and cables on the exposed and
unexposed surfaces of all penetrations except Penetration Nos. 3
and 7. Several coats of mastic coating were applied to build=-up
o the final dry thickness. The cables were spread apart in order
ro coat each individual cable with mastic coating. Because of the
close proximity of the cables in the bundles, it was not possible
to coat all of the cables {n the interior of the bundles to the
desired thickness. Howvever, each cable was coated on all sides
with mastic coating from the wall to approximately 12 in. (305 mm)
beyond the wall on the exposed and unexposed surfaces. The
exterior of each cable bundle was coated to the desired thickness
at its interface with the plane of the exposed and unexposed
surfaces of the ceramic fiber £411. From the interface, the mastic
coating was tapered froam ¢ull thickness to a thin brush coat at
its termination approximately 12 in. (305 mm) beyond the unexposed
and exposed surfaces of the assenbly. The mastic coating on the
penetrations with cables lapped approximately l in. (25.4 ma) on
the concrete surface around the periphery of each penetration on
the exposed and unexpased surfaces of the wall. The unexposed
side end of each cable was capped with a brush coat of mastic T
coating. For Penetration Nos. 1 and 2, the 6 in. (152 ma) length
of the welded wall sleeve which protruded from the unexposed and
exposed surfaces of the wall, respectively, was also coated with
mastic coating. For Penetration No. S, the steel plates and bolts
around the pariphery of the ceramic fiber boards and the joints -
between the ceramic fiber boards were coated with mastic coating
in addition to the mastic coating applied to the cables and
exposed ceramic fiber in the three slots. 111.2.G-210
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-~e nmastic coating t¥se and average 2ry mas:iic coating Initk-
~ess fsc each penezraticn witn cac.es are snown on IL1S. 43, 44,
25, 47, and 48 and are summari.zed :a tne following tasie:
Average JTY Average DTy
Tlamenmastic Thickness On ~wickness On
senecration ILL. Coating txposed Surface, “nexposed Surface,
No. No. ™/oe In. (=) In. fam)
b 43 £77 0.234 (3.9 0.219 (5.6)
2 44 F77 0.219 (5.6) 0.219 (5.6)
4 46 £77 0.234 (5.9) 0.211 (5.4)
5 47 F77 0.244 (6.2) 0.263 (6.7)
6 48 F77 0.229 (5.8) 0.250 (6.4)

Cementizious mixture was trowel-applied to the concrete
rlocks, to a thickness of aporoximately 1/4 in. (6.4 mm), on
the exposed surface of the assembly only. Cementizious mixzure
was not applied on the concrets wall inserts.

~he appearance of the exposed and unexposed surlaces before -
the fire zest is shown in ILLS. 50 and 51, respectively.

§.2.4 WALL ASSEMBLY NO. 2

~~e test assembly was constructed in a test frame in accor-
. dance with the methods specified by the submitter and as shown
in ILL. 53. The test assembly was constructed by nembers of the
rechnical staff of Underwriters Laboratories Inc. under the super-
vision of the engineering staff of Underwriters Laboratories Inc.

The reainforced concrete wall inserts with through pene-
rrations were constructed as described in Appendix B. Tror
Penetration No. 13, the reinforced concrete wall insert containing
the 18 in. (457 ma) diameter slesve was not in a useable condition
following its use in Wall Test No. 1. Instead, the sleeve was
*sricked® into the wall assenbly. For Penetration No. 4, the sanma
reinforced concrete wall insert used for Wall Test No. 1 was used
for Wall Test ¥o. 2. ror Penetration Ro. 7, the sane split-sleeve
used for Wall Test XNo. 1 was used for Wall Test No. 2. To prepare
for the construction, the concrete was removed from the interior
and exterior of the sleeve for Penetration No. 3 and new anchor
plates were velded to the exterior of the sleeve to replace the
old anchor plates. For Penetration Wo. 4, the exposed surface of
the concrete was wire-brushed to remove loose concrete from around
the periphery of the penetration and the penetration wvas cleaned
to remove all material from the first fire test. For Penetration -
No. 7, the mortar was removed from the exterior of each sleeve -
half and the interior of each sleeve half was cleaned to renmove
all material from the first wall test,
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cach course of Sricks and concrete tiocks was set i 2 ced ¢
~o--ar wizh mortared loints. ~ne wall inserzs were se:z .0 a ded <
~5rzar atoD =ne masonry courses, The sleeve fOr Penecrazion YNo.
amd the spiiz s.eeve I3r senetration No. 7 were dbricked 1nto e

wa.l.

whih I A

Ffar penezzation No. 7, the 18 in. (457 mm) pipe was wrapped
wis=n =wo wraps of 24 in., (610 m3) wide ceramic Ziber 5lanke:z and
.we two sections of the split sleeve were placed around the ceram-
iz finer blanket wrap. -he two sections of the split sleeve veté
-nhen drawn togezher by tightening +he four bolzs, thereby com- ’
cressing the nominal 2 in. (51 mm) thickness of ceramic fiber
blanket =0 a thickness of 1-1/2 in. (38 mm), as shown in ILL. 60.
~ne 18 in. (457 mm) pipe with ceramic fiber wrap was installed
in zhe split sleeve vefore the split sleeve was bricked into the
wall. The capped end of the pipe was 12 in. (30% =m) from the
exposed surface of the wall assembly. The open end of the pipe
wvas 36 in. (914 mm) from “he unexposed surface of the wall
assembly and was supported, near the end, by two struts welded *
o the pipe end and to the sill of the test Zframe.

~we cable, cable tray, and pipe support racks were secured
s zhe exposed and unexposed surfaces of the wall using 1/2 in.
(12.7 mm) diameter expansion-type masonty fasteners through the
nase plates. The support racks for Penatration Nos. 1, 2, 5,
and 6 were oriented with their bearing surfaces even with the
not-om plane of the cable penetration. The cable tray support
rack and the water-cooled restraining yoke for penetration No. 4
vere offset from the longitudinal centerline of the penetration
ro allow centering of the cable trays in the penatration. The
pipe support racks for Penetration No. 3 vere offset from the
centerline of the sleeve to allow centering of the 4 in., (102 mm)
pipe in the sleeve opening.
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Jaze . Tssued: Ll-lT-%

- Penetration No. 3, The & in., 112 =W} Zlpe was cenzered
-~ the s_.eeve opening with iIs capped end 1Z in. (305 mm) lrsa “ve
xposed surface of the vall assemply. The 1-1/4 :in. (31.8 mm) and
in., (5! mm)} pipes were installed =n eizher side of tne 4 in.

~ N o

it 0 Cn
AN AN A

r102 nm) pipe with whe capped end of each cipe 12 in. (305 mm)

am the exposed surface of the wvall assemply. The three pipes

-e each secured to’the unexposed surface support rack wizh a

eel bol:z cassing through noles drilled through the pipe near
weir open end, tqereby allowing each pipe o pivot tateraily.
-sose ceramic fiber was packed inzo the s_eeve opening, Zrom both
sides of the wall, to £i1]1 zhe center 8 in. of the sleeve depin,
as shown in ILL. 56. A total of 7.80 1b (34.69 n) of loose ceran-
i~ €iber was used in the sleev! opening to provide an avearage £il1

densizy of 7.9 pcf (1240.9 n/m”). The ceramic fiber was coated
with Tiramemaszic F77 mastic coating on both the exposed and unex-
posed surfaces. A 1 in. {25.4 am) clearance vas maintained between
~ne mastic coating and each of the three pipes on the exposed and
unexposed surfaces of the assembly to allow lateral movement oOf
zhe pipe within the sleeve. The average dry coating thickness on
soth the exposed and unexposed surfaces was 0.250 in. (6.4 mm).

for Penetration No. 5, two 7 by 36 in. (179 by 914 mm) and

two 12 by 36 in. (305 by 914 mm) pieces of ceramic fiber board
were installed on each side of the wall. The bottom 7 by 3€ ..
{179 by 914 mm) piece and both 12 by 36 in. (305 by 914 mm) pieces

_ were each provided with a 3 by 24 in. (76 by 610 nm) notch cen-
-ered in their top edge. e boards were sandwiched between the
concrete and 3 in. (76 mm) wide steel plates around the perimeter
of the through penetration and were secured in place by 1/2 in.
(12.7 mm) diameter expansion-type masonty sasteners through the
steel plates, as shown in ILL. 58.

~0 60 in. (1.52 m) lengths of cable tray were installed .in
penetration No. 4, centered in the penetration, and secured to
the cable tray support rack, on the unexposed surfacs only, with
tack-welds through the side rail flanges. The cable trays were
positioned with 12 in. (305 ma) of the 1adder protruding beyond
the exposed surface of the wall. The end of each cable tray side
rail on the exposed gurface of the wall was butted against and
supported by the steel angle sections on the watsr-cooled ’
restraining yoke.
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ca-les were imng-alled in Penecrazion les. L, 2, 4, F and 6.
~ach caole was 60 Tm+ t1.52 @) .ong and was :nszalled such that
12 in. (305 mm) of the cable prozruded neyond the exposed surface
of the wall. <The numder ol canies used in each penezration varied
wisa the size 2% the penezraction, as shown in ILlS. 54, 55, 57, 58,
and 59 and as summarized -<n tne following table:

Senetration T.l. Number Cable Diamecer, Sercent
No. No. 2% Cables In. {(mm) Fill®
b S4 50 0.765 (19.4) 39.1
2 55 50 0.765 (l9.4) 39.1
4 57 S1/Trtay 0.765 (19.4) 6. 4/"ray
5 58 56/Slot 0.765 (19.4) 35.7/S5i0¢%
6 59 7 0.765 (19.4) 39.1

*« . For Penetration No. 4, the percant £i11 was based on
e loading volune of the cable trays. For Penetration
No. 5, the percent £ill was based on the loading volunme
of the three 3 by 24 in. (76 by 6§10 mm) slots. For the -
remaining penetrations, the percent £{11 was based on
she volune of the wall penetration. :

Af=er the cables ware {nstalled, loose ceramic fiber was in-
stalled in the five cable penetratlions. rirst, the cables in each
penetration were spread apart and ceranic fiber was insarted be-
ueen cables such that the cables were separated from each other
within the depth of the penetration. Next, loose ceranic fiber
was placed in the penetration, from both sides of the wall, to
completely f£ill the depth at the density shown in the following
table. The amount of Ceramic fiber used in each penetration
varied with the volume of the penetration and the volune
displaced by the penetrating cables, as shown in ILLS. 54,

55, §7, 58, and 59 and as summarized in the following table:

' Penetration Volume Amount Of Ceramic Fiber
Penetra- ILL. Lass Ca?lc Xolumo, Ceranmic Fiber, Density,
No. No. In.” (n") Lb(n) pef {(n/m"})

s¢  740.7 (1.21x1003) 2.24 (9.96) 5.2 (81€.8)
55 740.7 (1.21x100%) 2.24 (9.96) 3.2 (816.8)
57 6859.2 (1.12x1001) 13.86 (70.55) 4.0 (620.3)
58 9873.3 (1.62x1073) 22.83 (101.55) 4.0 (628.3)
S9  146.3 (2.40x1073) 0.56 (2.49) 6.6 (1036.7)

[ Y. NS H
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Af-er the ceramic fiber was tngzaL.ed, =ne mastic coating was
~rush-app.ied tO the _ceramis fioer and cazles on the exposed and

snexposed surfaces of all penezrations except Penetrazion

No. ?

Zeverai coats of mastic coating were applied o build-up O Ine

£inal 4Ty ~nickness.

The cables werse spread apart in order =0

coat each individual cable with mastic coating. Because 0f the
1ose proximity of the cables in the bundles, it was not possible

-0 coat all of the cables in the interior of the bundles o the
desired thickness. However, each cadle was coated on all sides

with mastic coating from the wall o approximately 12 in.

(305 mm)

neyand the wall on the exposed and unexposed surfaces. ~he exceri-
or of each cable bundle was coated to the desired thickness at izs -
iaterface with the plane of the exposed and unexposed surfaces of

=he ceramic fiper £ill.

srom the interface, the mastic coating

was -apesred ZIrom €311 thickness to & thin brush coat at its ter-
mination apptoximaccly 12 in. (305 mm) veyond the unexposed and

exposed surfaces of the assemdly.
trazions with cables lapped approximnttly 1 {n., (25.4 on)

~ne mastic coating on the pene-

on the

concrete surface around the periphery of each penetration on the

exposed and unexposed surfaces of the wall.
cable at 36 in. (914 mm) beyond the unexposed surface was
with a brush coat of mastic coating.

~ne cut end of each

capped

For Penetration Nos. 1 and

%z, the 6 in. (152 mm) length of th? welded wall sleeve which
protrudcd from the unexposed and exposed surfaces of the wall,

respectively, were also coated with nastic coating.

For Pene-~

trration No. 5, the steel plates and bolts around the periphery
of the ceranic fiber boards and the joints betveen the ceramic
£iver boards vere coated with mastlc coating in addition to the
mastic coating applied to the cables and exposed ceramic fiber

in the three slots.

The mastic coating type and average dry mastic coating thick-

ness for each pcnctra:ion vith cables are shown on ILLS.
s7, S8, and S9 and are summarized {n the following table:

Average DTy

54, 55,

Average Dry

rlanenmastic Thickness On Thickness On
penetration ILL. Coating Exposed Surface, Unnxponod-Surfncc,
No. NOo. TYpO In. i{za) In., (mm)
1 54 r7l-A 0.250 (6.4) 0.250 (6.4)
2 -1 .r77 - 0.25%0 (6.4) 0.234 (5.9) _
4 87 r77 0,242 (6.1) 0.234 (5.9)
S S8 r1 0.250 (6.4) 0.245 (6.2)
6 59 F71-A 0.2%0 (6.4) 0.250 (6.4)

The appearance of the cxﬁbscd and unexposed surfaces before -

the fire test is shown {n ILLS. 61 and 62, respectively.
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Page 135 Issced:  ll-l7-:l
§. TLOQR ASSEM3LIES ZTEZS5Z REISCRD
§.1 TIRE INDURANCE TEST-FLOOR ASSIMBLY NO. l:

~ne test was conducted in general accordance with provisions
outlined for power generating stations in IEEE 634-1978 entizled
~scandard Cable Penetration Fire Stop Qualification Test" and in
accordance with the imposed provisions for pipe penetration Iire
stops.

6.1.1 SAMPLE

~he fire endurance test was conduczed on Floor Assembly No. !
as described previously in this Report undet *S.2 Assembly Con-
seruction,” constructed as shown in ILLS. zhrough 20.

At the time of the fire test, the concrete floor slab had
aged 163 days, 79 of which were at a temperature of 110-120 F
{43.3-48.9 C), four of which were at brief high-temperature expo-
sures of 550-800 F (287.8-426.7 C}, and the remaining 80 of which’
were at room temperature. For 71 of the 79 days at 110-120 P
{43.3-48.9 C) ambient temperature, the floor slab was exposed
<o the heating effect of industrial infrared lamps placed 12 in.
(305 mm) delow the undersucrface of the floor slab. The lamps
were periodically moved to different locations to obtain uniform
drying.

At the time of the test the concrete had dried to an average
relative humidity of 80.3 percent at a depth of 6 in. (152 me )
(wattest section). The humidity was measured by means of molisture-
sensitive elements inserted into short lengths of galvanized stesl
pipe buried in the concrete and attached to a measuring instrument
when measurements were taken.

The applici:lon of mastic coating on the exposed and unex-
sosed surfaces of the test assembly was conpleted approximately

two weeks before the fire endurance test was conducted.
6.1.2 METROD
The standard equipaent of Undervriters Laboratories Inc.

for testing floor and ceiling assenblies was used for the fire
endurance test.
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~He cemperatures of the furnace cnanter werse measured by 16
-~ermocouples which-were piaced 12 1o, {335 =) odelow the exposed
surface, .ocated as shown in L. 2.

~he temperazures of the fire stops, penesrating items, and
£:90r slab on the unexposed side of the assemoly were measured Dby
g6 znermocouples located as shown in IZL. 1 and in ILLS. 3 through
‘g, The thermocouples wvere covered with dry asbestos pads.

~he pressure within the furnace with respect 5 atmosphere
<as measured at two locations along the north-south centerline of
-we furnace, with the orifice of each stainless steel sampling
=ube located approximately 41ysh with the exposed surface of the
£loor s.ab.

~hroughout zhe fire test, ocbservations waere made of the
character of the fire and its control, the conditions of the
exposed and unexposed surfaces, and all developments pertaining
to the performance of the fire stops with special teference to
integrity and flame passage through the assenbly.

6.1.3 RESULTS

Character And Distribution Of Fire - The fire was luminous
and well-distributed, and the furnace temparatures followed the
standard Time-Temperature Curve as outlined in Standard IEEE 634-
1978 (ASTM El19, UL 263) and as shown in ILL. 21.

pressure Within The Furnace Chamber - During the first 15 nin
of fire exposure, the measured furnace pressure Vas slightly nega-

tive to neutral. After 15 nin and for the renalnder of the fire
exposure, the measured furnace pressure fluctuated from neutral
o a positive pressure of 0.01 in. (0.25 mm) water colunn.

observation Of The Exposed surface - The following is a
chronological Jescription o; the observations made during the

fire endurance test.
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——

~esz Time,
Min Chservazions

————————

2 txposed cable insulation is flaming. Mastic c<oating
is darkening to brown color.

8 ~ne concrete slab is black in color. The cadles
are flaming and smoking profusely.

14 pProfuse smoking and flaming continues. flaming
material is dripping from cables.

21 flaming, smoking, and dripping continues.

34 Smoke is very dense, limiting cbservations. " Blue

flames issuing from cables.

43 No apparent change.

54 The flaming, smoking, and dripping have diminished
somewhat.

65 smoking continues. Flaming and dripping has
subsided.

78 Flaming present at Penetration Nos. 1 through 8.

Smoking continues at a much diminished rate.

105 smoxing and flaming continues. Some mastic coating
is delaminating from the concrete at the feathered
edge of Penetration No. 15.

124 No apparent change.

149 ‘Plaming and smoking greatly diminished. No further

delamination of mastic coating is apparent.

180 rurnace fire extinguished.
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snservations Of—The Unexccsed Sarface - The following is
a chronological descriptmion 22 zne ooservarions nade during the
s£i-e endurance test. All ooserved dimensions are approximate.

Test Tine,

Min Cbservations .
0.5 Smoke from cutting oil issuing from 4 in. (102 =2m)

pipe in Penezratzion No. 11.
6 Smoking from pipe ceased.

30 Smoke issuing from cables and mastic coating in
Penetration No. 13.

35 Smoking has ceased.
49 Smoke once again issuing from Penetration tio. 13.
75 Water is seeping from concrete slab between Pene-

sration Nos., 10 and 11 and between Penetracion
Nos. 1l and 12,

128 Smoking contlnues from Penetration No. 13.

135 ~ne maximum concrete slab deflection is approxi-
mately 3/4 in. (19 mm) .

155§ smoking continues from Penetration No. 13.

163 Water ;otcd at 7% min {s drying up.

180 Furnace fire extinguished.

Temperatures Of The Assembly - The temperatures measured by
the various ermocouples were recorded at S min intervals during
the fire test. The temperatures (deg I) recorded {irmediately be-
fore the fire exposure and at 60, 120 and 180 min of fire exposure
are tabulated below: :
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R age 35 rssued: 1l-17-33
~nermocouple Penetration O] 60 120 ©89

No. - No. Min Min Min din
1§ 13 71.3 77.0 128.2 173.5
37 13 69.4 75.4 913.0 109.2
38 13 71.0 77.3 114.8 150.3
39 13 69.5 74.7 97.1 112.3
40 i3 70.4 149.2 278.5 357.3
41 13 70.1 166.8 313.4 401.1
42 9 70.7 83.7 121.3 154.2
43 9 71.1 88.S 125.7 157.4
44 9 70.9 88.4 131.6 172.2
4s 9 70.6 89.1 136.7 173.1
46 9 71.1 98.4 154.7 187.6
47 9 70.9 98.2 151.4 190.4
48 9 68.8 76.7 91.2 102.1
49 9 69.0 76.4 93.3 106.9
S0 9 70.2 77.9 103.5 127.1
51 9 70.9 142.7 223.6 298.5%
52 9 71.0 132.1 216.2 298.9
S3 9 71.2 84.0 122.6 160.8
S4 14 71.8 74.6 121.9 180.7
55 14 71.7 79.0 146.7 182.3
56 14 71.8 73.4 101.4 165.6
57 14 72.1 73.7 109.0 171.0
s8 14 71.7 80.1 151.7 189.3
s9 14 71.3 77.0 119.9 175.5
60 14 72.1 75.8 116.5 175.1
61 14 70.4 74.8 91.3 117.8
62 14 70.5 76.1 103.6 137.3
63 14 70.8 7%.0 93.4 120.4
64 14 71.2 110.4 208.1 309.1
65 14 7.1 108.4 213.3 321.2
66 - 14 70.4 130.2 186.7 211.8
€7 14 70.0 14%.6 215.1 241.6
68 14 70.0 152.2 225%.9 264.7
69 14 71.9 122.4 184.3 205.2
70 15 72.8 76.4 105.53 132.2
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Page 18 tssced: Ll-17-30
-~ ermocauple Penecracion 9 69 129 233

No. No. Min Min M “in

71 15 71.3 75.5 119.3 162.6
T2 15 72.7 77.0 1.7.8 169.4
73 15 ¢ 72.5 8l.7 138.0 134.0
74 15 71.2 78.1 134.5 .80.4
7 15 - 72.2 79.8 139.8 190.8
76 15 70.9 76.7 101.1 123.C
77 15 72.6 75.5 88.2 114.4
78 15 69.9 76.0 96.4 126.5
79 15 71.7 121.1 224.3 287.1
80 15 70.8 110.5 211.5 262.5
81 5 72.5 76.5 117.8 168.3
82 15 72.4 77.0 109.4 148.8
83 16 72.2 74. 4 94.0 139.6
84 16 71.7 74.0 100.1 136.7
8s 16 72.6 75.1 96.1 134.8
B6 16 72.5 73.9 98.0 147.5
87 16 71.6 77.2 113.6 161.5
88 16 72.8 75.5 99.6 145%.0
89 16 71.7 74.6 85.0 100.9
90 16 71.3 7%.5 93.1 116.4
91 16 73.0 75.5 86.3 9%.5
92 16 71.9 91.2 166.2 211.4
93 16 72.0 93.4 173.9 216.2
94 16 : 72.7 74.5 100.0 151.1
95 16 72.3 74.5 101.3 137.0
96 concrete 72.5 72.9 93.3 132.1

6.2 FIRE ENDURANCE TEST-FLOOR ASSEMBLY NO. 21

The test was conducted in general accordance with provisions
outlined for power generating stations in IEEE 634-1978 entitled
*standard Cable Penetration Fire Stop Qualification Test® and in
accordance with the imposed provisions  for pipe penetration fire
stops. - -

6.2.1 SAMPLE

The fire endurance test vas conducted on PFloor Assembly
No. 2 as described previously in this Report under "S5.2 Assombly
Construction,” constructed as shown {n ILLS. 22 through 40.
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lPage 37 cssued: Ll-l"-%

T1gor Assembly No. 2 employed the sane concrete €looT siad
used in the fire endurance and hose s:ream tests of FlLoor Assenply
sia. ®. No hunidity measurements of the concrete floor slab were
oorained immediately belore zne ¢ire endurance zest of Floor
Assemdly No. 2.

~ne application of nmastic coating on the exposed and unex-
posed surfaces of the test assemply was completed approximately
-40 weeks before «we fire endurance test was conduczed.

6.2.2 METHOD

-we standard equipment of Undervwriters Laboratories Inc.
for testing f£loor and ceiling assemblies was used for the fire
endurance test.

~he temperatures of the furnace chamber were measured by 16
thermocouples which were placed 12 in. ({305 mm) below the exposed
surface, located as shown in ILL. 41.

The temparatures of the fire stops, penerrating itens, ver-
miculite concrete, and floor slab on the unexposed side of the
assembly were measured by 81 thermocouples, located as shown in
I1LLS. 22 through 38. The thermocouples were covered with dry
asbestos pads.

The pressure within the furnace with respect to atmosphere
wvas measured at two locations along the north-south centerline of
+we furnace, with the orifice of each stainless steel sampling
tube located approximately £lush with the exposed surface of the
#loor slab.

Throughout the fire test, observations wetre rade of the .
character of the fire and its control, the conditions of the
exposed and unexposed surfaces, and all developments pertaining
tc the performance of the fire stops with special reference Lo
integrity and flame passage through the assenbly.

6.2.3 RESULTS

Character And pistribution Of Pire - The ¢ire was luainous
and chI:axstrIEutca, and the furnace temperatures followved the -
Standard Time-Temperature Curve as outlined in standard IEEE 634~
1978 (ASTM E1l19, UL 263) and as shown in ILL. 41.

pressure Within The TFurnace Chamber - puring the first 15 min
of fire exposure, ¢ JdrnNace pressure was slightly nega-
tive to neutral. After 15 min and for the remainder of the fire
exposure, the neasured furnace pressura fluctuated from neutral
to a positive pressurse of 0.02 in. (0.51 mm) water colunn. 111.2.G-222
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M Page 18 Issued: Ll-.7-3C

ooservation Of The Exposed Ssriace - The following i: a
chronoLlog.cal descrigrivn 5% -ne ooservaticns made diring the
cire endurance esc.

Tes:z Tinme,
Min Observations

1 Cable ends in Penetration No. 14 are £laming.

2 Cable ends in all penetrations are flaming.

4 Cable ends are flaming profusely. Flaming d:opleis'
are falling from cable bundles.

9 profuse ®laming continues. Dense stoke present in
the vicinity of Penetration No. 12, 13, and l4.

13 Heavy flame involvement of cables up to the plane
of the underside of the floor slab. Dense smoke
making observations difficult.

20 Heavy cable flaming and smoking continues. Flaming
droplets continue to fall from cables.

30 Cable flaming continues at a dininished intensicy.
Smoking has greatly diminished.

49 Light cable flaming continues. Smoking is also
quite light.

58 Light cable flaming and smoking continues. Mastic
coating appears to be delaninating from the con-
crete at the east and vest edges of Penetration
Nos. 14, 15, and 16.

89 Cable flaming continues. Mastic coating delamina-
ting from concrete around periphery of Penetration
xos. 1, 3, 14, 15, and 16.

105 Light cable flaming and smoking continues.

123 A Light cable flaming continues. -
150 Cable flaming and smoking almost ceased.

180 Furnace fire extinguished. -
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R Fage 33 sseeds e
s~se-vations Of The Unexocsad Scrface - The fgllowing is
a chronological descripticn O Iie ODservations nade during the

£.-a endurance test,

Tesz Tine,

Min - Observazions .
9 Smoke from cutting oil issuing from 4 in. (102 mm)
pipe in Penetracion No. 10.
BS Slight amount of smoke issuing from one of the
cabple pundles (second from west end) in Penetration’
No. 13.
97 Slight smoking noted at 85 nin continues.
105 Slight smoking noted at 85 mia continues.
180 Furnace fire extinguished.

Temperatures Of The Assembly - The temperatures measured by
the various thermocouples were

recorded at S5 min intervals during |
the fire test. The temperatures {deg F) recorded immediately be-
fore the fire exposure and at 60, 120 and 180 min of fire exposare
are tabulated below:

Thermocouple Penetration 0 60 120 180
NO. NO. Min Min Min Min
1 1 82.9 84.8 87.2 89.8
2 2 83.0 85.8 89.0 92.8
3 5 83.4 88.1 93.5 99.8
4 6 83.2 86.6 92.4 98.1"
5 1 83.9 144.4 197.6 218.6
6 2 83.8 148.7 197.8 221.5 .
7 S 84.3 142.4 188.6 205.9
8 6 84.1 136.5 188.8 211.4
9 1 82.9 82.8 84.8 88.7.
10 2 83.9 121.6 169.4 191.6
1l L3 8d4.4 110.6 151.3 165.4 -
12 6 84.2 114.7 162.5 185.0
13 1 83.9 105.9 157.4 169.0
14 2 83.4 103.1 154.3 203.3
15 S.. - 84,0 98.9 138.1 154.8 —
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—nermocouple Peneccarion 0 50 120 :89

No. No. Min Min Min Min
16 6 83.9 98.6 144.1 171.5
7 3 83.9 92.6 126.4 143.1
18 4 83.8 90.5 113.9 129.6
19 7 83.9 93.2 123.9 144.0
20 8 83.5 90. 111.4 128.7
21 3 83.2 12404 202.0 261.1
22 4 83.2 133.5 223.4 284.4
23 7 83.2 97.7 121.9 145.0
24 8 83.5 128.6 204.1 264.6
25 3 83.0 106.3 166.1 219.0
26 4 83.1 118.2 194.8 -262.0
27 7 83.2 108.5 129.3 160.1
28 8 83.3 110.5 176.1 239.3
29 3 83.0 110.0 175.9 230.1
30 4 84.1 117.8 192.8 256.1
31 i 84.4 128.3 187. 7 238.4
32 8 84.3 117.0 186.6 250.3
i3 10 84.9 320.2 492.2 591.1
34 10 84.8 208.8 331.2 413.3
35 10 84.7 132.7 207.1 269.8
36 10 85.3 90.9 111.1 121.0
37 11 85.8 85.4 88.7 97.7
kY] 11 84.7 95.8 127.7 157.0
39 12 84.4 94.2 196.1 249.3
40 14 83.4 139.7 175.7 207.1
41 14 83.7 175.3 234.0 27S.1
42 14 84.4 131.5 226.0 294.3
43 14 84.1 133.0 216.8 261.3
44 14 84.2 123.8 207.8 269.9
45 14 83.9 118.2 177.2 222.7
46 - 14 63.9 134.7 229.9  288.8
4 14 82.9 89.4 104.8 118.1
48 14 82.5 8%.8 93.4 102.3
49 14 82.9 89.8 109.0 125.7
50 14 84.7 93.8 126.6 164.7
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Page §° rssued: Ll-_"-%C
-~ermocouple Penetration 0 50 °29 £ 22

No. -0 vin v Mun ¥in
51 14 84.4 35.6 134.2 170.3
52 14 84.2 107.5 250.8 181.5
53 15 83.6 87.9 111.1 134.4
sS4 15 84.8 107.7 150.6 176.9
5% s 84.0 95.6 131.2 158.9
56 1 84.5 127.8 224.9 289.2
s7 15 84.5 1%8.9 272.4 3151.4
58 15 B4.6 136.3 236.4 298.0
59 15 84.1 91.1 109.7 122.7
60 15 83.8 92.6 125.1 147.7
6l 15 83.6 92.1 123.0 145.8
62 15 84.0 103.0 154.2 196.7
63 15 84.13 120.0 189.7 232.3
64 16 83.3 93.0 123.6 152.2
65 16 B4.0 110.0 140.8 171.0 e
66 16 83.7 100.2 136.8 167.8
67 16 83.9 ‘128.0 199.4 232.5
68 16 84.0 171.3 2%9.2 337.5%
69 16 83.9 130.2 173.1 202.6
70 16 84.5 94.8 116.1 125.5
71 16 B4.0 95.7 126.9 143.4
72 Y 83.4 90.7 104.8 117.6
73 16 84.0 131.8 187.3 220.2
74 16 83.8 104.8 149.7 187.6
75 13 83.4 83.5% 84.9 94.7
76 13 83.5 83.7 84.9 92.0
77 : 9 83.6 86.7 111.4 182.3
78 Concrete 83.7 84.0 93.8 125.8
79 11 83.5% 117.2 185.9 249.8
80 11 83.5 101.9 158.1 222.5
8l 11 83.4 90.1 130.3 194.2
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2252 STREAM TEST-FLCOR ASSE

1
'S

6.3,

~~a nose stiream was applied

Assemdly No. i. The hose¢ strean
af-er the fire endurance test.

6.13.2

~ne test was conducted in a
1 ined for sower-generating scati
Thezassambly was subjected o th
n/m) (a% the nozzle base)
wi*h a 1=1/2 in. (38.1 mm) spray
angle) a:z a distance of 10 2t (3
crete slab. The water stream was

-ne concrete slab and all pener
6.3.3
~he penetration fire .stops

cest without developing any openings t

tration of the water stream.

6.4

se 32 Issced: L.-lT-%Q
M3LY NC. .

SAMPLE

o the exposed surface of Floor
test commenced 4 nmin, 35 sec

METHOD

ccordance with the provisions out-,

ons in the Standard IEEE, 634-1378.

e ac-ion of a 75 psi (5.17 x 10

75 gpm {4.73 l/s) water stream applied

nozzle (set at a 10 deg included
.05 m) from the center of the con-
applied for 163 sec and traversed
ations.

RESULTS

withstood the water hose stream’
hat would permit the pene-

4YOSE S$TREAM TEST-FLOOR ASSEMBLY NO. 2:

6.4.1

~Ne hose stream was applied
The hose strean

Assembly No. 2.
afrer the fire endurance test.

SAMPLE

to the exposed surface of Floor
test commenced & min, 36 sec

6.4.2 METHOD

“he test was conducted in accor
stations in the §
to the action of a 75 psi (5.1
7% gpa (4.73 1/3)
spray nozzle (set
fe (3.05 m) from

lined for power-gesnerating
~he.assambly was subjected
n/m) (at the nozile base)
with a 1=172 in. (38.1 =m)
angle) at™a distance of 10
crete slab. The watey

6.4.3

The penetration fire stops

test without developing any openings

tration of the water streanm.

strean was applie
the concrete slab and all penetrations.
bly before and during the hose strean tes

dance with the provisions out-

vandard, IEELE 634-1278.
7 x 10

water stream applied

at a 30 deg included

the center of the con-

4 for 163 sec and traversed

The appearance of the assex—

t is shown in ILL. 64.

RESULTS

tood the water hose strean
that would permit the pene-

withs
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Fage 41 Issced: Ll-lT-%:
.5 <3STRJATIONS AFTER TEST:
6§.5.1 FLOOR ASSEMBLY NO. I

The appearance of the exposed and unexposed surfaces of floor
Assembly No. 1 after the fire endurance and hose stream tests is
snown in IZLS. 65 through 67.

On z~e exposed surface, the concrete within Penetrazion
vos. 10, 11, and 12 and the concrete Slab were powdery with the

gravel aggregate exposed.

coating remained

THe mastic coating was off-whize 20
gray in color with several small black areas,
in place, but was brittle.

All of the mastic
The cables protruding

f-om the mas=ic coating vere devoid of insulation, and the copper

conductors were nlackened.

Wichin the various penetrations,
:in color from black on the expose

color on the unexposed surface.

the ceramic fiber ranged

d surface to the original white
The depth of unaffected ceranmic

£iner varied from penetration to penetration. Within the ceramic °~

fiber,
tion. The av-vage depths of unaf
iacket material, and solid condu
Zion, as measured from the top
in the following table:

the cable damage also varied from
fected ceramic fiber,
ctor insulation for each penetra-
surface of the concrets,

penetration to penatra-
sclid cable

are shown

Unaffectad solid Solid Conductor
Penetration Ceramic Piber Cable Jacket, Insulation,
No. Depth, In. (mm) In. (mm) In. (mm)
1, 2, 3, 4 4 (102% 5 (127) 8 (203)
s, 6, 7, 8 Q 4=-1/72 (114) 6-1/ (165) 9 (229)
9 4 (102) 6 (152) 8 (203)
11 12 (305) Not Applicable Not Appllicable
13 Z (51) 9 (229) 9 (229)
14 7 (178) 3 (76) 6=-1/72 (165)
15 9 (229) 2-1/2 (64) 5=1/2 (140)
16 10 (254) 4 (102) 8 (203)

on the unexposed surface, the cables and mastic coating

appeared unchanged.
' '6.5.2

The appearance of
Assembly No. 2fter the
shown in ILLS. 68 through 71.

the exposed and unexposed
fire endurance and hose strean tests is o

FLOOR ASSEMBLY NO. 2

surfaces of Floor
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(Y31

~n zhe exposed surfa
:2 and the congrese S
. The mastic coalilng
che Flamemastic

-
saze exposed
coLsy, with

sin% TuUTn1NG
=1 -A mastic coating
canles. all of
-1e and all o
. mlackened copder conduczors.

Wizhin the various penezrations,
srom black on the exposed su
The
on to penetration.

in color

color on the unexposed surface.
£iher varied from penetrati
£iper and, for some penetrations,

coating above the unexposed surface,

n to penetration.
solid cable jacket
W penetration,

trom penetratio
ceramic fiber,
iasulation for eac

77 maszic coatin
-2 tilack around the ca
naving a brownish
+he mastic coating on =
f <he exposed cables vere devoid ol

[1 ]
FIS

ce, =ne concrete Juianin
Lab were zowdery wiin ine

was

=he ceranic
rface to the

within the

The average
material,

?

anezraczion
ravel aggre-

-~

k4

cff-wnize to velliowish in
naving a bdluish
ples and with tne Flamemastic
=int turaing =o black around
ne expcsed surface was

insulation

¢iber ranged
original white-

depth of unaffected ceranmic
Within the ceramic

“cone® of mastic

-ne cable damage also varied

depths of unaffected

and solid conductor

as measured from

the top surface

of the concrete, are shown in the following table: -
Unaffected Solid Solid Conductor
Penetration Ceramic Fiber Cable Jacket, Insulation,
No. Deoth, In. (mm) in. {(mm)* In. (mm)*
1 1 (25.4) ~2 (-50.8) -5 (-127)
2 1 (25.4) -2-1/2 (~63.5) -5=-3/4 (=-146)
k| 3 (76.2) 0 -5 (=127)
4 3-1/2 (88.9) 1-3/4 (44.5) -5 (=127)
5 2 (50.8) -2 (~50.8) -5-1/4 (-133)
€ 1-172 (38.1) -2 (~50.8) ~5-1/4 {-133)
7 3-1/2 (88.9) 172 (12.7) -5 (=127)
8 8 (203) 172 (12.7) -5-1/2 (-140)
10 16 (406) Not Applicable Not Applicable
11 16 (406) Not Applicable Not Applicable
14 1-172 (38.1) 4 (102) -3-1/4 (-82.6)
15 2-1/2 (63.53) -1-172 (-38.1) -3 (=76.2)
16 3 (76.2) 1/2 (12.7) -3 (-76.2)

*+ - Measurenments prefaced v
extending into “cone® ©
surface.

on the unexposed surface,
appeared unchanged.

ith (-) indicate
£ mastic coating

damage height
above unexposed

the cables and mastic coating
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;. wALL ASSEMBLIIS IISI REICSRD

-, TIRE SN3URANCET TEST-WALL ASSEMBLY NO. 1:

~v¢ test was conducted in general accordance with provisions.
ocu=lined for power generating stations in IZEE 634-1978 entiziled
“Srandard Cable Penerration Fire Stop Qualification Test" and in
accordance with =ne imposed provisions £or pipe penezration Iire
$2038.,

7.1.1 SAMPLE

as described previously in this Report under "5.2 Assendly Con-‘
struct=ion," constructed as shown in ILLS. 42 through 51.

—~ne fire endurance test was conducted on Wall Assembly No. !

At the time of the fire test, the concrete wall inserts had
aged 199 days, 96 of which were at a temperature of 110-120 F
(43.3-48.9 C}, and the remaining 103 of which were at room
temperature.

At the time of the test the wettest of the five concrets wall
inserts had dried to a relative humidity of 76 percent at a depth
of 6 in. (152 mm). The humidity was measured by means of moisture-
sensitive elements inserted into short lengths of galvanized steel
pipe buried in the concrete and attached to a measuring instrument
when measursments were taken.

The application of mastic coating on the exposed and unex-
posed surfaces of the test assembly was completed approximately
two weaks before the fire endurance tets was conducted.

7.1.2 METHOD

The standard equipment of Underwriters Laboratories Inc. for
testing wall asseablies was used for the fire endurance test.

The temperatures of the furnace chamber were measured by 12
thermocouples which were placed 6 in. (152 mm) froa the exposed
surface, located as shown in ILL. 32.

The temperatures of the fire stops, penetrating items, con-
crete wall inserts and concrete blocks on the unexposed side of
the assembly were neasured by 43 thermocouples located as shown
in ILLS. 42 through 49. The thermocouples were covered with dry --
asbestos pads. -

111.2.G-230
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~=e Cressure wishin the furnace wizh respect =t atnocghere
was measured at four eievazions along she verzical centerline of
-1e assemdly, with the orifice of each szainless steel sampling
-ine .ocated approximately $2 ia. (305 mm) from the exposed sur-

ace of the wall assemdly.

—nroughout the fire test, observations were made of he
character of the fire and its control, the conditions of tnhe
exposed and cnexposed surfaces, and all developments pertaining
=3 zhe performance of the fire stops wizh special reference o
iazegrity and flame passage through the assemdbly.

7.1.3 RESULTS

Characszer And Distribution Of Fire - The fire was luminous
and weli_.~-dlstridute the -urnace temperatures folloved the
Standard Time-Temperature Curve as outlined in Standard IEEE 634~
1978 (ASTM E1l19, UL 263) and as shown in ILL. s2.

oressure Within The Furnace Chamber - The observed air pres- -
sure wizhin the fucrnace chambaer approximately 12 in., (305 mm) away
from the sxposed surface of the wall assembly and along the verti-
cal centerline of the assembly ranged from & pcsitive pressure of
0.015 in. {(0.38 mm) water column at the top of the assembly to a
negative pressure of 0.03%5 in. (0.89 mm) at the center of the
assembly to a negative pressure of 0.07 in. (1.78 mm) at the
bottom of the assembly. The neutral pressure zone vas located
approximately 12 in. (305 mm) below the welded wall sleaves of
senetration Nos. 1l .and 2.

Observation Of The Exposed Surface - The folloving is a
chrono[ogxcaI description of the observations made during the
fire endurance test. All observad dimenaions are approximate.

7est Time,

Min Observations
3 Plames issuing from ends of cables in Penetration
Nos. 5 and 6.
13 - Flames issuing_from ends of cables in all
penetrations. -
59 Flaming of cables in Penetration Nos. 5 and 6
: engulfing cables to within 6 in. (152 ma) of vall
surface. - —
56-179 Cable flaming continues.

180 Furnace fire extinguished. 1.2.G-231
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nmservazions Of The Unexposed Surface - The following :is
a chrono.og.cal.cescription 0f zhe obsarvazions nade during the
ci-e endurance zest. All observed dinmensions arce approxinate,

Test Time,
Min Observations

56 ~~s concrete wall inser: for Penetration No. 3.
has a hairline crack, with moisture present on
the concrete surface at the crack location. The
cap plate and pipe protruding into the furnace
chamber in Penetration No. 7 is glowing red.

[y
(&)
~

A hairline crack is present in the top south corner
of the concrete wall insert for Penetration No. 1.
Moisture is present on the surface of the concrete
wall insert for Penetration No. 1 and on the sur-
cface of the concrete blocks along the top of the -
wall.

112 A3 by 6 in. (76.2 by 152 mm) piece of concrete
appears to be breaking away fron the concrete wall
insert for Penetration No. 1.

120 Steam is issuing from mortar bed beneath the
concrete wall insert for Penetration No. 1.

134 The piece of concrete noted at 112 min fell from
the concrete wall insert. Steam is issuing from
the mortar bed above the concrete wall insert for
Penetration No. 1.

180 Furnace fire extinguished.

eratures Of The Assembly - The temperatures measured by
the various ermocouples wvere rocorded at 5 min intervals during
the fire test. The temperatures (deg F) recorded immediately be-
fore the fire exposure and at 60, 120 and 180 nin of fire exposure
are tabulated below: :
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EEEEmm—— rage 43 Csssed:
-sermocouple  Penexzation 0 63 220 189
No. No. vin Min Min Min
1 4 s7.4  87.1  119.8  152.9
2 4 77.1 100.7 ~44.3 172.2
3 4 76. 4 103.8 148.5 185.0
4 4 75.9 162.9 248.6 302.1
3 4 74.2 164.6 254.2 313.7
6 4 74. 4 83.2 127.4 172.9
7 4 76.4 89.8 151.1 195.3
B 4 75.2 145.2 242.4 306.4
9 4 73.7 103.2 170.8 210.4
10 2 78.3 89.1 116.4 138.
11 2 79.0 93.0 117.6 132.2
12 2 78.3 88.0 119.8 139.4
13 2 73.0 107.8 196.8 218.7
14 2 78.5 96.0 116.1 126.6
18 2 74.0 95.3 189.7 214.8
16 S 76.1 82.1 111.4 138.7
17 S 74.0 79.9 111.9 145.9
18 5 73.0 79.2 109.7 138.5
19 5 74.9 84.6 140.9 187.0
20 5 75.3 80.0 116.7 142.1
21 5 72.9 83.0 146.7 207.0
22 ‘5 72.5 83.7 143.9 204.0
23 LI 75.8 77.9 89.5 108.9
24 5° 73.3 74.7 88.9 116.5
25 1l 78.0 84.8 113.4 138.2
26 1l 77.8 8%5.3 118.1 140.2
27 1l 78.1 8%.2 114.9 134.0
28 1 74.4 87.4 144.0 189.6
29 1l 7%.0 86.2 130.8 167.1
3o 1l 73.1 94.8 169.3 220.1
31 6 74.2 82.1 104.7 121.5
32 - 6 74.3 85.6 118.5 143.7
33 6 74.3 83.6 107.9 125.3
kY | 6 70.6 90.9 140.4 186.5
as 6 70.3 82.5 127.1 170.7
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GHEEER Fage 43 cssced:  ll-lT-:l
~-ermogouplie Pene=razion S 53 12) pexe
Ng. No. Mo ML Min Min
36 6 70.8 89.8 246,75 193.2
37 3 T2.5 97.9 209.2 214.1
38 3 72.3 98.2 208.9 217.7
39 3 72.5 128.7 215.2 268.4
49 3 72.1 254.0 235.5 308.8
41 7 70.7 16B8.4 301.7 188.6
42 7 72.2 i84.4 314.0 382.9
43 7 74.0 544.8 763.6 825.2
44 Concreta 71.7 8l.0 115.7 153.3
45 Conc. Block 73.3 97.0 181.1 192.0

-.2 FIRE ENDURANCE ~£g7-WALL ASSEMBLY NO. 2:

“he test was conducted in general accordance with provisions
outlined for power generating stations in IEEE 634-1978 entitled
*scrandard Cable Penetration Fire Stop Qualification Test® and in -
accordance with the imposed provisions for pipe penetration fire
stops.

'7.2.1 SAMPLE

~nq %2ire endurance test was conducted on Wall Assembly
No. 2 as described previously in this Report under °5.2 Assembly
Conscruction,” constructed as shown in ILLS. 53 through 62.

At the time of the fire test, the concrete wall inserts for
Penetration Nos. 1, 2, 5, and 6 had aged 358 days, 256 of which
vere at a temperature of 110-120 F (43.3-48.9 C) and the renaining
102 of which were at room temperature. No humidity measurexents
were made of ths concrate wall inserts immediately before the tire
endurance test of Wall Assembly No. 2. However, it was felt that
the relative humidity of the concrete wall inserts was wvell below
7% parcent at the tine of the test., The concrete wall insert for
penetration Mo. 4 was the sane concrete wall insert used in the
fire endurance and hose strean tests of Wall Assembly No. l.

The application of mastlic coating on the exposed and unex-
posed surfaces of the test assembly wvas completed approxirpately
twvo weeks before the fire endurance test was conducted.

7.2.2 METHOD

The standard equipment of Underwriters Laboratories Inc. for -
testing wall assemblies was used for the fire endurance test.
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Fage 33 Isssed: ll-17-3:
~we =empera:uzes of the f:ornace chamoer were neasured ty -z
-~armocouples which weare placed 6 in, (152 =m) ZIrom the exposed

e »

surface, .Lccazed as shown in Il.L. 63.

-ne zemperatures of the fire stops, penetrating iiems, con-
rate wall inserts, and concrete blocks on the unexposed side of
ne assemdly were measured by 49 shermocouples, located as shown
a I..5. 53 through 60. ~me thermocouples were covered with dry
asbeszos pads. '

.

te- gt )

whe pressure within the furnace with respect to atmosphers .
was measured at four elevations along the vertical centerline of
«he assembly, with the orifice of each stainless steel sampling

«ubs locazed approximately 12 in. (305 mm) from the exposed sur-
face 0f the floot slab.

~hroughout the fire test, observations were nade of the
character of the fire and its control, the conditions of the
exposed and unexposed surfaces, and all developments pertaining
to the performance of the fire stops with special raference to
integrity and flame passage through the assembly.

7.2.3 RESULTS

Character And pistribution Of Fire - The fire was luminous
and well-distributed, and the furnace temperatures followed the
s-andard Tine-Temperature Curve as outlined in standard IEEE 634~
1978 (ASTM E119, UL 263) and as shown in ILL. 63.

pressure Within The Furnace Chamber - The observed air
pressure ithin the fucnace chamber approximately 12 in. (305 ma)
awvay from the exposed surface of the wall assembly and along
«he vertical centerline of the assembly ranged from a positive
pressure of 0.04 in. (1.02 mm) water colunan at the top of the
assembly to a positive pressure of 0.01 in. (0.2%5 ma) at the
center of the assembly to a negative pressure of 0.015 in.
(0.38 mm) at the bottom of the assembly. The neutral pressure
zone was located approxinately even with top plane of the wall
sleeve of Penetration No. 7.

rxposed Surface - The following is a
the observations made during the

observation 0f The
chronolog

fire endurance test.
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S

180
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w
’

rgsved: L.-."=30

Chsezvazions

canle ends in Penerration ltios. 1 and 2 are f£laning.
All cable ends are flaming.

cables well-involved in flaming. The cable £lazing
appears to have engulfed the entire cable protu-
sion up to its interface with the wall and/or
sleeve.

All cables well-involved in flaming.

Ccable flaming greatly diminished.

Cable flaming almost ceased.

Furnace Zire extinguished. . .

Observations 0f The Unexposed Surface - The following is -
a chrono[ogxé?l description os the observations made during the

fire endurance

Test Tinme,
Min

——————————

10

15

20

25

test.

Observations

Ssmoke from cutting oil issuing from the pipe in
Penetration No. 7.

smoke issulng from ends of cables in Penetration
Nos. 1 and 2.

‘Smoking noted at 8 min ceased. Smoking noted

at 10 nin continues. Smoke issuing from ends
of cables in Penetration No. 4.

smoke issuing from all cable ends except for the
cables in Penetration No. €. The cap on the pipe
in Penetration No. 7 is glowing red.

smoke issuing from cable ends in Penetration
NOS . 1' 2, and 4 °n1y-
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I rage

68

120
121-179
180

~emperatures Of The Assenrbl

s
~

Issued: ll-l"-:0

Cbservazions

snoking noted at 25 rin continues. A vellowish
residue is present on zhe concrete at its inter-
cace with the mastic coating beneath the sleeve
in Penetration ¥Wo. 2.

Smoking noted at 25 min continues, No distress
is evident in the restrained cable trays in
Penetration No. 4.

smoking greatly diminished.

Smoking almost ceased.

No apparent damage.

Furnace fire extinguished.

- The temperatures measured by

~he various thermocouples were Tecorded at § min intervals during

the fire test.

The temperatures (deg F) recorded immediately be-

fore the fire exposure and at 60, 120 and 180 min of fire exposure
are tabulated below:

~hermocouple Penetration 0 60 120 180
No. No. Min Min Min Min
1 4 70.5 95.0 153.8 194.9
2 4 70.5 107.0 148.4 193.7
3 4 70.2 86.1 111.5 129.3
4 4 70.7 211.5 217.7 258.4 -
5 4 70.7 208.5 231.0 246.2
6 4 70.4 175.7 176.4 182.7
7 4 70.5 147.5 203.3 212.7
8 4 71.2 207.2 353.1 416.1
9 4 70.6 1343 201.3 224.5.
10 2 68.7 9%.3 139.8 161.9
11 2 68.5 95.7 134.2 166.4
12 2 68.7 87.3 129.8 154.8
13 2 69.6 113.6 193.0 249.9
14 2 - 69.6 129.9% 207.2 240.6
15 s 69.3 125.7 216.0 265.2
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Page =13 Issued: Il
-nermocouple Penetration 0 50 120 230

No. No. ™ Min Min Min Min
16 S 68.0 86.5 145.5 189.9
17 5 67.6 88.4 162.0 219.6
18 5 67.8 86.6 142.2 180.3
‘g 5 68.2 100.6 205.5 280.0
20 5 68.3 87.3 185.3 347.7
21 5 68.4 94.8 174.7 276.6
22 S 68.8 100.9 206.4 294.8
23 1 68.3 74.3 97.7 123.0
24 5 68.5 70.5 84.7 116.2
25 1 €9.5 95.2 155.1 187.5
26 1 69.5 92.0 153.6 189.5
27 1 €9.4 89.4 146.6 173.1
28 1 69.8 100.2 185.5 229.2
29 1 €9.6 S4.7 160.6 192.2
30 1 €9.1 118.7 201.2 255.8
3l € 67.8 85.5 130.5 159.9
32 6 67.9 88.7 142.8 180.8
33 6 67.7 87.6 127.4 161.1
34 6 68.3 111.7 195.8 2%1.7
a5 ] €8.3 86.4 149.4 205.9
36 6 68.3 113.2 203.6 263.6
37 -3 68.7 192.5 310.4 379.1
38 3, €8.9 226.7 366.1 448.4
39 3- 68.0 144.9 256.5 363.9
40 3 €7.2 129.9 218.7 330.8
41 3 68.2 601.8 793.6 874.0
42 3 68.1 366.8 512.2 577.0
43 3 68.1 426.7 598.6 665.7
44 3 67.4 211.2 381.4 481.4
43 7 67.6 140.1 262.4 354.9
46 7 67.5 146.3 273.1 348.2
47 - 7 67.7 440.7 687.9 763.2
48 Concrete 67.4 73.7 115.6 157.0
49 Conc. Block 66.7 70.7 112.4 168.3
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-.3 HQSE STREAM ~ogTLWALL ASSTMBLY NC. l:

7.3.1 SAMPLE

~ne hose stream was applied to the exposed surface of Wall
Assemply No. l. ~ye hose streanm test commenced 2 min, 35 sec
af-zer the fire endurance test.

7.3.2 METHOD

~ne test was conducted in accordance with the provisions
outlined for power-generating stations in the Standard, IEEE 614-
1978S ~he_assembly was subjected to the action of a 75 psi (5.17
x 10° n/m°) (at the nozzle base) 75 gpm (4.73 1/s) water streanm
applied with a 1-1/2 in. (38.1 mm) spray nozzle (set at a 30 deg
included angle) at a distance of 10 ft (3.05 m) from the center
of the wall assembly. The water streanm was applied for 198 sec
and traversed the wall assembly and all penetrations. The appear-
ance of the assembly during the hose strean test is shown in
T.L. 64. -

Immediately following the wvater spray streap hose stream
test, a second hose strean wvas applied to the exposed surface.
The second hose stream test was conducted in accordance with the
provisions outlined for industrial and comnercial establishments
in the Standard, IEEE 634-1978. e assenbly was subjected to the
action of a 30 psi (2.07 x 107 n/m™) (at the nozzle base) water
stream delivered through a 2-1/2 in. {(63.5 mm) national standard
playpipe equipped with a 1-1/8 in. (28.6 mm) discharge tip of the
standard-taper, smooth-bore pattern without a shoulder at the orifice.
The orifice of the nozzle was located 20 £t (6.1 m) from the center
of the wall assembly. The water stream was applled for 198 sec and
traversed the wall assenbly and - all penetrations. - :

-

The penetration fire stops withstood both water hose stream
tests without developing any openings that would permit the pene-
tration ef the water strema. % , > e

7.4 HOSE STREAM TEST-WALL ASSEMBLY NO. 213 .

7.4.1 SAMPLE
The hose strean was applied to the exposed surface of Wall

Assembly No. 2. The hose strean test commsnced 2 min, 23 sec
after the fire endurance test.
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T.4.2 METHOD

~ve tes: was conducted in accordance with the provisions

outlined for powcr-gcncrating stations in the Standard, IEZE 634~
1978, Thi assembly was dubjected to the action of a 75 psi (5.17
x 10’ n/m°) (at the nozzle base) 75 gpm {4.73 1/3) water stream
applied wizh a 1-1/2 in. (38.1 am) spray nozzle (set at a 30 deg
included angle) at a distance of 10 ft (3.05 m) from the center
of the wall assemply. The water streanm was applied for 163 sec
and traversed the wall assembly and all penetrations.

7.4.3 RESULTS
-he penetration £ire stops withstood the vater hose strean
rest without developing any openings that would permit the pene-
tration of the water stream.

7.5 CBSERVATIONS AFTER TEST:

7.%5.1 WALL ASSEMBLY NO. 1

The appearance of the exposed and unexposed surfaces of Wall
Assembly No. 1 after the fire endurance and hose strean tests is
shown in ILLS. 72 through 75.

On the exposed surface, the concrete within Penetration
No. 3 and sach of the six concrete wall inserts were powdery
with the gravel aggregate exposed. Most of the mastic coating
vas dislodged during the hose streams, as was the cenentitious
mixture on the concrete blocks. The cables protruding from the
ceranic fiber were devoid of insulation, and the copper conductors .
ware blackened. ’

Within the various penetrations, the ceramic fiber ranged
in color from black on the exposed surface to the original white
color on the unoxposed surface. The depth of unaffected ceramic
fibar varied from penetration to penatzation. Within the ceramic
fiber, the cable damage also varied from penetration to penetration.
The average dapths of unaffected ceramic fiber, solid cable jacket
material, and solid conductor insulation for each penetration, as
neasured from the unexposed surface of the wall assembly, are showri
{n the following table:
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Page 6 ssued: Ll-1"-%:
cenezzazion Ceramic Fiber Cacle Jacke:, sasulazion,
No. Depth, In. (mm) Za. iam) Ta, (mm)
1 0 2 (50.8) 8 (203)
2 7 (178) 9 (229%) 13 (330)
4 (soutzh) 5 (127) ‘ 0 5 (127)
4 (north) S (127) 0 s (127)
5 (top) 3 (76.2) 0 4 (102)
5 (center) 3-1/2 (8B.9) 0 4-1/72 (114)
5 (pot=zonm) 4 (102) 0 4-1/2 (1l14)
6 6 (152) 3-3/4 (95.3) 6-1/2 (165)
7 15 (381) Not Applicable Not Applicable

Oon the unexposed surface, the cables and mastic coating
appeared unchanged.

7.5.2 WALL ASSEMBLY NO. 2

The appearance of the exposed and unexposed surfaces of Wall
Assembly No. 2 after the fire endurance and hose stream tests is
shown in ILLS. 76 through 81.

On the exposed surface, each of the five concrets wall
inserzs were powdery with the gravel aggregate exposed. Much
of the mastic coating fell away during the fire and hose stream
rests. The remaining mastic coating was off-white to yellowish in
color. All of the nmastic coating remaining on the exposed surface
vas brittle and all of the exposed cables wvearse devoid of insula-
tion with blackened copper conductors.

Wwithin the various penetratlions, the ceranic fiber ranged
in color from black on the exposed surface to the original white
color on the unexposed surface. The depth of unaffected ceramic
fiber varied froa penetration to penatration. Within the ceramic
¢iber and, for some penetrations, within the ®cone® of mastic
coating beyond the unexposed surface, the cable damage also varied
fron penetration to penetration. The average depths of unaffected
ceramic fiber, solid cable jacket material, and solid conductor
insulation for each penetration, as measured from the plane of the
unexposed surface of the wall asseably, are shown in the following

table:s - -
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Unut2eczed
Cetramic FidDer

Solid
Zanle Jacket,

Issced: Ll-l"-

Solid CZonducsor
nsulation,

No. “epth, In, (mm) Ia. (=t In, {=m)*

1 0 . -9 (=229) 5 (127)

2 -1-172 (-38.1) -3=-1/2 (~88.9) 6 (152)

3 8 (203) Not Applicabple Not Applicable
4 ‘south) 3 (76.2) -4 (=102) 2 (50.8)
4 (norzh) 2 (50.8) -5 (=-127) 2-1/2 (63.5)
5 (=2p) 3 (76.2) ~6=1/2 (=165) 2 (50.8)
5 (center) 2 (50.8) -6 (~-152) 2 (50.8)
s (bottom) 2 (50.8) -3 (=76.2) 3 (76.2)

6 4 (102) -5 (=127) 5 (127)

7 15 (381} Not Applicable Not Applicable

v+ - Measuraments prefaced
extending into “cone®

surface.

on the unexposed surface, the
appeared unchanged except for some

coating.

with (=) indicate damage height
of mastic coating beyond unexposed

cables and mastic coating
discoloration of the mastic
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=n wall Assembly No. 2, a ceramic fizer fiil density ia zhe
~eigndazrnood of 4 pct (628.3 n/m”) was des:Ted lor Penezration
Nos. 1, 2, 4., 5, and 6. For Penetration Nos. 4 and 5, zhe desived
ceramic f:ber Zill densicty was achieved, although Zor Penetratcion
No. 4 zhe low £i1] density made applicatzion of the mastic coating
a slow process. fFor Penmetration tios. 1, 2, and §, it was not
cossible 0 achieve the desired ceramic Zider £ill density Decause
che weight of the cables comprassed the ceramic fiber Detween tne
sieeve and the cables and between successive layers of caoles.
-he ceramic Zibar fill densizies achieved for Penetration los. i,
2, and 6 in Wall Assembly No. 2 were the lowest practical fill
densities achievable by the installers with the cable fill enmployed
for the three penetrations.

Report DY: R.Vi::ég’g%j o
c. J. JOHNSOHN - .
Senior Engineering Assistant %i;-:é' 1&* 22}4~,
Fire Protection Departiment [

L. J. PRIYBYLA

Senior Project Enginesr

i;Ei:Pz;};%;;izlez;ftgcn:

K. W. HOWELL
Associate Managing Engineer
rire Protection Departnent
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TALIE A
SIMMAIY - FLOOR ASSEHBLY NO. 1
{NC601-1 Tested March 4, 1980)

Ceramic Flber Flamemastlc

Averaye Ixy Coal i)
—_hickness, In. (m) _

Surface AL 180 Hin, beq F

ration ! Denalty 5 Qoating Ex e xposcd

D. Penctrating Item pct (n/my”) Type _ _ Surface

: 16 cables (31.2¢ £i11) 6.8 (1068.1) 77 / 0.500 (12.7) 0.458 (11.6)

' 16 cables (31.2¢ £i11) 6.8 (1068.1) F17 0.500 (12.7) 0.479 (12.2)

I 16 cables (31.2% €ill) 6.8 (1068.1) 1 23] 0.396 (10.1) 0.521 (13.2)

| 16 cables (31.2¢ fi11) 6.8 (1068.1) A 0.1396 (10.1) 0.500 (12.7)

) 16 cables (31.28 £111) 10.4 (1633.6) F17 0.646 (16.4) 0.771 (19.6)

; 16 cables (31.2¢ £111) 10.4 (161).6) P17 0.542 (13.8) 0.688 (17.5)

' 16 cables (31.2% £illp 10.4 (1631.6) F77 0.729 (18.5) 0.608 (17.5)

) 16 cables (31.2¢ £111) 10.4 (161).6) F77 0.667 (16.9) 0.667 (16.9)

) 16, cables (31.28 £il1) 6.8 (1068.1) F77 0.453 (11.5) 0.56) (14.1)

) None (conc. Eil)) N.A. N.A. N.A. N.A.

l Pipe LN H.A. N.A. N.A. N.A.

? }one (conc. fll1) N.A. N.A. N.A. N.A.

) 495 cables (43.7% ELL1l) 7.6 (1191.8) 7 0.58) {14.8) 0.844 (21.4)

1 '99 Cables/Tray 7.7 (1203.5) m 0.516 (13.1) 0.656 {16.7)
(40.20 £ill/xray)

5e 138 cables (8.6% £il11) 7.8 (1225.2)  2}] 0.547 (13.9) 0.550 (14.0)

(4 138 cables (8.6% €ill) 11.6 (1822.1) F17 0.672 (17.1) 0.800 (20.))

ate slab N.A. ‘N.A. N.A. N.A. N.A.

¢ _ penatration Nos. 13, 15, and 1§ were intended to slmulate the terminatlon of

cable trays sbove and below the floor with continuation of cables through
usa of cable trays

with a loading depth of 3 in. 176.2 mm), the followirg cable tray percent
fills were simulated.

the

prT-O°TII

flooc penstratlon. Based on the submitter's

renstration Simulated Cable Simulated
No. Tray Oonf lqurat fon pPercent Flll
13 one 30 In. (762 mm) wide tray 87.5/tray
15 ™o 24 in. (610 wm) wide trays 37.4/tcay
16 o 24 In. (610 mm) wide trays 37.4/tray

Maximuas lislividual

Tumgnetature

194.2
268. )
262.0

285.5 !

Jot.?
172.4
298.9
215.0
65).6

2
207.1

216.2
132.1

602 10 ¢1 1 abed ‘g uswyoeny
6661 ‘/1 loqusoa(

(0 UoIsiney

JUSLWISSSSSY [BSG UOljB}aUdd

G20v66
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TALLE B
SUMMAIY — FLOOR ASS1aLY NO. 2
(NC601-] Tested July 17, 1980}

Average Ixy Coatiyg
Ceramic Fiber Flamemastic Tulckness, In. (s} Maximss lilividual

wtion ’ T Denalty Ooating Exposed Uexposed  Tumeratue
. Penetrating Item pef (n/m”) TYpPe Surface  Surface At 180 Min, txy ¥
1 cable (2% fill) 5.9 (926.8) FN7 0.271 (6.8) 0.229 (5.0) 218.6,
1 cable (28 fill) 5.9 (926.8) F11-A  0.229 (5.8) 0.229 (5.8) 221.5
16 cables (31.28 £ill) S.1 (801.1) F17 0.250 (6.4) 0.229 (5.8) 261.1
16 cables (31.20 fi11) 5.1 (801.1) FJ1-A  0.250 (6.4) 0.250 (6.4) 264.4 ‘
1 cable (2¢ fill) 3.9 (612.6) F1? 0.229 {5.8) 0.229 (5.8) 205.9
1 cable (28 £111) 3.9 (612.6) Pll-A  0.250 (6.4) 0.250 (6.4) 211.4 '
16 cables (31.28 £i11) )5 (549.8) F1 0.271 (6.8) 0.271 (6.8) 218.4
16 cables (31.2¢ fl11) 3.5 (549.8) f7l-A  0.250 (6.4) 0.271 (6.8) 264.6
None, (verm. ©ONC. €ill) N.A. N.A. N.A. N.A. 182.}
Pipe 9.7 (1519.0) F17 0.250 (6.4) 0.250 (6.4) %94.1
Mone (cer. fiber Lill) 7.5 (1182.8) e 0.250 (6.4) 0.250 (6.4) 249.8 o
pone (conc. £ill) N.A. N.A. N.A. N.A. 249.) w
}one (verm. conc. £111) N.A. N.A. N.A. N.A. 94.7 '
55 casblea/tray 5.9 {926.8) mnm 0.307 (1.8) 0.302 (7.7) 294.1 o
(29.0¢% £111/tray) ‘-
' 113 cebles (7.1 E£i11) 5.9 (926.9) 42 0.26) (6.7) 0.256 (6.5) 3h1.4
. 113 cables (7.1% fi11) 3.9 (612.6) 1 0.244 (6.2) 0.228 (1.3) 331.5
te slab W.A. N.A. N.A. N.A. N.A. 222.%

toe. 13, 15, and 16 were intendod to simulate the temination of

* - penstration
above and below the floor with continuation of cables through

cable traye
the floor ation. Bsoed on the submitter's proposed use of cable trays
with a loading depth of 3 in. (76.2 mm), the following cable tray percent "
fills were sisulated, i
1]
Penstration Simulated Cable Simulated o.
Ww. Tray OConfiguration rercent Fill
.-
15 ™o 24 in. (610 sm) wide trays 30.6/tcay ' i
16 0 24 In. (610 wem) wide trays 10.6/tray e
’ : :..
i
o
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- | o
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Ceranic FLbcr—---- 12
\ ; .
Nt 1 I
A v 3 .x‘: ..q .
Concrete Slab - i* N-- 2y )
A : 1. g, .% 12"
' : -r 4.4
4 T ‘> 3 ot y
Wi | B |
A .
Rt 12
Mastic Coating.---- HE
NE A — B -

Fire Side

t @)

N.on. s* g Slnwcl

PENETRATION VOLUME - 240 n3
CABLE DIAMETER -.708 n ~

- 16 (3l2%m)
CERAMIC FIBER AMOUNT- .65 I

CERAMIC FIBER DENSITY- 6.8 pct
FLAMEMASTIC F77
evD e . %AA in (3 reodno®)

PENETRATION
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Mastic c=aczing On —_ "\'-’- T —— ~a-a=i=z Tiser
~ao.es And selded— la . r4- Y, -gran.c sooel
w0 eve < Maszic Cczazing
Y- PN S.ee ‘/' d-f <. Dt/ e ¢ {Za 1
/e ’ 3
— — S
. "-14 . ae -c . \
.'2“-—{:'.)".'3”4 ElZ"--—— Cable Ends Cagsed Wizn™
ci-a Side LN Maszic Coatilg
£==% 2==2 N

|
3"—
7‘ ' D oy W@

PPN PRy ORI -
' 1 788 ) 49—t
1
' |
== 24" —

7C.910,1,iL = 8N CABLE JACKRTY/ MASPIC CoATMIG WTERFALK
Te.YI3_ - oN MmasTIC COArmiG AT £235 OF 8LENMG
1.6.%16,18 = ON MAITIC CotrINg AETVEEN CABLES And LbsS oF OPENING

ﬁ
PENETRATION VOLUME 7'1154 n3-

CABLE DIAMETER -.76% n

NUMBER OF CABLES - SO (321 % fill)

CERAMIC FIBER AMOUNT- 2.24 b

CERAMIC FIBER DENSITY- 2.2
siamwim AAATIR TYPF "o FLAMEMASTIC F77

WALL TEST NO.-&

PENETRATION-
NO. 2
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g" Ceranmic Fib !
Cantared In Sleeve 1
Nom. 1-174" ¢ Pipe
Nom. 4" # Pipe
Nom. 2" § Pipe

1
.J
P I

) Ends Of Pipe secured TO
support Rack W/Bolt At One . .
End. Pipes Free TO Pivot 1

Laterally On Fire Side.

PR

Section A=A

¥om. 1" Clearance Maintained
Between Pipes And Mastic
Coating On Both sides Of Wall.

' 18" ¢ Sleave

IC.757- oW SLETVE / MASONRY INTERFACE
1L°3p oM SLArvE/ MAST Coarnis mTLRFICE
7C.939,40 - 9N MASTIG COATIG DAY BgTweIN $°f POE Ave 58T TMLL
coda1 41,88 0m P17€ Jcrramm Fi84R mTERPACE _
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7.0.98~ - oW MASTIC COATING BETWELN CABLE TRAYS

La" 77 ox Cznctrele Z“.s:::/—
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!_____—-_——;-‘ -l _'.i_.'-'i-‘—/ 4‘///
; - — 5 = R
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AR i Cable Trays Ceantered
_.__12._,_-A-'. . A In Penetration
' T
c P a— e — 36" —
o, s Y
r—— A '——' A
! |
! 1
T_' - .v:
| (D ' &/ ‘2 0. -
- | 245 :
U seatatete bttt ,J;.;.:.;.t.;.;.;.;.- )
I ) (-
]
!
T PR RS
| 1
\._p A L— A
7 1,2,3 - ow CABLE JACKET/ MASTIC COATIMG INTERFACK
rc.? 4,8 - ON CARE TRAY / MASTIC COATING INTERFACE
re.%¢ -ON MASTR COATING AT £D&E ar OrENNG
7c. %79 -0 MBTIC COATING 2£TWEEN CADLES AND £D&E oF oreENING

W

—
PENETRATION VOLUME - 7488 nd

CABLE DIAMETER - .76% -

NUMBER OF CABLES - e (364%101/tray)
CERAMIC FIBER AMOUNT- 19.36 b

CERAMIC FIBER DENSITY- 4.0

- TIC FT77
MASTIC COATING TYPE - FLAMEMES asa in IR readncd)
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- wpy /a" €& 71 e I
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o .":‘: AJ} }_ -
PUpEIEN o K ] = -—-
i ] it I
AY 12" A
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YP !1@
—‘——--O /I:in @ .
- - O | s r I -
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AY - ' 12+ LIP
3"x24" y : - '
Slot(?yp. ,3 Plcs. [o) © ~~ \
'34. @‘ 1
- - = RO e o o 6 8 _e . -
l J........‘..?A“...L[__ 7 _-I
A L.—-r- l o o ! A
L ;‘-:J
Y i e I

1" =hick, 16 pcP— | -—_1
censity Ceramic

Fiber Board - 3

4" et

\\ _- 3*%20"x1/4" Steel

o= Plate (4 Req'd)

P26 oN CLRAMIC FIBER BaAtd/
TePIb 1TI18 on CABLE JACKET/ MASTIC. ConTING INTERFACE. TC.P 24 £/
N | Canc2ETE INTIABACE, REMAINING T.C.%'% SN SVAFACES CEPICTED.

A ——

PENETRATION VOLUME -10800 in3
CABLE DIAMETER -.765 in
NUMBER OF CABLES
CERAMIC FISER AMOUNT- 22.831b
CERAMIC FIBER DENSITY- 4.0 pcf
MASTIC COATING TYPE - FLAMEMASTIC

~mm A AmALTLIA TIRZAMES VA o100

168  (35.7%M fslot)

F77

acA i 1A rendinag)

WALL TEST NO. 2
PENETRATION --
NO.S -
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.__i_-’ ‘4. e . C."- — Masziz C= ting
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7C.731,32,38 = ON CIBLE JACKET /MASTIC COATING INTERFAE
1C."34,38,36 = OV MASTIC COATING MIDWAY BETWEEN CABLAS AND OPENNG

———— — —

—— —

e er— —_—

CABLE DIAMETER -
NUMBER OF CABLES -
CERAMIC FISER AMOUNT-
CERAMIC FIBER DENSITY-

MASTIC COATING TYPE -

PENETRATION VOLUME - 240 in3

WALL TEST NO.Z

765 in - 2
17 (39%1%fi) PENEJOI‘%AglON_
.56 1

5.6

FLAMEMASTIC F7I-A
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casle =nd Cazred——_
Wigh Mastic Ccaz:in ' 1

6" Seczicn A=A
Masti~z Ccating ‘k , '
Ceramic Fiber - A .

.A .
concretae Slab—/,'Q T

Mastic Coating—"]
rire Side i

| b e

Xom, 5" § Sleeve

7¢7 1 - ON CABUE JACKET/RANTIC COLTMG MNTERIALK

5 on MASTIC COATIil AT INTERFACK wiTH SASL 85 MAITIC CodTIng “Cona”
rc.'i o8 WASTIC cosTmie §TrROM B4IL oF MASTIC COMTING "CONE®
76913~ O AASIIC COATMS 1x FIELD oF FI&K sre’r

——ee——

PENETRATION VOLUME - 240 nd .
CABLE DIAMETER -.705 n
NUMBER OF CABLES - | (2 %fi)
- CERAMIC FIBER AMOUNT- .80 1

csnmlc FIBER oensm 59 pct
ars M AMATRVY _ €1 AMFMASTIC F77
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pect -
_ €1 AMFMASTIC FTI-A

————— o A

cazle Ind Capred —— _
Wown Mastic Ccating ) -
36" Seczicn A-A
[
Mastic Ccating- —\ 5
Ceramic Fibder --,—\ " ‘i"
! ,JL ' vl__
fal }- el lqli
Lﬂ“ ® . N v oa
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Mastic Coating—"f 12-
Fire Side
U .
A . A
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b _J
Nom. %" § Sleeve--
172 - on cras JACKET/MAIPIC COLTIG £IERIACK
726 - oo MASIIC COATING AT INTERFALE witd BASE 85 MASTIC COATING “CONET .
76710 = ou wAETN €osTing TrROM 8438 oF MASTIC CoaTHE “CONE"
tc.‘u_: Cu) MASTIC CQATING 18 FiaLd eF FIeK ITeS -
PENETRATION VOLUME 240 n.3 FLOOR TEST NO,.
NUMBER OF CABLES - | (2 %fl) NO. 2
CERAMIC FIRER AMOUNT- .80 -3
CERAM!C FIBER DENSITY 2.9
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MASTIC COATING TYPE - FLAMEMASTIC F7I-A
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FLOOR TEST NO. 2
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Ce-am:iz Fi‘:‘.o:-v--\ ' \‘ .g"
: 2 1.
Y-S PN R AT EY ':q:i
Concreze Slab -——‘.’A'd Ak A
«. '.A:l" .'.dl.%
a4 S s
IH
'T/ . 'I.

vastic Coating —-

Tire Side

PENETRATION VOLUME - 240 ind
CABLE DIAMETER =705 n
NUMBER OF CABLES - 16
CERAMIC FIBER AMOUNT- .99 b
CERAMIC FIBER DENSITY- /0.4 pct

~

(3r2%m)

MASTIC COATING TYPE - FLAMEMASTIC F77

36"

FLOOR TEST NO.{
PENETRATION-
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ra SiZe

Nom. S" ¢ Slnvcl

7c®20 - oN SIITIC CONTING v FILD OF FIRESTOP

. T |
— X" “’.:T—L‘,
FRRSEREN | I R FE IR
Czncrets Slal R e .l
J‘A.,.-.F-r_ q - 4!
fl’ ..A ‘J . ..-'C .':/?}
A4l -
: AR :
AR
(I' -'
vagzic Ccating -~

76920 - 0L CABLE JACKET AT wTIRFACH WITH MASTIC CoATiN
7.C529 - on MMIIC CoAT G AT BAIK 0F CABLE W THE INTERIOR

PENETRATION VOLUME - 240 in3 -
CABLE DIAMETER -.705 mn

. NUMBER OF CABLES - 16 (31.27%!fill)
CERAMIC FIBER AMOUNT- .99 b

AremAL~ CIORE ACAMEITY. " A nef

n
"
0
"

TC%23 - N MRIIC CodTING AT (NTERFICE WiTH BASE 8% MASTIC COATING *CONE” |

oF cABL BNOLL

FLOOR TEST NO.T_
PENETRATION
NQ. 7 -
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" vastic Ccating= [
N\

Ceranic FTibaer {ERA 12
N
HIt

L} 4D — -

lg”

!
A AR at-q
Concrete Slab —:.4 -I_;' .o 4| .
a. Al L9 12"
-..A:'- .-d‘ 7 .
PR 1311 I B S
r' ‘—.? - ! i
M ¥
A
RAK D .
Mastic Coatinq—/ 14: .
J1 ________‘-
Fire Side
A -

L @) _t

lo'-._. - Sl | SJ.nvnl

--

re. ‘z] ON CABME MCKET [ MASTTS COATING INTERFALE

],

¢.724 - OV AITVE COSTIE AT INTBRFACE" ‘wiTw BASE 0F AasriC. mmvo *Cong”
rc'z7 ony MMTIC conting § . sR80e 8438 08 peASTX umm I

7.C730 - ON MASTIC COATING 1N Fi181LD oF meg srof
. . .

-

PENETRATION VOLUME - 240 n3-
CABLE OIAMETEM- -.705 n

NUMBER OF CABLES - lb (31.2 %fill)

CERAMIC FiIBER AMOUNT- .99 i
CERAMIC FIBER DENSITY- 10.4 pct

P

FLOOR TEST NO.-
= PENETRATION®
.. - NOS8
111.2.G-282
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~a=.e IZnis T2azzed
wiom M2sSTLZ lzazting N
[ n
|
Sezzisn t-:
Attt —-—-‘
- Mastic Ccazing- 36"
RV R
Cezariz Titer —- . -p"
\;
; S | A I
s ST
Concreze Slab -—w=- 4 .4“. ‘4|
O R E I B DY 4 12-
|“ .'4:‘1, -'d-..?
= 4'] ' > ..4! 1
“, — J! -
q: 1
ALl 12"
AR
Mastic Coating -~ N
- - Y. e
Fire Sicde

Nom. S" ¢ Slesve—

7C242,43,44 = ON s43TIC CoATING (N /LD OF A& TSP

TCP45,4G,47 - o) AIITIC CLATIIE AT /NTERFACE WiTH BAIE @Ff MAIIIC COATING “ConE®

7C.#48,4330 - ON CABLE VACKET/MASTIC COATING INTERFAK

FCPSL ST < ON MASTIC BATING AT BASE-8F C/GLE M THE INTERMR oF AR sunoer -
70283 - 0N AMITIC COATING § M. FRIM BME o8 su3TIC ComNG “Conk’

_—— = —

PENETRATION VOLUME - 240 ind _

CABLE DIAMETER -.70% FLOOP%‘TEE_:TATP& -
NUMBER OF CABLES - /6 (31.2%f) 0.9

ZERAMIC FIBER AMOUNT- .48 1b
CERAMIC FIBER DENSITY- 4.8 pct 11.2.G-283
VAETIA AAATIIA TYDE | 1 AMFMaAcTI~ 77 m
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. Q Lt : q'. 4.-_:-4.-_-""."<..'-'v ...A..'
concreza stan—"5. < T b Ra T e
Z TR DR SN (K '4% 12"
;‘ °.|'. 4L J R LI g
4., L :
f : A o .d' _’Q. : 1
. . y
__“,//’//' r Fire Sice
No. 3 Szeel 3ar _—

Anchors (4 Reg'd)

Section A-A

Nem. 18" ¢ Sleeve-

j. —— i

MM

CABLE

( NUMBER OF
CERAMIC FIBER

CERAMIC FIBER DENSITY

MASTIC COATING
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~ac.a Inds Jagged ——
. zn Masz:.Z lcas:ing N
",TT —_—— l
SecsLzn f-A
. , M1 1 .
© Mastic Coating- 36
Ceramic .'.ber—-———\ 1 \‘ 17"
A 1] 1
A I *
Concrete Slab .. - ey
) T™.< " ., 12"
A « {
MIWS - 1
/ /"/, | 1
wr 12"
Mastic Coating / _/;; . }
7 ]

Fire Side

7C.23 - ON CABLE JACKET [MASTIC COATING INTERFPACE

7. b - ON AMSTIC CodT™VR AT INTRRFAE WiTW BASE 67 MASTIC CSATING Comt®
r.¢? G - 6w MMTIC COATING S . o BUSE OF 13T CoATING cong ™
7.C? 12 - ON MASTIC CoATING 1N FiliLD OF FIEA 3T -

FLOOR TEST NO. |

PENETRATION .
NO. 2

-.708 =n
NUMBER OF CABLES - lb (312%Mm)
CERAMC FIBER AMOUNT- LS b

CERAMC FIBER DENSITY- 6.8 pcf
ciaevir AAATRA TYPE - FLAMEMASTIC F77

e 111.2.G-285
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A A < Mineral wecol 3azis— .
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T / A
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1 S p /c:'-: 3 <
' ® @@ | 17
30 Oy 70034 3 — 2 :
f . 13 g o 1.C.496 © , -3 j
—— © oo
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i =] hse | a
. . - L)" /
| 7] -"*
| — et _
3 S i
l 4'11° ;/.
l‘_ " .
|| i s, e
. - e
. 142" 1
construction Details - Floor Assembly No. 1
Penstzation Thermocouple construction Details And
No. : NOS. Thermocouple Locations
1 .- ETI. 3
2 3, 6,9, 12 ILL. 4
3 1, 4, 7, 10 L. 3
4 2, 5, 8, 11 ILL. 6
5 .19, 22, 25, 28 L. 1
6 - m. .
7 20, 23, 26, 29 ILL. 9
] 21, 34, 27, 30 L. 10
9 42-33 L. 11
10 13 1LL. 12
11 15, 16, 17, 18 L. 13
12 - 14 - 1LL. 14
13 - 31-41 L. 13 -
14 54-69 L. 16
15 70-82 nL. 17
16 $3-9S ILL. 18
Concrate 96 - - Sse Above -

« HIL2.G-286
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cn expCsed soslaze —
__.I\I—D —~ A
_— — -
. | ' 1 } 2__;. 'ﬁ E
—. i 1 T
T ' (-
R R
e 1 Q=T —
‘ s /rf.;u T_J
| N =
s . ‘ \f 'E’l .
' o , | Flire—"r
T Side P
—7 T
: L R .

: section A-A

14°10%"

construction Details - Wall Assembly No.

enetracticon NermocoupLis

onstruction

1

calls

No. Nos. Thermocouple Locations

1 25-30 ILL., 43

2 10-15 ILL. 44

3 37-40 ILL. 45

4 1-9 ILL. 46

S 16-24 ILL. 47

6 31-36 ILL. 48

7 41-43 ILL. 49
concrate . 44 See above
conc.Block 43 Ses above

ILL. 42

I11.2.G-289
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4
4L ~— Magtic Ccoating Cn Catles
. . R - And Helded WALl Sleeve
uwaszic Coating— " "2 = >.\
. : '

L o ey 1

T n —— ﬁ‘\
= b 7 SR ) .
ceramic Titer 74 ! L d-_._! gn - \\

A DRI ' Cable Ends Cazged-
- .——1 2" —— With Maszic CTzasuin:

7¢.%25.24,7 - ON CAMLE GACKET/ MASTIC COATING TERFKE
IeP2e N MASTIE CaaTI 47 a8 oF SLBYE
e’ 9 . ol AUITIE COaTRG AT oAl oF 3288
rc3e - S.LavE ) CONSRETE INTERINCE

PENETRATION VOLUME - 1154 in3 WAL TEST NO,
CABLE DIAMETER - 705 ® PENETRATION

CERAMIC FIBER AMOUNT- 4.07 I

CERAMIC FIBER DENSITY- 9.5 ot

) c F77
MASTIC COATING TYPE - FLAMEMASTIC /77 o

MI11.2.G-290
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12¢ Tnock Cornorete InserT—

uaszic Ccating On N o cazamic Finer
cazles And Welded— 14 . "4~ 4 Y, ~es =es
i1y et e - L A Masziz Czazin
nwall SleeVv / —a— o B . i
2 A .
—
— N S
L Y E ~
afleray -
*—12'*1.'.‘?-1"& 17— Cable Ends Cacced Wizs-
~icq Side R Mastic Coat:ing
Tir W
Section A-A
A
L
K 1
| 's 0 s@

T Te o 000 000 0 0 010 0,0 .

6" P AT LT L

R B

1€ 910,11,/ ~ Ont CABLE JACAET/ MSTIE COATIS wriarss
Ze.TI3 - 0N MASTIC COATAIG AT KdaS oF ePENME
1691618 - 0w MaITIE Cottwia SATVCIN CABLES A¥D 1044 6F OPENME

— —— - —— e -

PENETRATION VOLUME - 11S4 nd _
CABLE DIAMETER -, 708 n
. NUMBER OF CABLES - 39 (292 %31
CERAMIC FIBER AMOUNT- 4.07 B
CERAMIC FIBER DENSTY- 9.5 pct
MASTIC COATING TYPE - FLAMEMASTIC F".7.7

R T

111.2.G-291
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|'_.,',I§'§.-v' ? —No. 3 Steel 3ar Anchers
- ‘-|.°.°'A?.'v < y (4 Req'd)
=
1'4

b,

. ‘o 4 -— 8" Thick Sakrez QSCcn:e:ed
. In 20" :orq Sieeve

Ll

=R

3* {(Typ.) .
-
Fire Side Q.V.MA. ~A. Section A-A
————— ~
14

16937 On GOWNCAETE AT CONTER OF 3LILVE
£C918° o QaumALre 41 Ats scaavE . wilh

70.929- N ContaqTs I° Pheny TLeavE wash
10 240> 0N CoreRETE / Sia8VE wrsae™

MWALL TEST NO.

PENETRATION-
NO. 3
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. -'7.‘4 : ._:.I
—. A‘A' D
Mastic Coating-— AA >'l/-:a:a:..i: Titer E:EE:d:-if-
N g =i 255 Maszic Czasz:in R ,.-;: :;;.;;.-.:
%:.‘C/’}'\L 2 g 13t
e = = - —_
e-a ey S — = = s
; NS
‘ DD, /
: V'ATq) :, Cable Trays Centered
! - L0 T In Penecration
-—12m e A
A 6"
Lo, Q T4

f“"
RS @—1/@) \‘J_ :\3’)‘ .l -
] -
O R RN I ST UM | RO AL § g
127 [ = !
' @ > @
Y

| Gye 1 at

3
-

16.%1,2,3 - on CABLE .Mcur/wsnc COATING INTERFPACK
re.” 4,8 - @N CANE TRAY / MASTIC CoaATING INTERFACK
re. e - oW MASTIC COATING AT HDQK oF OFENING -
rc.®79 - MNATIE CoATING 24TWEEN CABLES AND M or, owa
7.6.98 ~-on NASTIC COATING ~BeTWALN CABLE TRAYS_ .

PENETRATION VOLUME - 7488 ind
CABLE DIAMETER -..708

NUMBER OF CABLES - (98 (ws%m/tny) LT T
CERAMIC FIBER AMOUNT- 27.55

CERAMIC FISER - 7.3 pet ]
MASTIC COATING -  FLAMEMASTIC F77

I11.2.G-29
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E_C_'i..'—:.:.:___:.‘—'i .\1' PSS _1 NED —_—— l
i i . — aszic Czsatins
E"-"'Lé;’e- '. —-Zezamis Titers --
- ! r
\ ,__I 1 e U .
P et A Lo >; l
oo snsen ——=2 B ES L L b eva,
Cancrece InserT./ 4'-¢;‘;‘:‘\ - e g S
TN et I
‘-~M¢Z/‘//2/ ’ '/,'/ / }’/ _ - {
'/2‘7/ f/’//"f AL 12-
Mastic Coating—/};; ) ' "/{_,/,’: LY ;//‘V . >
’rfo'xa//./.’; «af / 1
il .

% With Mastic Coazing
3"x33"x1/4" Steel e 1 O 17
plate (4 ch‘d)—\.:?—— -‘;:—— _I;—-—_—.{o 9= )
St I A i B RR A R R
A oen(Typa) ' - 12° A

T—|° A g
- lo.o.ol:l.o.o.o..:oﬂ -'+ .- .
Ar o oo;ooooo.oo °1|2. —_‘A
I"x24” /

slot(Typ. .3 Plcs.} 7 T o |
—— Sty —e

-= B '0.0‘0:0:0:0.0:.:.: 7" _1
N r . ° }_ 9 O o [] __Ll A

j . ! “ }

- kc 1‘ m i P—— ‘.——q i
éon‘:?.t; Ceranic ! 3"x20"x1/4" Steel
riber Board - 16" - Plate (4 Reg'd)

I . $26 on CERAMIC FIBER B2ALY)
. CXET/ MASTIR conTin8 INTERFALE. 123 .
TCS T 0I8 O Ciart f:nnuu. Ramaine TC.OY On SUASAES OEPIETHY.

WALL TEST NO.
. % in- PENETRATION
NUMBER OF CABLES - 177 (320%fB /slat) 3 -
CERAMIC FIBER AMOUNT- 44.9 Ib

CERAMIC FIBER DENSITY- 7.8

MASTIC COATING TYPE - FLAMEMASTIC F77

S v FAATING THKNS. EXP. SURE - 248 1. (10 reodng®

ﬂ I11.2.G-294

ni 47



AMENDMENT 13
99-4025 Revision 0

Penetration Seal Assessment December 17, 1999
Attachment B, Page 165 of 209

i --.2% TSnSlete nsert —
. . 4 > vl Ve Cezamic :-';;e:
vaszic Coating-- ey e Maszic Coating
o —A -
—- ——
- . - = .Jr_._-——'" '\ .
WA - v .7
-—12" Q. .A Il 2
: ; QA - Cable Ends Cazced-
E.:‘—:-E—éis'! \ With Masti.c Tcatins

Nom. 5" £ Sleeve

1C.231,32,39 = ON CAME JACKLT/NASTIC COATING inTERINE
7C.”34,15,38 = OV MASTIC co4TING MOWAY SETWEEN CABLES AND OPENING

> -

PENETRATION VOLUME - 240 nd

CABLE DIAMETER -.708 n -

- NUMBER OF CABLES - 15 (31.2%Mm)

“\ CERAMIC FIBER AMOUNT - % b

) CERAMIC FIBER DETPYlggY- 6.3 pct c F77
MA.ST.‘.E‘.C?.&T.E?“- TueNe EYP SURE . - .229 n (3 reodngs

WALL TEST NO. |
PENETRATION -
NO. & -
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Nom. 18" ¢?i;c-——-—.
Cagped wizh 1747
Thick Steel Plate

- >
B = S~ Ceramic FiSer

Blanket

ELIRANK

Fire Side

"[?\\—-Concrctc Block Wall

5

Ceramic Fiber 3lankex

rC? 41 0N SaEVE [ MASONRY INTERPME
1e.%42 cu CaRAMIC nm SLANKAT/ SLLEVE INTERPACE
Tc.743° ow hr:/a'umr MGER BLANKET INTERPILE

WALL TEST NO-

PENETRATION
NO. 7
CERAMIC FIBER

CERAMKC FlBER DENSFTY
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‘ ! side
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i A
| Lea l‘ Section A-A
' -
| -~ 14"10%" -
|
( construction vetails = Wall Assambly No. 2

! enecration L armocOuple constIuction

'l No. Nos. Thermocouple Locations
: 1 25-130 ILL. 54
' 2 10-18% L. 58
! 3 37-44 ILL. 56
! 4 1-9 1LL. 87
\ s 16-24 ILL. S8
X 6 31-36 ILL. 59
7 45-47 gz.:.‘g:“
concrete 48
COnc.Block‘ 49 See aAbDOVeE
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o — Yastic Ccazing Cn Calles
/ And WelLled wall Sleeve

-
Y

. = -

7 N
ceranic Fitez——a L 34 | ~
o l ; Cable Tnds Car-ted
e '?-'bd-—-l?——- wieh MaszTic JcTazinig
-3

7¢.215,25,K7 = ON CAME ACKIT /A STIG COATING WTORPACE
reras < N mnre coarvs A7 s2eg oF 3A8VE
re’® . ow MISIIC CRITING AT COANTA OF ‘suava - "y
re?lo  -oN Suavs/ Cancasre rrae - = -

PENETRATION VOLUME - 1154 i3 a2 WALL TEST NO-
NUMBER OF CABLES - 50 (331%f) NQ. |
CERAMIC FISER AMOUNT- 224 I _ 12.G302
CERAMIC FIBER DENSTTY- 82 pet = __ o 41.2.G-
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3.1 SESIGN QF AT TNFORCED CCNCRETE:

P

~w g nominal 12 in.

(305 mm) thick reinforced concrete wvall

i~gerzs vere designed in accordance with the recommendacions of
-ne American Concrete rnscizute to provide a ninimum 3 hr £:ize

resiszance.

8.2 MATERIALS:

Cancrete - 7he ready-mixed concrate, obtaine
source, was composed of one part Type 1 Portland
carzs sand, and 3.2 parts gravel (siliceous aggre

4 from a local
cemant, 2.1
gate) by bulk

volune, mixed with appraximntnly 8.4 gal (31.8 1) of water per

wag of cement.

as determined from four standard 6 by 12 in. (15;
cylinders aged 28 daxn, w!rc 4490 psi (3.10 x 10
n/m" )., :oa;octlvnly. The ltrcagth ranged
n{a‘). The

153.8 pcf (2.42 x 10
to 3.14 x 10

dcgsityztlnch from 153.1 to 154.5 pet (2.40 x 10
10 Tne average slump during placement was €-7/8 in.

(175 mm).

~he average strength and density of the concrete,

by 305 mm) -
n/a‘) and

to 2.43 x

Reinforcenment = The reinforcement for the concrete wall

inserts consiste

of No. 3 detormed stee) bars (AST™M A6 steel).

~ne reinforcement bArs were shop-fabricated by a locel source.

Sleeves - Two sizes of pipe and welded rectangular assenblles

wvere use

23 sleeaves in the comerete vall inser

ts. Tha sleeve for

Penetration No. 6 was a aominal 8 in. (127 na) diameter steel
Sschedule 40 pipe, 12 in. (303 =a) long, having an inside diameter
of 5.047 in. (128 =) and & vall thicknass of 0.2%8 in. (6.55 ma).

e slesve wes
38 by

provided with three § by 1-1/2 bY 3/16¢ in. (203 by
4.7¢ ma) thick steel anchor plates welded to the outside of

the sleeve at the slecve nid-height with 3/16 in. (4.76 m) fillet

wealds. -

-

- a

~d-.

I11.2.G-317
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2age 3-¢ Issied:  ll-l"-d

~w¢ velded rectangu.ar sleeves Ic5r Perezration Nos. 1 and
: were forned from =274 1n. (6.4 mm) sceel Z.ate, as shown in
---. Bl. Each sleeve was provided wiid two 2 by 6 dy ./4 in.
(51 oy 152 by 6.4 =m) thick steel ancnor plates welded to the
ou=side of zne sleeve, 2T the sleave xid-depzh, wita 3/16 in.

(4.76 mm) £illet welds.

3,3 CONSTRUCTICON:

~we concrete wall inserts were each constructed on the floorv
iq a lumber framework. For Penetration Nos. 1 and 2, :he sleeves
vere centeced in the lumber sramework with zheir splayed end down
such zhat 6 in. (152 mm) of the narrow end would protrude from
the concrete. For Penetration No. 6, the pipe sleeve wvas placed,
vertically, in the center of the lumber framework and wvas filled
vith sand so as to exclude concrete from the interior of the pipe
sleeve. FOT pPenetration No. 3, a plywood platform was constructed
vizhin the lumber framevork such that the sleeve was centered in
the lumber framework and such that both ends of the pipe sleave
would protrude 4 in. (102 mm) from the concrete vall insert. Por -
Penetration Nos. & and 3, lumber forms for the rectangular and
square openings, respectively, were tabricated and centered in

the lumber frameworks.

-ne concrete vas placed in each lumber framework, internally
vibrated, and was finished to a smooth, flat surface vith a trowvel
and wood float. The reinforcenent bare vere exbedded in the con-
crete during its placement such that & set of the reinforceament
bars was located approximately 1-1/32 in. (38.1 =a) from the ex-
posed and unexposed surfaces of esch concrete wall insects, as
shown in ILL. B2.

I11.2.G-318
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B WELDED WALL SLEEVE

L5 27 C" ANCHOR %"

(TwWO PER 5«1,:7 /—
T 7 S 2
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; NO.3 SARS (TrPICAL THRIUENOUT)

N AR o'
[:I_C—————l’::——‘. |_ TE==i]
\ﬁ‘——ﬁ J |

ReINFCRZCIAENT CETAILS, PEINETEMT/22)
20S. t AND 2

B N
Em=====x| .
' P i
2eIFORCEMENT EETAILS, RENFOREMENT DETAILS,
SEIIETEATI3H) NO. 3 PENETRATION NO. &
{ wALL ASSEmBLY NO. / onty)
== -
l <
| | SO
. Z >4 N
| l l VN
G A LENRRCEMENT DITRILS
- T PErETRATION M & -
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.. STALEZ:

(A)

~~a scale used throughout the inveszization was "Tcledo
=ones: weignt,” Model No. 4030, Ser.al No. 7043, UL Instrunent
vo. 473543, The scale calisrazion was checked dy & Toiedo Scale
rcp:eson:a:ivo on July 23, 1979, Canuaty 4, 1980, March 21, 1983,

and May 28, 1380.

2.2 TURNACE —~cupERATURE RECORDERS:

c.2.1 TFLOOR FURNACL ~EMPERATURE RECORDER

<-e¢ temperature recorded used £or both tloor fire tasts
vas _eads & Norethrup. Model No. G, Serial No. $3-32931-1-1, UL
tnstrument No. 6FB3TR. The recorder calibration was checked by
= —aeds & Northrup representative on June 19, 1979, Decambar 14,
1979, and October 16, 1980,

=z
C.2.2 WALL FURNACE TEMPERATURE RECORDER

~he temperature recorder used for the first wall fire test
(NC601=-2) was Honeywoll, Model No. 2112-74180-58020-00000-00-
00000-(106)~-18, UL rnstrunent No. 30FDSTR. ~he recotrder cali-
nration was checked.by a Boneywell representative on March 31,
May 1, and June 27, -1980.

~ne temperature recorder used for the second wall fire test
(NC601-4) was the same recorder used for the two floor fire tests.

Cc.3 DIGITAL DATA AC UISITION SYSTEM:

e digital data acquisition syatem used throughout the
investigation was Accurex Autodata Nine, Serial No. 1-76¢3. The
recorder calibration was checked by an Accurex representative on
Septenber §, 1979, and Pebruary 27, 1980. )

x -

111.2.G-321
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AMENDMENT 13

DRESDEN 2&3

FIRE PROTECTION PROGRAM DOCUMENTATION PACKAGE

Test Reports

Page Title
II1.5.A-1 June 1985, Southwest Research Institute Report entitled “Qualification

Fire Test of a Protective Envelope System,” Volume I

1I1.5.A-3 June 1985, Southwest Research Institute Report entitled “Qualification
Fire Test of a Protective Envelope System,” Volume II

111.5.B-1 December 31, 1999, 99-40540 3M Fire Wrap Qualification Evaluation
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QUALIFICATION FIRE TEST OF A PROTECTIVE
ENYELOPE SYSTEM

FINAL REPORT -
SwWRI PROJECT NO. 01-7912a[1]

FEBRUARY 1985

REVISED JUNE 1985

Prepared for

3M, INCORPORATED Sv
3M CENTER : r
ST. PAUL, MINNESOTA 55144 R |
FPDCC | B30 l
INITIAL /Lﬂ,
e
SOUTHWEST RESEARCH INSTITUTE
SAN ANTONIO HOUSTON
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AMENDMENT 13

DRESDEN 2&3

FIRE PROTECTION PROGRAM DOCUMENTATION PACKAGE l

The document entitled “Qualification Fire Test of a Protective Envelope System,” volume I,
dated June 1985, is found on microfiche following Tab IX of Volume 7.
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QUALIFICATION FIRE TEST OF A PROTECTIVE
ENVELOPE SYSTEM

REVISED FINAL REPORT
SWRI PROJECT NO. 01-7912[2]
JUNE 1985

Prepared for
3M, INCORPORATED

3M CENTER S
\od

ST. PAUL, MINNESOTA 55144

|F FPDGO &30

CINITIAL /bﬂ( I
¢

SOUTHWEST RESEARCH INSTITUTE
SAN ANTONIO HOUSTON

This repont s for the informetion of the Sponeor. || may be weed i i entirery [or the parpost of Macering product scceptance {rom
duly constivared approval snthoritins; however, this report or the name of the | sazicwee shall st e woed i Publiciry or sdbwertining

IIL.5.A-3

4—ﬁ------IlllllllllllIlIIIlllllllllllllllllllllllllllllllllll




AMENDMENT 13

DRESDEN 2&3

FIRE PROTECTION PROGRAM DOCUMENTATION PACKAGE

The document entitled “Qualification Fire Test of a Protective Envelope System,” volume II,
dated June 1985, is found on microfiche following Tab IX of Volume 7.
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