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1.0 OBJECTIVES

The purpose of the Phase II testing was to identify and test
additional penetrations (new and redesigned) to expand the number
of alternative designs available to shipbuilders. These pene-
trations are described in Appendix A. The Phase II work also
included modifying and retesting specific penetrations which
failed the Phase I testing (Reference 1). A secondary objective
was to determine the fire rating classification of each test
sample (i.e., Class A-0 through A-60, B-0 and B-15) and to
investigate the effects of insulating both the fire and non-fire
side of the penetrations. This data will be used in establishing
a performance test for individual penetrations submitted for
future U. S. Coast Guard approval.

2.0 BACKGROUND

Shipboard fire barrier bulkhead and deck materials may be
highly resistant to fire, but if the numerous barrier
penetrations necessary for piping, electrical cabling, and
ventilation ducting are not equally resistant, barrier integrity
can be seriously compromised. To avoid this, details of bulkhead
and deck penetrations must be examined to ensure that they do not
adversely affect the fire resistance provided by the barrier in
which they are installed. Presently, bulkheads and decks aboard
merchant vessels are designed to meet fire endurance requirements
which are dependent upon their location within the vessel. Once
they are installed, they are often breached to allow piping,
wiring, or ventilation ducting to pass through. In order to
maintain an effective fire boundary, these penetrations must be
properly sealed to maintain a degree of fire endurance equivalent
to the structural member they pierce.

For example, a penetration through a Class A-60 deck or
bulkhead must be capable of: (a) preventing the passage of flame
and smoke for one hour, (b) preventing a local temperature rise
on the non-fire side of more than 325"F (180"C) above ambient
temperature at any one point, and (c) preventing an average
temperature rise on the non-fire side of more than 250°F (139°C)
above the ambient temperature (Reference 2).

A penetration through a Class B-15 deck or bulkhead,
however, must only be capable of: (a) preventing the passage of
flame for one-half hour, (b) preventing a local temperature rise
on the non-fire side of more than 405"F (2250C) above ambient
temperature at any one point, and (c) preventing an average
temperature rise on the non-fire side of more than 250"F (139"C)
above the ambient temperature (Reference 2).

Criteria found in 46 CFR (Subpart 72.05-10) (Reference 2)
establishing fire resistance of bulkheads and decks are based on
the widely-recognized ASTM Standard E119 test method (Reference
3). With the E119 method, the test fire barrier panel is
incorporated in one face of a furnace. The test furnace is then
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fired, and the rate at which the temperature inside the furnace
rises is controlled so that the standard time-temperature curve
is closely followed. The E119 test measures the fire resistance
of the test barrier as determined by the time elapsed before
failure (i.e., the passage of flame or smoke, or excessive heat
transmission through the barrier). The most important features
of E119 is its time-temperature curve. This curve is generally
regarded as a more severe exposure than that observed in the
typical compartment fire.

Standards which deal with penetrations such as ASTM E814
(Reference 4) and UL 1479 (Reference 5) have appeared only
recently. ASTM E814 and UL 1479 are similiar in that both
incorporate the standard time-temperature curve from ASTM E119
and both allow the same time elapsed before smoke or flame
appears on the non-fire side and the same time elapsed before a
limiting temperature is exceeded. For the purposes of these
tests, UL 1479 may be considered identical to ASTM E814. UL 1479
has been included as Appendix B.

3.0 APPROACH

The Phase I evaluation (Reference 1) used the ASTM E814/UL
1479 test to identify penetrations designs which could be used to
meet Coast Guard requirements for piercing Class A-0 and Class A-
60 decks and bulkheads. Additional tests were needed to identify
other practical penetrations and to expand the number of design
options available to manufacturers and shipbuilders. This Phase
II testing included modifications to earlier penetrations, new
designs and also investigated the effect of insulation on the
non-fire side of the penetration. In addition, this testing
identified the specific fire rating obtained by each penetration
instead of just examining two ratings as done in the Phase I
testing.

A recognized standard laboratory fire resistance test method
using a test furnace with a controlled time-temperature curve was
considered essential for ensuring the validity of the tests and
for reducing possible variations in the results. In addition,
this type of testing with a controlled temperature curve could be
reproduced at a later date and the results compared using
different test samples. A modified ASTM E814/UL 1479, where the
fire stop devices were installed ir a steel deck in lieu of a
concrete floor, was used as the test method because it complied
with these criteria. Although ASTM E814/UL 1479 defines the term
through-penetration fire stop as a penetration in a bulkhead or
deck which includes fire resistant material, the term
penetration will be used in this report for brevity. The term
penetrant has been used in this report when referring to the
penetration component, such as a tube or sleeve, that actually
pierces the boundary structure.

The penetrations tested could have been installed in either a
deck or bulkhead. They were tested in what was considered a
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worst case scenario, an overhead deck installation in lieu of a
bulkhead installation. The types of penetrations investigated
were:

- Piping: steel, copper, plastic (PVC) (Figure 1)
- Ventilation ducting: without damper (Figure 2)
- Electrical cabling: multiple, single cables (Figure 3)

Test exposure was designed to determine whether the pene-
trations met either Class A or Class B (when installed in a steel
deck or bulkhead) fire ratings for the passage of flame, smoke
and heat transmission. Eight pene-trations were not insulated
and the other thirty penetrations were insulated with approved
structural insulation.

Individual penetrations were selected for testing from the
following groups:

Piping penetration details similar to those shown in
U.S. Coast Guard Navigation and Vessel Inspection
Circular No. 6-80 and Canadian Coast Guard standard
sketches (References 6 and 7).

Ventilation duct penetration details similar to designs
shown in Canadian Coast Guard standard sketches
(Reference 7).

Electrical cable penetration details similar either to
designs already approved by the U.S. Coast Guard and
listed in CG-293 (Reference 8) or to designs shown in
Canadian Coast Guard standard sketches. (Reference 7).

Primary interest was in penetrations for steel, nonferrous,
and non-metallic pipe; single and multiple electrical cable runs;
and ordinary ventilation ducting. A general description of each
penetration tested is included in Appendix A. A detailed drawing
and a technical description of each penetration assembly are
located in the individual data sections of Appendix C. Deck
coverings were not tested, since this would introduce a possible
flammability problem for the testing laboratory if the covering
or the adhesive on the unexposed surface of the furnace were to
ignite. Only one sample of each selected penetration design was
tested because of the high price of sample construction, test
costs, and the time required to test the many samples selected.

4.0 TEST METHOD

The penetrations were subjected to the modified ASTM E814/UL
1479 tests in order to obtain data as to their acceptability for
installation in Class A and Class B divisions. The standard
includes provisions for fire exposure, heat transmission, and
hose (water) stream tests. The ASTM E814/UL 1479 time-
temperature curve was followed for each test and the following
data was obtained for each penetration type:
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o The time that flame was observed on the non-fire side.

o The time that smoke was observed on the non-fire side.

o The time-temperature history on the non-fire side.

o Observations of significant details of the behavior of
the penetration during the test, and a description of
the condition of the penetration after the test.

o A photographic record of the test arrangement and
significant behavior during the test.

Each test was continued for at least 60 minutes unless
serious failure occurred earlier. Underwriters Laboratories' one
cubic meter furnace was used for all tests because of time and
cost considerations of setting up their large furnace for only
one sample per test. The smaller furnace was also more practical
and less expensive for compliance testing of a limited number of
samples being tested at one time. UL verified that the results
of tests conducted in their one cubic meter furnace were
comparable to results produced in their larger furnaces.

5.0 PROCEDURES

This research testing was intended to identify various
through-penetration fire stops that meet either Class A or B
criteria using the modified ASTM E814/UL 1479 fire test proce-
dures as a general guide. However, the testing was not intended
as a validation of either ASTM E814 or UL 1479. Therefore,
certain aspects of the testing procedures were modified to obtain
more extensive test data. This permitted investigating different
insulation placement, thermocouple location and penetrations of
various construction designs and materials for marine use.

Eighteen penetration types were evaluated in thirty-eight
fire tests. Table 1 shows the number of penetrations tested of
each type. One steel piping type was evaluated in one test. Six
copper piping types were evaluated in nine tests. Three PVC
piping types were evaluated in five tests. Three ventilation
duct types were evaluated in nine tests. Five electrical pene-
tration types were evaluated in fourteen tests.

Each penetration was installed in a class A-0 deck assembly
(Figure 4). Eight penetrations were tested for a Class A-0rating and thirty penetrations were insulated with approved

structural insulation and tested for a Class A-60 rating. Nine
penetrations were insulated on the fire side (Figure 5) and were
designated Class A-60E to indicate the insulation was on the side
of the penetrant exposed to the fire. Eighteen penetrations were
insulated on the non-fire side (Figure 6) and were designated
Class A-60U to indicate the insulation was located on the
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TABLE 1
NUMBER OF SAMPLES PER PENETRATION TYPE

Description Class A-0 Class A-60E Class A-60U
of Samples Samples Samples Partially

Penetration No Insulation on Insulation on Insulated
Types Insulation Exposed (E) Unexposed (U) Steel

Fire Side Fire Side Plate
Sample No. Sample No. Sample No. Sample No.

Steel Pipe D3/A-60U
Copper Pipe D4/A-60E D4/A-60U
copper Pipe D5/A-60U
Copper Pipe D6/A-60U
Copper Pipe D9/A-60U
copper Pipe DlO/A-O D1O/A-60E D1O/A-60U
Copper Pipe Dll/A-60U
PVC Pipe D14/A-O D14/A-60E D14/A-60U
PVC Pipe D15/A-60U
PVC Pipe D16/A-60U
Vent Duct D17/A-O D17/A-60E D17/A-60U
Multiple
Elect. Cable D19/A-60U D19/A-60-6E

D19/A-60-6U
D19/A-60-3E&3U

single
Elect. Cable D2 l/A-60U
single
Elect. Cable D22/A-O D22/A-60E D22/A-60U
Single
Elect. Cable D23/A-O D23/A-60E D23/A-60U
single
Elect. Cable D24/A-O D24/A-60E D24/A-60U
Vent Duct D25/A-O D25/A-60E D25/A-60U
Vent Duct D26/A-O D26/A-60E D26/A-60U
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unexposed (non-fire) side of the penetrant. Three penetrations
were insulated in a six-inch (15.2 cm) square around the
penetrant on the steel plate to determine the effect produced by
the hot plate being close to the penetrant. In this situation,
the penetrant actually acts as a heat sink. A number was given
before the E or U (e.g., A-60-6U) to indicate the depth or height
in inches of insulation on the penetrant.

Nine to twenty-eight temperature readings were recorded
inside the furnace and on the non-fire side of the penetrant and
deck assemblies for each test. The total number of thermocouples
exceeded that required for ASTM E814/UL 1479 in order to better
characterize temperatures occuring on the penetrant and on the
steel plate. For example, ASTM E814/UL 1479 required only one
thermocouple on the penetrant whereas five or more thermocouples
were placed on the penetrant for this testing. These
thermocouples were generally placed at heights of 4, 6, 12, 18,
and 24 inches (10.2, 15.2, 30.5, 45.7, and 61.0 cm) up the
penetrant's non-fire side. Although ASTM E814/UL 1479 required
only three thermocouples on the steel plate an equal distance
from the penetrant, five thermocouples were used in this testing
to better characterize the temperature on the non-fire side of
the penetrant. Generally, one thermocouple was placed on the
steel plate one inch (2.5 cm) from the penetrant, two
thermocouples were placed 3 to 6 inches (7.6 to 15.2 cm) from the
penetrant and two more were placed 8 to 12 inches (20.3 to 30.5
cm) from the penetrant. An effort was made to duplicate the
location of the thermocouples for each test but the size, shape
and construction of each penetrant often made this impossible.
Some thermocouples on the deck assembly insulation were
positioned over the seam produced when two sections of insulation
were joined. Readings from the thermocouples positioned on the
partially insulated steel plates which were outside the locations
required for normal fire rating classifications were ignored.

Observations and measurements were made for the development
of breaches or flaming on the unexposed surface, acceptable
limits of temperature rise and the passage of water during the
hose stream test. Pressures within the furnace and of the water
stream were also recorded. A 35 mm camera was used to provide a
photographic record of the tests. Videotape recordings were made
of each test and of the overall test procedures. Test data, as
recorded by UL, is included in Appendix C.

5.1 Test Assembly Construction

The U.S. Coast Guard and the Canadian Coast Guard selected
and designed the penetration samples and firestop systems. The
penetrations consisted of standard construction materials and
represented standard firestop systems. The samples were
manufactured by Davie Shipbuilding Limited in Quebec, Canada and
were delivered to Underwriters Laboratories in Chicago, Illinois.
Each penetration type was in a 36-inch x 36-inch x 3/16-inch
(91.4 cm x 91.4 cm x 0.5 cm) thick steel plate. All sample
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construction was representative of Class A-0 construction. The
UL staff secured insulation (rockwool batts) to the designated
side of the steel plates and penetrants for testing as Class A-60
deck assemblies. The rockwool batts complied with the Class A-60
structural insulation requirements of 46 CFR 164.007
(Reference 9). The attachment of the batts to the penetrations
and assemblies is described in Appendix C. A fire resistant
sealant (RTV silicone rubber with a one hour fire rating) was
used to seal the joint area in different penetration samples. A
caulking gun was used to compress the sealant to a 2 to 4-inch
(5.1 to 10.2 cm) depth between the different piping joints.

5.2 Fire Exposure Test

The penetration assemblies were tested in accordance with
the requirements of ASTM E814/UL 1479. The tests were conducted
in the horizontal furnace shown in Figure 7. The furnace has a
31.5-inch x 31.5-inch (80 cm x 80 cm) opening. A detail drawing
of the furnace is presented in Appendix C. Furnace temperatures
were regulated to follow the standard time-temperature curve in
ASTM E814/UL 1479. Type K chromel alumel thermocouples were used
for all temperature measurements. The thermocouple locations for
each sample are listed in Appendix C.

The standard time-temperature curve in ASTM E814/UL 1479 was
followed for each fire test. Figure 8 shows the standard time-
temperature curve and actual curves recorded inside the furnace
for three penetration tests. The temperatures for the other
penetration tests are similar to these three curves. A
comparison of the area under the test curves with the area under
the standard time-temperature curve indicates a deviation of no
greater than +/- 1 percent for each 60-minute test. This is well
within the Coast Guard acceptable deviation limits (Reference 9).

Prior to fire testing, the penetration samples were stored
for two days inside the room containing the test furnace. The
room lacked air conditioning and was located on the third level
of a four story building. All testing took place in mid-summer.
In order to expedite the testing, two samples were tested in the
furnace each day. As a result, the furnace temperature at the
start of the second test of the day was slightly above normal
ambient conditions, since 12 hours would have been needed for the
furnace to cool down to room temperature. These test conditions
produced an ambient room temperature above 90°F (32.2°C) with an
atmosphere of less than 50 percent relative humidity.

Observations were recorded during the testing in order to
determine the passage of smoke or flame through any penetration
sample. It should be noted that if smoke from inside the furnace
passes around the edges of the sample's steel mounting plate,
this does not constitute a smoke failure, since the smoke does
not pass through the penetrant itself.

13
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An electronic barometer was used during the fire tests to
measure the pressure differential between the furnace and the
laboratory. The differential pressure normally employed in
testing is that pressure which the penetration will experience
in actual operation. For our test purposes, the pressure
differential was that created by operating the furnace so as to
follow the standard time-temperature curve. This pressure
differential was measured and recorded for six tests. The
furnace operation for these six tests was identical to the
furnace operation for all remaining tests. The pressure
differential was 0.005 mm Hg (0.7 Pa) negative at the beginning
of each test, but gradually increased to a maximum positive
pressure differential of 0.01 mm Hg (1.33 Pa) by the end of each
60-minute test. Observations of the test results were recorded
for each penetration sample in Appendix C.

5.3 Hose Stream Test

As required by ASTM E814/UL 1479, a hose stream test was
conducted on the penetration samples immediately following the
1-hour fire test. The sample was removed from the furnace,
placed in a steel support rack and pivoted vertically 90 degrees
to represent a wall assembly. Approximately four minutes after
the furnace fire was extinguished, a 30-psi water stream was
applied from a perpendicular distance of 20 feet (6.1 m) from the
center of the test assembly. The water stream was applied to the
deck assembly and penetrating item for 13.5 seconds.

6.0 RESULTS AND DISCUSSION

The number of samples tested for each of the penetration
types is shown in Table 1. Penetration test results are
summarized in Table 2. This table indicates the time that flame
or smoke appeared, and/or a temperature rise of 325°F (180°C)
above ambient occurred on the unexposed side of the sample. It
also indicates the results of the hose stream test. These tests
results are categorically separated in Tables 3 through 8 to show
the specific classification that each penetration sample
achieved, such as Class A-0, A-15, A-30, A-60, as well as B-0 and
B-15 for devices installed in steel decks or bulkheads. A dis-
cussion of the test results appears in sections 6.1 and 6.2. In
the discussions, "spigot" refers to a length of pipe which
either replaces or encloses a continuous run of pipe, duct, or
electrical cable.

6.1 Class A-0 Penetrations

Eight penetrations (one copper penetration, one PVC
penetration, three ventilation duct penetrations and three
electrical cable penetrations) were tested for a Class A-0
rating. Two penetrations samples, D22/A-0 and D24/A-0, failed
the Class A-0 exposure tests (Figure 9). At eighteen minutes
into the test the single electrical cable penetration D22/A-0
began to issue sioke at the interface of the cable and the brass
terminal tube. At forty-two minutes the cable was still issuing
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TABLE 3
PENETRATION SAMPLES PASSING A CLASS A-0 FIRE RATING

Class A-0 Samples Class A-60U Samples
No Insulation Insulation on Unexposed (U)

Fire Side

Description Description
of of

Penetration Sample Flame Smoke Penetration Sample Flame Smoke
Types No. (min.) (min.) Types No. (min.)(min.)

Copper Pipe D10/A-0 >60 >60 Steel Pipe D3/A60U >60 >60
PVC Pipe D14/A-0 >60 >60
Vent Duct D17/A-0 >60 >60
Single
Elect. Cable D23/A-0 >60 >60
Vent Duct D25/A-0 >60 >60
Vent Duct D26/A-0 >60 >60
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TABLE 4
PENETRATION SAMPLES PASSING A CLASS A-15 FIRE RATING

Class A-60U Samples
Insulation on Unexposed (U) Fire Side

Description Temp. Rise
of of 325 deg.F

Penetration Sample Flame Smoke (180 deg.C)
Types No. (min.) (min.) (min.)

Copper Pipe D4/A-60U >60 >60 24
Copper Pipe D5/A-60U >60 >60 28
Copper Pipe D6/A-60U >60 >60 26
Copper Pipe D9/A-60U >60 >60 18
Copper Pipe DI0/A-60U >60 >60 24
Copper Pipe DlI/A-60U >60 >60 26
PVC Pipe D1/A-60U >60 >60 22
PVC Pipe D16/A-60U >60 >60 29

Vent Duct D17/A-60U >60 >60 29
Multiple
Elect. Cable D19/A-60U >60 >60 22
Single
Elect. Cable D21/A-60U >60 >60 27
Single
Elect. Cable D22/A-60U >60 >60 23
Single
Elect. Cable D23/A-60U >60 >60 27
Vent Duct D25/A-60U >60 >60 18
Vent Duct D26/A-60U >60 >60 16
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TABLE 5
PENETRATION SAMPLES PASSING A CLASS A-30 FIRE RATING

Class A-60E Samples Class A-60U Samples
Insulation on Exposed (E) Insulation on Unexposed (U)

Fire Side Fire Side

Description Temip. Rise Description Temp~. Rise

of of 325 deg.F of of 325 deg.F
Penetration Sample Flame Smoke (180 deg.C) Penetration Sample Flame Smoke (180 deg.C)

Types No. (min.)Cmin.) (min.) Types No. (min.)Cmin.) (min.)

Vent Duct D17/A-60E >60 >60 48 PVC Pipe D14/A-6OU >60 >60 36
Vent Duct D26/A-60E >60 >60 44
Vent Duct D25/A-60E >60 >60 36
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TABLE 6
PENETRATION SAMPLES PASSING A CLASS A-60 FIRE RATING

Class A-60E Samples
Insulation on Exposed (E) Fire Side

Description Temp. Rise
of of 325 deg.F

Penetration Sample Flame Smoke (180 deg.C)
Types No. (min.) (min.) (min.)

Copper Pipe D4/A-60E >60 >60 >60
Copper Pipe D10/A-60E >60 >60 >60
PVC Pipe D14/A-60E >60 >60 >60

Single
Elect. Cable D22/A-60E >60 >60 >60
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TABLE 7
PENETRATION SAMPLES PASSING A CLASS B-0 FIRE RATING

(as installed in a steel deck or bulkhead)

Class A-0 Samples
No Insulation

Description Temp. Rise
of of 405 deg.F

Penetration Sample Flame (225 deg.C)
Types No. (min.) (min.)

Single
Elect. Cable D22/A-0 59 4
Single
Elect. Cable D24/A-0 >60 14

22
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D22/A-O (Single Electrical Cable)

D24/A-O (Single Electrical Cable)

FIGURE 9. Class A-O Test Failures
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smoke and was heavily charred. The cable jacket burst into
flames at fifty-nine minutes. At the conclusion of the one hour
fire test, a hose stream test was conducted. The single
electrical cable penetration D24/A-0 began to issue smoke from
the interface of the cable and the steel pipe at six minutes into
the test. At forty minutes, the smoke intensity increased and
the cable began to deteriorate badly. The hose stream test was
conducted since the electrical cable did not collapse into the
furnace.

The test data in Appendix C indicate the presence of smoke
on the non-fire side of the Class A-0 penetrations DI0/A-0,
D14/A-0, D22/A-0, D23/A-0, and D24/A-0. A review of the
photographic documentation indicates that only penetrations
D22/A-0 and D24/A-0 appeared to pass smoke through the penetrant.
Based on interpretation of photographic evidence, the occurrence
of smoke on the non-fire side of penetrations DI0/A-0, D14/A-0
and D23/A-0 was determined to be the result of moisture being
driven from the sample, contaminant oils smoldering on the
penetrant's non-fire side, off-gassing of the fiberglass used to
seal the steel plate to the furnace top, and smoke coming from
under the steel plate assembly where it was not sealed securely
to the top of the furnace. It appeared that no smoke actually
passed through the penetrants in any of these three tests.

The copper penetration Dl0/A-0 passed the Class A-0 fire
exposure test. Figure 10 shows three temperature plots for
different heights on the steel spigot enclosing the copper pipe
and one temperature plot for the copper pipe one inch (2.5 cm)
above the steel spigot. This figure shows that after fifteen
minutes into the test the copper pipe at a one-inch (2.5 cm)
height above the spigot remained over 125°F (69.4°C) hotter than
the spigot throughout the test.

The PVC penetration threaded to a steel spigot (D14/A-0)
passed the Class A-0 fire exposure test. Observations recorded
in the Appendix C data sheet for this sample indicated the
presence of smoke on its non-fire side, but a review of the
photographic documentation clearly indicated that the smoke did
not come through the penetrant, but rather from around the edges
of the steel plate assembly where it lay on top of the furnace.
It is interesting to note that the temperatures (Figure 10)
recorded at the 12-inch (30.5 cm) height on the PVC penetrant
(D14/A-0) and the copper penetrant (DI0/A-0) were similar, while
temperatures recorded at the 4-inch (10.2 cm) height were over
160°F (71.1C) higher on the PVC penetrant. Both these
penetrations had a steel spigot on which these temperatures were
measured. The interesting point is that the steel spigot
threaded to a PVC pipe was the hottest at a 12-inch (30.5 cm)
height, while a steel spigot with a copper pipe through it was
cooler at this same height. It appears that the copper pipe
inside the steel spigot acts as a heat sink as the distance
increases from the steel plate.
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It is also interesting to note that the temperatures at a
12-inch (30.5 cm) height on a steel spigot threaded to a PVC
penetrant (D4/A-0) and on a steel spigot with a continuous copper
pipe through it were similar (Figure 11), whereas temperatures
recorded at a 4-inch (10.2 cm) height on both steel spigots were
over 160'F (88.9°C) hotter on the spigot with the PVC pipe. It
appears that the copper pipe inside the steel spigot acts as a
heat sink as the distance increases from the steel plate.

Three ventilation duct penetration types (D17/A-0, D25/A-0,
and D/26A-0) were tested for a Class A-0 rating. Each
penetration passed the fire exposure test. Each penetrant had a
6-inch (15.2 cm) steel spigot on the fire side and a 30-inch
(76.2 cm) steel spigot on the non-fire side. Figure 12 shows
temperature plots at a 4-inch (10.2 cm), 12-inch (30.5 cm), and
24-inch (61.0 cm) height on the three penetrants. The tempera-
ture plots are similar at the same heights for the three
penetrants. A comparison of the temperature plots in Figure 11
and Figure 12 show that temperatures at the 4-inch (10.2 cm) and
12-inch (30.5 cm) height on the ventilation duct penetrants are
at least 150°F (83.3°C) hotter than similar heights on the PVC
penetrant and the copper penetrant.

Three single electrical cable penetrations (D22/A-0,
D23/A-0, and D24/A-0) were tested for a Class A-0 rating. The
brass terminal tube used in each of these penetrations was
missing an o-ring fitting. Fire retardant oakum was substituted
for the missing o-ring. Only sample D23/A-0 passed the Class A-0
test. Figure 13 shows that the three electrical cable
penetrations had similar temperature readings at the 4-inch
(10.2 cm) height above the steel plate but the penetrant which
passed the Class A-0 test reached a temperature of 369 0F
(187.2°C) after 60 minutes at the 16-inch (40.6 cm) height,
compared to temperatures of over 600'F (315.6°C) after 60 minutes
at similar heights on the two penetrants which failed the Class
A-0 test.

6.2 Class A-60 Penetrations

Thirty penetrations were insulated with rockwool batts and
tested for a Class A-60 rating. This group consisted of one
steel penetration, eight copper penetrations, four PVC
penetrations, six ventilation duct penetrations, and eleven
electrical cable penetrations.

Results in Table 1 show that all eighteen penetrations
insulated on the non-fire side failed to meet the temperature
rise requirements for a Class A-60 rating, while only three of
the nine penetrations insulated on the fire side failed to meet
those requirements temperature rise test for a Class A-60 rating.
The three penetrations with partially insulated steel plates
also failed to meet the temperature rise requirements for a Class
A-60 rating.
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One steel penetration was insulated on the non-fire side and
tested. It passed the fire exposure test and hose stream test,
but failed to meet the temperature rise requirement. The
temperature plots in Figure 14 show the heat transmission at
different locations on top of the plate insulation. Two of the
temperature plots shown in Figure 14 were recorded at the
interface of the steel plate insulation and the penetrant
insulation, while the other two temperature plots were recorded
on the plate insulation 1-inch (2.5 cm) away from the penetrant
insulation. This figure shows that the temperatures over the
seams in the insulation at the two separate locations are over
350°F (194.4°C) hotter than temperatures recorded at similar
locations but not over a seam. A seam occurred where two pieces
of insulation were joined together. Each seam was tightly
fitted, but small gaps could occur in the joints quite easily as
the rough edges of the insulation were pushed together or as the
samples were moved for testing.

Eight copper penetrations were insulated and tested. Two
penetrations were insulated on the fire side and passed the
requirements for a Class A-60 rating. Six penetrations were
insulated on the non-fire side and failed the heat transmission
test for a Class A-60 rating. Figures 15, 16, and 17 show
temperatures above the acceptable temperature rise limits for the
six penetrations which failed. These failure temperatures occur-
red on both the penetrant insulation and on the steel plate
insulation for the six penetrations. Figure 18 shows the
temperature plots for two copper penetrations which are identical
in construction except that one sample is insulated on the fire
side and the other sample is insulated on the non-fire side.
Figure 19 shows the same arrangement for another pair of
identical copper penetrations. In these two figures, the
temperature plots show that the penetrations insulated on the
non-fire side failed to meet the temperature rise requirement,
while temperature plots at identical locations on the penetra-
tions insulated on the fire side show these penetrations met this
requirement. This points out the value of insulating the fire
side to provide a greater degree of protection against tempera-
ture rise.

Four PVC penetrations were tested for a Class A-60 rating.
Three of the penetrations were insulated on the non-fire side and
failed the temperature rise requirement for a Class A-60 rating.
The temperature plots in Figure 20 show that the temperature
limits were exceeded for these three penetrations on both the
penetrant insulation and the steel plate insulation. One
penetration was insulated on the fire side and passed the test
requirements for a Class A-60 rating. Figure 21 shows the
temperature plots for two PVC penetrations which are identical in
construction except that one sample is insulated on the fire side
and the other sample is insulated on the non-fire side. The
temperature plots show that the penetration insulated on the fire
side passed the temperature requirement while the sample
insulated on the non-fire side failed. Again, this indicates
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that insulating the fire side provides a greater degree of
protection against excessive heat transmission.

Six ventilation duct penetrations, two each of three
different types, were tested. Three penetrations (one each of
the three different types) were insulated on the non-fire side
and the remaining three penetrations were insulated on the fire
side. All six penetrations failed the temperature requirements
for a Class A-60 rating. The temperature plots in Figure 22 show
that the temperature rise for the three penetrations insulated on
the non-fire side was above the acceptable limits for a Class A-
60 rating. The temperature plots in Figure 23 show that the
temperature rise for the three penetrations insulated on the fire
side was above the acceptable limit for a Class A-60 rating. The
test data in Appendix C for these six penetrations shows that the
three penetrations insulated on the non-fire side failed the
temperature requirements on both the penetrant insulation and
deck plate insulation. Only two of the penetrations insulated on
the fire side failed to meet the temperature requirements on the
penetrant insulation and deck plate insulation whereas, the third
penetration failed the temperature requirements on just the
penetrant insulation.

Eleven electrical cable penetrations were tested. The brass
terminal tube used in seven of these penetrations was missing its
interior o-ring fitting. Fire retardant oakum was used in place
of the missing o-rings. Five of the penetrations were insulated
on the non-fire side, three were insulated on the exposed fire
side, and three were only partially insulated on the test plate.
The temperature plots in Figures 24 and 25 show that the
temperature requirements for a Class A-60 rating were exceeded
for the five penetrations insulated on the non-fire side. The
three penetrants insulated on the fire side passed the
temperature requirements for a Class A-60 rating, but two of the
penetrants (D23/A-60E and D24/A60E) did fail the additional
requirement of preventing the passage of smoke. The three
penetrations partially insulated over either one side or both
sides of the steel plate failed the temperature requirements for
a Class A-60 rating. The penetrations represented in Figures 25
and 26 are identical in construction and differ only in the
location of the insulation. It is interesting to note that the
three penetrations in Figure 26 were insulated on the fire side
and passed the temperature requirements for a Class A-60 rating,
whereas the five penetrations in Figure 25 were insulated on the
non-fire side and failed the temperature requirements for this
rating. Figure 27 shows the temperature plots at three heights
on cables in the three partially insulated penetrations. This
figure shows that the penetration sample D19/A-60-3E & 3U,
insulated on both sides of the steel plate, provided the lowest
temperatures at a 6-inch (15.2 cm) height on the cables whereas
the penetration sample DI9/A-60-6U, insulated on the non-fire
side, provided the highest temperatures at the 6-inch (15.2 cm)
height on the cables.
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FIGURE 24. Temperatures on Electrical Cable Failures
(D19/A-60U, D21/A-60U) During Class A-60 Test
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FIGURE 27. Temperatures on Partially Insulated Penetrations
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7.0 CONCLUSIONS

The test data in Table 2 show that 3 of 9 samples insulated
on the exposed side failed the temperature requirements for a
Class A-60 rating, whereas all 18 samples insulated on the
unexposed side failed to meet the temperature rise requirements
for this rating. This indicates that, in general, insulating the
exposed side provides a greater degree of protection than insu-
lating the unexposed side. Tables 3-8 list the specific fire
rating obtained by each penetration.

The following paragraphs provide a description of each
penetration and its fire rating performance as a Class A or Class
B fire stop when installed in a steel deck or bulkhead.

Penetration D3/A-60U ---- A Class A-60 fire rating will not be
provided by 15 inches (38.1 cm) of approved structural insulation
extending up the non-fire side of a flanged steel spigot having
5 1/2-inch (14 cm) extensions on both sides of a 3/16-inch
(0.5 cm) steel plate. This penetration assembly will provide a
Class A-0 fire rating.

Penetration D4/A-60U ---- A Class A-60 fire rating will not be
provided by 18 inches (45.7 cm) of approved structural insulation
extending up the non-fire side of a bronze flanged copper spigot
which has 15-inch (38.1 cm) extensions on both sides of a
3/16-inch (0.5 cm) bronze plate and is bolted to a bronze flanged
copper pipe. This penetration assembly will provide a Class A-15
fire rating.

Penetration D4/A-60E ---- A Class A-60 fire rating will be
provided by 18 inches (45.7 cm) of approved structural insulation
extending down the fire side of the penetrant.

Penetration D5/A-60U ---- A Class A-60 fire rating will not be
provided by 15 inches (38.1 cm) of approved structural insulation
extending up the non-fire side of a bronze flanged copper spigot
which has 5 1/2-inch (14 cm) extensions on both sides of a
3/16-inch (0.5 cm) steel collar and is bolted to a bronze flanged
copper pipe. This penetration assembly will provide a Class A-]5
fire rating.

Penetration D6/A-60U ---- A Class A-60 fire rating will not be
provided by 18 inches (45.7 cm) of approved structural insulation
extending up the non-fire side of a bronze flanged copper spigot
which has 15-inch (38.1 cm) extensions on both sides of a
3/16-inch (0.5 cm) steel collar and is bolted to a bronze flanged
copper pipe. This penetration assembly will provide a Class A-15
fire rating.
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Penetration D9/A-60U ---- A Class A-60 fire rating will not be
provided by 15 inches (38.1 cm) of approved structural insulation
extending up the non-fire side of a continuous copper pipe in a
steel spigot which has a 3-inch (7.6 cm) extension on the fire
exposed side of a 3/16-inch (0.5 cm) and a 15-inch (38.1 cm)
extension and a terminal tube on the non-fire side of the plate.
This penetration assembly will provide a Class A-15 fire rating.

Penetration D1O/A-0 ---- A Class A-0 fire rating will be
provided by a continuous copper pipe in a steel spigot which has
15-inch (38.1 cm) extensions on both sides of a 3/16-inch
(0.5 cm) steel plate and a terminal tube on the fire side of the
plate.

Penetration DlO/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the DIO/A-0
penetrant. This penetration assembly will provide a Class A-15
fire rating.

Penetration DI0/A-60E ---- A Class A-60 fire rating will be
provided by 15 inches (38.1 cm) of approved structural insulation
extending down the fire side of the penetrant.

Penetration DlI/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of a continuous pipe
brazed at both ends of a steel spigot which has 15-inch (38.1 cm)
extensions on both sides of a 3/16-inch (0.5 cm) steel plate.
This penetration assembly will provide a Class A-15 fire rating.

Penetration D14/A-0 ---- A Class A-0 fire rating will be
provided by a steel spigot which has 15-inch (38.1 cm) extensions
on both sides of a 3/16-inch (0.5 cm) steel plate and is threaded
to a PVC pipe.

Penetration D14/A-60U ---- A Class A-60 fire rating'will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the penetrant. This
penetration assembly will provide a Class A-30 fire rating.

Penetration D14/A-60E ---- A Class A-60 fire rating will be
provided by 15 inches (38.1 cm) of approved structural insulation
extending down the fire side of the penetrant.

Penetration D15/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of a continuous PVC
pipe in a steel spigot which has 15-inch (38.1 cm) extensions on
both sides of a 3/16-inch (0.5 cm) steel plate and is packed with
fire sealant to a 1-inch (2.5 cm) depth in both ends of the
spigot. This penetration assembly will provide a Class A-15 fire
rating.
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Penetration D16/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of a continuous PVC
pipe in a steel zpigot which has 3-inch (7.6 cm) extensions on
both sides of 3/16-inch (0.5 cm) steel plate and is packed with
fire sealant to a 1-inch (2.5 cm) depth in both ends of the
spigot. This penetration assembly will provide a Class A-15 fire
rating.

Penetration D17/A-0 ---- A Class A-0 fire rating will be pro-
vided by a 12-inch (30.5 cm) diameter steel spigot which has a
6-inch (15.2 cm) extension on the fire side, and a 30-inch
(76.2 cm) extension on the non-fire side and is flanged and
bolted at both ends to a steel flange that is welded all around
to a 12-inch (30.5 cm) diameter gauge duct with a 22 gauge cap on
both ends.

Penetration D17/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the D17/A-0
penetrant. This penetration assembly will provide a Class A-15
fire rating.

Penetration D17/A-60E ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending down the fire side of the D17/A-0 penetrant.
This penetration assembly will provide a Class A-30 fire rating.

Penetration D19/A-60U ---- A Class A-60 fire rating will not
be provided by 9 inches (22.9 cm) of approved structural
insulation extending up the non-fire side of a multiple cable
transit penetrating a 3/16-inch (0.5 cm) steel plate. This
penetration assembly will provide a Class A-15 fire rating.

Penetration D19/A-60-6U ---- A Class A-60 fire rating will not
be provided by 6 inches (15.2 cm) of approved structural
insulation extending up the non-fire side of the penetrant and
covering only a 6-inch (15.2 cm) square area around the cable
transit device on the non-fire side of the 3/16-inch (0.5 cm)
steel plate. Note: Three inches (7.6 cm) of insulation did not
cover the entire surface of the steel plate. This penetration
assembly will provide a Class B-15 fire rating.

Penetration D19/A-60-6E ---- A Class A-60 fire rating will not
be provided by 6 inches (15.2 cm) of approved structural
insulation extending down the penetrant and covering only a
6-inch (15.2 cm) square area around the cable transit device on
the fire side of the penetrant. Note: Three inches (7.6 cm) of
insulation did not cover the entire surface of the steel plate.
This penetration assembly will provide a Class B-15 fire rating.
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Penetration D19/A-60-3E&3U ---- A Class A-60 fire rating will
not be provided by 3 inches (7.6 cm) of approved structural
insulation which extends up the penetrant on the non-fire side
and 6 inches (15.2 cm) beyond the cable transit device on the
non-fire side of the steel plate and by 3 inches (7.6 cm) of
approved structural insulation which extends down the fire side
of the penetrant and only 6 inches (15.2 cm) beyond the cable
transit device on the fire side of the steel plate. Note: There
was no 3-inch (7.6 cm) layer of insulation across the entire
surface of the unexposed fire side of the steel plate. This
penetration assembly will provide a Class B-15 fire rating.

Penetration D21/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation which extends up the non-fire side of a steel spigot
which has a 3-inch (7.6 cm) extension on the fire side of a
3/16-inch (0.5 cm) steel plate and a 15-inch (38.1 cm) extension
with a terminal tube on the unexposed fire side. This
penetration assembly will provide a Class A-15 fire rating.

Penetration D22/A-0 ---- A Class A-0 fire rating will not be
provided by a steel spigot and a terminal tube containing a
2-inch (5.1 cm) diameter marine electrical cable. The spigot had
a 3-inch (7.6 cm) extension with a terminal tube on the unexposed
fire side and was welded all around to a 3/16-inch (0.5 cm) steel
plate and also had a 90 degree bend on its fire side. This
penetration assembly will provide a Class B-0 fire rating.

Penetration D22/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the penetrant. This
penetration assembly will provide a Class A-15 fire rating.

Penetration D22/A-60E ---- A Class A-60 fire rating will be
provided by 15 inches (38.1 cm) of approved structural insulation
extending down the fire side of the penetrant.

Penetration D23/A-0 ---- A Class A-0 fire rating will be
provided by a continuous 2 inch (5.1 cm) diameter marine
electrical cable in a steel spigot which has 15 inch (38.1 cm)
extensions on both sides of a 3/16-inch (0.5 cm) steel plate, is
welded all around to the plate, has a terminal tube on the non-
fire side and has fire sealant packed inside both ends to a
1 inch (2.5 cm) depth.

Penetration D23/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the penetrant. This
penetration assembly will provide a Class A-15 fire rating.
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Penetration D23/A-60E ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending down the fire side of the penetrant. This
penetration assembly will provide a Class B-15 fire rating.

Penetration D24/A-0 ---- A Class A-0 fire rating will not be
provided by a continuous 2-inch (5.1 cm) diameter marine
electrical cable in a steel spigot which has 15-inch (38.1 cm)
extensions on both sides of a 3/16-inch (0.5 cm) steel plate, is
welded all around to the plate, has a terminal tube on the fire
side, and has fire sealant packed inside both ends to a 1-inch
(2.5 cm) depth. This penetration assembly will provide a Class
B-0 fire rating.

Penetration D24/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the penetrant. This
penetration assembly will provide a Class B-15 fire rating.

Penetration D24/A-60E ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved insulation
extending down the fire side of the penetrant. This penetration
assembly will provide a Class B-15 fire rating.

Penetration D25/A-O ---- A Class A-0 fire rating will be
provided by a 12 inch x 12 inch (30.5 cm x 30.5 cm) steel spigot
which is welded all around to a 3/16-inch (0.5 cm) steel plate
and has a 6-inch (15.2 cm) extension on the fire side and a
30-inch (76.2 cm) extension on the non-fire side with both
extensions being flanged and bolted at the ends to a steel
flange welded to a 22 gauge duct with end caps.

Penetration D25/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural
insulation extending up the non-fire side of the D25/A-0
penetrant. This penetration assembly will provide a Class A-0
fire rating.

Penetration D25/A-60E ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 _m) of approved structural
insulation extending down the fire side of the D25/A-0 penetrant.
This penetration assembly will provide a Class A-30 fire rating.

Penetration D26/A-0 ---- A Class A-60 fire rating will be
provided by a continuous 12-inch (30.5 cm) diameter 22 gauge duct
in a 12 1/2-inch (31.8 cm) diameter steel spigot which has a
6-inch (15.2 cm) extension on the fire side and a 30-inch
(76.2 cm) extension on the unexposed fire side, is welded all
around to a 3/16-inch (0.5 cm) steel plate and is packed with
fire sealant inside both ends around the duct to a 1-inch
(2.5 cm) depth.
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Penetration D26/A-60U ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural insula-
tion extending up the non-fire side of the penetrant. This pene-
tration assembly will provide a Class A-15 fire rating.

Penetration D26/A-60E ---- A Class A-60 fire rating will not
be provided by 15 inches (38.1 cm) of approved structural insul-
ation extending down the fire side of the penetrant. This pene-
tration assembly will provide a Class A-30 fire rating.

8.0 RECOMMENDATIONS

8.1 Penetration Designs

In general it is recommended that the ASTM E814/UL 1479
method be considered as a fire resistance performance test for
approving penetration designs submitted to the U.S. Coast Guard.
Both standards would require some modifications (see section 8.2)
to comply with specific U.S. Coast Guard regulations governing
the passage of smoke and the acceptable limits for temperature
rise.

It is recommended that the configurations of penetrations
which successfully passed the ASTM E814/UL 1479 test be
published as design guidelines. Based on the test results,
samples which conform to these configurations could be expected
to pass the modified ASTM E814/UL 1479 performance test.

It is recommended that penetrations be insulated on the side
of the deck or bulkhead which is most likely to be exposed to a
fire, thus providing the most protection against heat
transmission.

It is recommended that additional testing be conducted with
penetrating items and fire stop material from these tests
installed in Class B bulkhead or deck plate material to evaluate
specimen suitability for marine use.

8.2 Approval Test Procedures

The data sheet for the fire performance test should report
the time and extent of smoke occurrence on the unexposed side of
the sample, and should indicate the path by which the smoke
reached the unexposed side.

The number of thermocouples required by ASTM E814/UL 1479 on
the penetrant should be increased from one to two. This
redundancy should be provided at critical locations.

The test documentation requirements should include video-
taping the testing. This tape would be included when a pene-
tration is submitted for Coast Guard acceptance and could be used
to verify whether there was passage of smoke, flame or water
through the penetrant.
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APPENDIX A
DESCRIPTION OF SAMPLE PENETRATIONS

In all sample penetration descriptions, spigot refers to a length
of pipe which either replaces or encloses a continuous run of
pipe, duct, or electrical cable. A detailed drawing and material
description of each sample penetration is included in the
individual data sections in Apppendix C.

Class A-0 Samples

Sample Description

Dl0/A-0 A continuous copper pipe in a steel spigot.
The steel spigot had 15-inch (38.1 cm)
extensions on both sides of a 3/16-inch
(0.5 cm) steel test plate and a terminal tube
on its fire side. The steel spigot was
welded all around to the test plate.

D14/A-0 A steel spigot threaded at both ends to PVC
pipe. The steel spigot had 15-inch (38.1 cm)
extensions on both sides of a 3/16-inch
(0.5 cm) steel test plate and was welded all
around to the test plate.

D17/A-0 A 12-inch (30.5 cm) diameter steel spigot
flanged and bolted at both ends to a steel
flange welded all the way around to a 12-inch
(30.5 cm) diameter 22 gauge duct with a
22 gauge blank end cap on both ends. The
spigot had a 6-inch (15.2 cm) extension on
the fire side, a 30-inch (76.2 cm) extension
on the non-fire side, and was welded all
around to a 3/16-inch (0.5 cm) steel test
plate.

D22/A-0 A curved steel spigot and a terminal tube
containing a 2-inch (5.1 cm) diameter marine
electrical cable. The steel spigot had a 90°
bend from a 5-inch (12.7 cm) radius on the
fire side and was welded all around to a
3/i6-inch (0.5 cm) steel test plate. The
steel spigot had a 3-inch (7.6 cm) terminal
tube on the non-fire side of the test plate.
The electrical cable complied with Canadian
Coast Guard Ship Safety Electrical Standards.
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Class A-0 Samples (cont'd.)

D23/A-0 A steel spigot and a terminal tube containing
a 2-inch (5.1 cm) diameter marine electrical
cable. The steel spigot was welded all
around to a 3/16-inch (0.5 cm) steel test
plate and had a 15-inch (38.1 cm) extension
on the fire side of the plate. The steel
spigot had a 15-inch (38.1 cm) extension and
a terminal tube on the non-fire side of the
test plate. Fire sealant was packed inside
both ends of the spigot around the electrical
cable to a 1-inch (2.5 cm) depth. The
electrical cable complied with Canadian Coast
Guard Ship Safety Electrical Standards.

D24/A-0 A steel spigot and a terminal tube containing
a 2-inch (5.1 cm) diameter marine electrical
cable. The steel spigot was welded all
around to a 3/16-inch (0.5 cm) steel test
plate and had a 15-inch (38.1 cm) extension
on the non-fire side of the plate. The steel
spigot had a 15-inch (38.1 cm) extension and
a terminal tube on the fire side of the test
plate. Fire sealant was packed inside both
ends of the spigot around the cable to a
1-inch (2.5 cm) depth. The electrical cable
complied with Canadian Coast Guard Ship
Safety Electrical Standards.

D25/A-0 A 12x12-inch (30.5 x 30.5 cm) steel spigot
flanged and bolted at both ends to a steel
flange 12xl2-inches (30.5 x 30.5 cm) welded
all around to 22 gauge duct with a 22 gauge
blank end cap on both ends. The spigot had a
6-inch (15.2 cm) extension on the fire side,
a 30-inch (76.2 cm) extension on the non-fire
side, and was welded all around to a
3/16-inch (0.5 cm) steel test plate.

D26/A-0 A continuous 12-inch (30.5 cm) diameter
22 gauge duct inside a 12 1/2-inch (31.8 cm)
diameter steel spigot. The duct had a
22 gauge end cap on both ends. The steel
spigot had a 6-inch (15.2 cm) extension on
the fire side, a 30-inch (76.2 cm) extension
on the non-fire side, and was welded all
around to a 3/16-inch (0.5 cm) steel test
plate. Fire sealant was packed inside both
ends of the spigot around the duct to a
1-inch (2.5 cm) depth.
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Class A-60E Samples

The letter E indicates that the insulation was attached to the
fire side of the test plate and the penetrant. The insulation
details are shown on the drawings in the appropriati data
sections of Appendix C.

Sample Description

D4/A-60E A bronze flanged copper spigot (with 15-inch
(38.1 cm) extensions on both sides of a
3/16-inch (0.5 cm) bronze plate) bolted to a
bronze flanged copper pipe. The bronze plate
is brazed all around to the copper spigot and
bolted to a 3/16-in (0.5 cm) steel test
plate. Three inches (7.6 cm) of insulation
covered the fire side of the test plate and
18 inches (45.7 cm) of insulation extended
down the penetrant's fire side.

Dl0/A-60E Same as DIO/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.

D14/A-60E Same as D14/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.

D17/A-60E Same as D17/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.

D22/A-60E Same as D22/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 18 inches (45.7 cm) of
insulation extended down the penetrant's fire
side.

D23/A-60E Same as D23/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.
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Class A-60E Samples (cont'd.)

D24/A-60E Same as D24/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.

D25/A-60E Same as D25/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.

D26/A-60E Same as D26/A-0 except that 3 inches (7.6 cm)
of insulation covered the fire side of the
test plate and 15 inches (38.1 cm) of
insulation extended down the penetrant's fire
side.

Class A-60U Samples

The letter U indicates that the insulation was attached to the
non-fire side of the test plate and the penetrant. The
insulation details are shown on the drawings in the appropriate
data sections of Appendix C.

Sample Description

D3/A-60U A flanged steel spigot (with 5 1/2-inch
(14 cm) extensions on both sides of a
3/16-inch (0.5 cm) steel collar) bolted to
a bronze flanged copper pipe. The steel
collar is welded all the way around to both
the steel spigot and to a 3/16-inch (0.5
cm) steel test plate. Three inches (7.6
cm) of insulation covered the steel plates'
non-fire side and 15 inches (38.1 cm) of
insulation extended up the penetrant.

D4/A-60U A bronze flanged copper spigot (with 15-inch
(38.1 cm) extensions on both sides of a
3/16-inch (0.5 cm) bronze plate) bolted to
a bronze flanged copper pipe. The bronze
plate is brazed all around to the copper
spigot and bolted to a 3/16-inch (0.5 cm)
steel collar which is welded to a 3/16-inch
(0.5 cm) steel test plate. Three inches
(7.6 cm) of insulation covered the steel
plate's non-fire side and 18 inches (45.7
cm) of insulation extended up the
penetrant.
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Class A-60U Samples (cont'd.)

D5/A-60U A bronze-flanged copper spigot (with 5 1/2-
inch (14 cm) extensions on both sides of a
3/16-inch (0.5 cm) steel collar) bolted to
a bronze flanged copper pipe. The steel
collar is brazed all around to the copper
spigot and welded all around to a 3/16-inch
(0.5 cm) steel test plate. Three inches
(7.6 cm) of insulation covered the steel
plate's non-fire side and 15 inches
(38.1 cm) of insulation extended up the
penetrant.

D6/A-60U A bronze-flanged copper spigot (with 15-inch
(38.1 cm) extensions on both sides of a
3/16-inch (0.5 cm) steel collar) bolted to
a bronze flanged copper pipe. The steel
collar is brazed all around to the copper
spigot and welded all around to a 3/16-inch
(0.5 cm) steel test plate. Three inches
(7.6 cm) of insulation covered the steel
plate's non-fire side and 18 inches
(45.7 cm) of insulation extended up the
penetrant.

D9/A-60U A continuous steel pipe in a steel spigot.
The steel spigot had a 3-inch (7.6 cm)
extension on the fire-exposed side of the
3/16-inch (0.5 cm) steel test plate and a
15-inch (38.1 cm) extension with a terminal
tube on the unexposed fire side of the test
plate. The steel spigot was welded all the
way around to the test plate. Three inches
(7.6 cm) of insulation covered the steel
plate's non-fire side and 15 inches
(38.1 cm) of insulation extended up the
penetrant.

DlO/A-60U A continuous copper pipe in a steel spigot.
The steel spigot had 15-inch (38.1 cm)
extension on both sides of a 3/16-inch
(0.5 cm) steel test plate and a terminal
tube on its fire side. The steel spigot
was welded all the way around to the test
plate. Three inches (7.6 cm) of insulation
covered the steel plate's non-fire side and
15 inches (38.1 cm) of insulation extended
up the penetrant.
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Class A-60U Samples (cont'd.)

Dll/A-60U A continuous copper pipe in a steel spigot.
The steel spigot had 15-inch (38.1 cm)
extensions on both sides of a 3/16-inch
(0.5 cm) steel test plate. The steel
spigot was brazed all the way around at
both its ends to the copper pipe while it
was welded all the way around to the test
plate. Three inches (7.6 cm) of insulation
covered the steel plate's non-fire side and
15 inches (38.1 cm) of insulation extended
up the penetrant.

D14/A-60U A steel spigot threaded at both ends to PVC
pipe. The steel spigot had 15-inch
(38.1 cm) extensions on both sides of a
3/16-inch (0.5 cm) steel test plate and
was welded all around to the test plate.
Three inches (7.6 cm) of insulation
covered the steel plate's non-fire side and
15 inches (38.1 cm) of insulation extended
up the penetrant.

D15/A-60U A continuous PVC pipe in a steel spigot.
The steel spigot had 15-inch (38.1 cm)
extensions on both sides of a 3/16-inch
(0.5 cm) steel test plate and welded all
the way around to the plate. Fire sealant
was packed inside both ends of the spigot
around the PVC pipe to a 1-inch (2.5 cm)
depth. Three inches (7.6 cm) of
insulation covered the steel plate's non-
fire side and 15 inches (38.1 cm) of
insulation extended up the penetrant.

D16/A-60U A continuous PVC pipe in a steel spigot.
The steel spigot had 3-inch (7.6 cm)
extensions on both sides of a 3/16-inch
(0.5 cm) steel test plate and was welded
all the way around the plate. Fire
sealant was packed inside both ends of the
spigot around the PVC pipe to a 1-inch
(2.5 cm) depth. Three inches (7.6 cm) of
insulation covered the steel plate's non-
fire side and 15 inches (38.1 cm) of
insulation extended up the penetrant.
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Class A-60U Samples (cont'd.)

D17/A-60U A 12-inch (30.5 cm) diameter steel spigot
flanged and bolted at both ends to a steel
flange welded all around to a 12-inch
(30.5 cm) diameter 22 gauge duct. The duct
had a 22 gauge blank end cap on both ends.
The spigot had a 6-inch (15.2 cm) extension
on the fire side, a 30-inch (76.2 cm)
extension on the non-fire side, and was
welded all around to a 3/16-inch (0.5 cm)
steel test plate. Three inches (7.6 cm) of
insulation covered the steel plate's non-
fire side and 15 inches (38.1 cm) of
insulation extended up the penetrant.

D19/A-60U A multi-cable transit with six types of ma-
rine electrical cable complying with Canadian
Coast Guard Ship Safety Electrical Standards.
The transit device was welded all around to a
3/16-inch (0.5 cm) steel test plate. Three
inches (7.6 cm) of insulation covered the
steel plate's non-fire side and 9 inches
22.9 cm) of insulation extended up the

penetrant.

D21/A-60U A steel spigot and a terminal tube containing
a 2-inch (5.1 cm) diameter marine electrical
cable. The steel spigot was welded all the
way around to a 3/16-inch (0.5 cm) steel
test plate and had a 3-inch (7.6 cm)
extension on the fire-exposed side of the
plate. The steel spigot had a 15-inch
(38.1 cm) extension and a terminal tube on
the non-fire side of the test plate. The
electric cable complied with Canadian Coast
Guard Ship Safety Electrical Standards.
Three inches (7.6 cm) of insulation covered
the steel plate's non-fire side and 15 inches
(38.1 cm) of insulation extended up the
penetrant.
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Class A-60U Samples (cont'd.)

D22/A-60U A curved steel spigot and a terminal tube
containing a 2-inch (5.1 cm) diameter marine
electrical cable. The steel spigot had a
90 bend from a 5-inch (12.7 cm) radius on
the fire side and was welded all around to a
3/16-inch (0.5 cm) steel test plate. The
steel spigot had a 3-inch (7.6 cm) terminal
tube on the unexposed fire side of the test
plate. The electrical cable complied with
Canadian Coast Guard Ship Safety Electrical
Standards. Three inches (7.6 cm) of
insulation covered the steel plate's non-fire
side and 15 inches (38.1 cm) of insulation
extended up the penetrant.

D23/A-60U A steel spigot and a terminal tube containing
a 2-inch (5.1 cm) diameter marine electrical
cable. The steel spigot was welded all
around to a 3/16-inch (0.5 cm) steel test
plate and had a 15-inch (38.1 cm) extension
on the fire-exposed side of the plate. The
steel spigot had a 15-inch (38.1 cm)
extension and a terminal tube on the
unexposed fire side of the test plate. The
electrical cable complied with Canadian Coast
Guard Ship Safety Electrical Standards. Fire
sealant was packed inside both ends of the
spigot around the electrical cable to a
1-inch (2.5 cm) depth. Three inches (7.6 cm)
of insulation covered the steel plate's non-
fire side and 15 inches (38.1 cm) of
insulation extended up the penetrant.

D24/A-60U A steel spigot and a terminal tube containing
a 2-inch (5.1 cm) diameter marine electrical
cable. The steel spigot was welded all
around to a 3/16-inch (0.5 cm) steel test
plate and had a 15-inch (38.1 cm) extension
on the non-fire side of the plate. The steel
spigot had a 15-inch (38.1 cm) extension and
a terminal tube on the exposed fire side of
the test plate. The electrical cable
complied with Canadian Coast Guard Ship
Safety Electrical Standards. Fire sealant
was packed inside both ends of the spigot
around the cable to a 1-inch (2.5 cm) depth.
Three inches (7.6 cm) of insulation covered
the steel plate's non-fire side and 15 inches
(38.1 cm) of insulation extended up the
penetrant.
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Class A-60U Samples (cont'd.)

D25/A-60U A 12x12-inch (30.5 x 30.5 cm) steel spigot
flanged and bolted at both ends to a steel
flange welded all around to a 12x12-inch
(30.5 x 30.5 cm) 22 gauge duct. The duct
had 22 gauge blank end cap on both ends.
The spigot had a 6-inch (15.2 cm) extension
on the fire side, a 30-inch (76.2 cm)
extension on the non-fire side, and was
welded all around to a 3/16-inch (0.5 cm)
steel test plate. Three inches (7.6 cm) of
insulation covered the steel plate's non-
fire side and 15 inches (38.1 cm) of
insulation extended up the penetrant.

D26/A-60U A continuous 12-inch (30.5 cm) diameter
22 gauge duct in a 12 1/2-inch (31.8 cm)
diameter steel spigot. The duct had 22
gauge end caps on both ends. The steel
spigot had a 6-inch (15.2 cm) extension on
the fire side, a 30-inch (76.2 cm)
extension on the non-fire side, and was
welded all around to a 3/16-inch (0.5 cm)
steel test plate. Fire sealant was packed
inside both ends of the spigot around the
duct to a 1-inch (2.5 cm) depth. Three
inches (7.6 cm) of insulation covered the
steel plate's non-fire side and 15 inches
(38.1 cm) of insulation extended up the
penetrant.

Samples Partially Insulated

Sample Description

D19/A-60-6E A multi-cable transit with six types of
marine electrical cable complying with
Canadian Coast Guard Ship Safety
Electrical Standards. The transit device
was welded all around to a 3/16 inch
(0.5 cm) steel test plate. Six inches
(15.2 cm) of insulation extended down the
penetrant's fire side and covered an area
on the steel plate which extended 6 in-
ches (15.2 cm) beyond each side of the
multi-cable transit.

D19/A-60-6U Same as D19/A-60-6E except that the insu-
lation was located on the non-fire side.
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Samples Partially Insulated (cont'd.)

D19/A-60-3E & 3U A multi-cable transit with six types of
marine electrical cable complying with
Canadian Coast Guard Ship Safety
Electrical Standards. The transit
device was welded all around to a
3/16-inch (0.5 cm) steel test plate.
Three inches (7.6 cm) of insulation
covered an area on the steel plate
around the multi-cable transit on both
the fire and non-fire sides. This area
extended 6 inches (15.2 cm) beyond each
side of the multi-cable transit.
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APPENDIX B

t l Designation: E 814 -83

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race S' , Philadelphia, Pa. 19103

Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

If not listed in the current combined index, will appear in the next edition.

Standard Method of
FIRE TESTS OF THROUGH-PENETRATION FIRE STOPS1

This standard is issued under the fixed designation E 814 the number immediateli following the designation indicates the

%ear of onoinal adoption or. in the case of revision. the sear of last revision. A number in parentheses indicates the %ear

oflast rapprosal. A superscript epsilon I.) indicates an editonal change since the last revision or reapproval.

INTRODUCTION

Characteristically fire spreads from one building compartment to another by the
collapse of a barrier, or by openings through which flames or hot gases may pass, or by
transfer of sufficient heat to ignite combustibles beyond the barrier. ASTM Methods
E 119, Fire Tests of Building Construction and Materials.' describe the method to be
used to measure the fire-resistive performance of these barriers.

However, various techniques of providing for the distribution of services within a
structure sometimes require that openings be made in fire-resistive walls and floors to
allow the passage of such penetrating items as cables, conduits, pipes, trays, and ducts
through to the adjacent compartment. Fire-stop material is installed into these openings
to resist the spread of fire.

The performance of through-penetration fire stops should be measured and specified
according to a common standard that describes the method of fire exposure and rating
criteria.

1. Scope 1.5 This standard should be used to measure

1.1 This method is applicable to through- and describe the properties and materials, prod-

penetration fire stops of various materials and ucts. or assemblies in response to heat and flame

construction. Fire stops are intended for use in under controlled laboratory conditions and

openings in fire-resistive walls and floors that should not be used to describe or appraise the fire

are evaluated in accordance with Methods hazard or fire risk of materials, products. or

E 119. assemblies under actualfire conditions. However.

1.2 Tests conducted in conformance with results of this test may be used as elements of a

this method will record fire-stop performance fire risk assessment which takes into account all

during the test exposure: but such tests shall of tne factors which are pertinent to an assess-

not be construed to determine suitability of the ment of the fire hazard of a particular end use.

fire stop for use after test exposure.
1.3 This method considers the resistance of 2. Applicable Document

fire stops to an external force stimulated b% a 2.1 ASTM Standard:
hose stream. However. this method shall not E 119 Methods of Fire Tests of Building
be construed as determining the performance Construction and Materials'
of thl fire stop during actual fire conditions
shen subjected to forces such as failure of This method is under the junsdicton 01 Committee Eio
cable support systems and falling debris. Fire Standards and is the direct resp,)nsibilht, of Sukommittee

1.4 The intent of this method is to develop Fi. I I on Building ( istruction.
data to assist others in determining the suita- Current edition approved lav 27. 183. Pubhhed Jul,
bilitV of the fire stops for use where fire resist- 11953. Onginaily published as E 8 14-81 Last presius editionb -it ofFe.r tp o ueweefr eit 51 4-SI.

ance is required. 19.83 lnniiui ISA ,1 .|sT5I Siunslrdj. Vol 04 OI
t
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3. Summary of Method curve shown by Fig. 1. The points on the cur

3. 1 This method of testing through-penetra- that determine its character are:
tion fire stops exposes fire stops to a standard Ambient at 0 min
temperature-time fire. and to a subsequent ap- 1000°F(538°C) at 5 mi

1300°F(704°C) at 10 mmplication of a hose stream. 1550°F(843°C) at 30 mm

3.2 Ratings are established on the basis of 1700 0Fj927°C) at 60 min
the period of resistance to the fire exposure, 1850F( 1010 0C) at 120 min
prior to the first development of through open- 2000°F(1093 0C) at 240 min
ings. flaming on the unexposed surface. limiting 2300°F(1260'C) at 480 min or over

thermal transmission criterion, and acceptable 6.2 Furnance Temperatures:
performance under applization of a hose 6.2.1 The temperature fixed by the curve
stream. shall be the average temperature obtained from

the readings of thermocouples symmetrically
4. Significance and Use disposed and distributed within the test furnace

4.1 This method is used to determine the to show the temperature near all parts of the
performance of a fire stop with respect to assembly. Use a minimum of three thermocou-
exposure to a standard temperature-time fire ples, with not fewer than five thermocouples
test and hose stream test. The performance of per 100 ft2 (9.29 m) of floor surface, and not
a fire stop is dependent upon the specific fewer than nine thermocouples per 100 ft2 (9.29
assembly of materials tested including the in) of wall specimen surface.
number. t%pe, and size of penetrations and the 6.2.2 Enclose the thermocouples in sealed
floors or w-ails in Ahich it is installed, protection tubes of such materials and dimen-

4.2 Two ratings are established for each fire sions that the time constant of the protected
stop. An F rating is based upon . 'ame occur- thermocouple assembly lies within the range"

rence on the unexposed surface, while the T from 300 to 400 s. The exposed length of the
rating is based upon the temperature rise as pyrometer tube and thermocouple in the fur-
well as flame occurrence on the unexposed side nace chamber shall be not less than 12 in. (300
of the fire stop. These ratings, together with mm). Other types of protection tubes of pyrom-
detailed performance data such as the location eters may be used provided that temperature
of through-openings and temperatures of pen- measurementsobtained in accordance with Fig.
etrating items are intended to be one factor in I are within the limit of accuracy that applies
assessing performance of fire stops. for furnace temperature measurements.

6.2.3 For floors, place the junction of the
5. Terminology thermocouples 12 in. (300 mm) away from the

5.1 Definition: exposed face of the assembly. In the case of
5.1 I.1 fire stop-a through-penetration fire walls, place the thermocouples 6.0 in. (150 mm)

stop is a specific construction consisting of the away from the exposed face.
materials that till the opening around penetrat- 6.2.4 Read the temperature at intervals not
mn items such as cables, cable trays, conduits, exceeding 5 min during the first 120 min.
ducts, and pipes and their means of support Thereafter, the intervals may be increased to
through the wall or floor opening to prevent not more than 10 mm.
spread of fire. 6.2.5 The accuracy of the furnace control

5.2 Descriptions of Terms Specific to this shall be such that the area under the tempera-
Method ture-time curve, obtained by averaging the

5.2.1 test sample-the fire stop being tested. 'A typical thermocouple meeting these time-constant re-
5.2.2 test assembly-the wall or floor into quirements may be fabricated by fusion-welding the tmisted

ends of No. 18 B and S gage (0.040 m.) 1.02 mim) Chromel-
which the test sample(s) is (are) mounted or .Alumel wires. mounting the leads in porcelain insulatorsand
installed. inserting the assembly so the thermocouple head is U,50 in

113 min rom the sealed end of a standard weiehi. nominal
6. Control of Fire Tests : in. iron. fteel or Inconel pipe. The time constant tor this

and tr several other thcrmocouple asscmbhlies was measured
6.1 Temperature- Time Curve-The fire en- in 1976 The time constant may also be calculated from

vironment within the furnace shall be in ac- knovledge of its physical and thermal properties See Re-search Report RRE.5.1(SI. available from -\STM lead-
cordance with the standard temperature-time quarters.
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results from the pyrometer or thermoelectric 6.4.1.1 Walls-At the center and quarter
device'readings. is within 10 % of the corre- points on the vertical center line.
sponding area under the standard temperature- 6.4.1.2 Floors-At the center and quarter
time curve shown in Fig. I for fire tests of 60 points along the longitudinal center line.
min or less duration: within 7.5 % for those 6.4.2 The pressure-measuring probe tips
over 60 min and not more than 120 mim and shall be as shown in Fig. 3. manufactured from
within 5 % for tests exceeding 120 min in du- stainless steel or other suitable material.
ration. 6.4.3 Measure the pressure by means of a

6.3 Unexposed Surface Temperatures: manometer or equivalent transducer. The ma-
6.3.1 Make at least one measurement at each nometer or transducer shall be capable of read-

of the following locations on the unexposed ing 0.01-in. H.20 (2.5-Pa) increments.
surface of the test sample and floor or wall
assembly as shown in Fig. 2. 7. Test Sample

6.3.2 Additional temperature measurements 7.1 Construction and Size:
may be made at the discretion of the testing 7.1.1 The constriction of the test fire stops
agency to obtain representative information of shall be of sufficient size and include all con-
the performance of the fire stops. duits, pipes. cables (jacket types, sizes, conduc-

6.3.3 Measure temperatures on the surface tor types, percent fills), required supports, or
of the fire stop and assembly with thermocou- other through-penetrating items so as to pro-
pies placed under flexible pads specified in duce a truly representative fire stop for which
Annex A2. The pads shall be held firmly evaluation is desired. Fire stops shall be in-
against the surface; they shall fit closely about stalled and tested in each constructiorn type for
the thermocouples. The thermocouplejunction which ratings are desired.
shall be located under the center of the pads. 7.1.2 Through-penetrating items shall be in-
The thermocouple leads under the pads shall stalled so that they extend 12 in. (300 mm) on
be not heavier than No. 18 B and S gage (0.040 the exposed side and 36 in. (900 mm) on the
in.) (1.02 mm) and shall be electrically insu- unexposed side. The extended portion of the
lated with heat-resistant moisture-resistant cov- cables on the unexposed side shall be supported
erings. in the same manner as methods employed in

6.3.4 Measure temperatures of each type field installation. The individual ends of the
and size of penetrating item with at least one through-penetrating items shall be covered and
thermocouple located 1.0 in. (25.4 mm) from sealed by suitable means to prevent excessive
the unexposed surface of the fire-stop material, transfer of gases through the items between the
The thermocouple bead shall be held firmly furnace and the laboratory environment.
against the penetrating item. The thermocou- 7.1.3 The periphery of the fire stop shall not
pIe leads shall not be heavier than No. 22 B be closer than l times the thickness of the test
and S gage (0.025 in.) (0.635 mm) and shall assembly or a minimum of 12 in. (300 mm) to
be electricallv insulated with heat-resistant and the furnace edge, whichever is greater.'
moisture-resistant coverings. The pads as de- 8. Protection and Conditioning
scribed above shall be held firmly against the
penetrating; n and shall fit closely about the 8.1 Prior to fire test, condition the floor

thermocoupis. or wall assembly and fire stops to provide,
6.3.5 Read temperatures at intervals not ex- within a reasonable time, a moisture condition

ceeding 15 min until a readingexceeding212'F approximately representative of that likely to
(100°C) has been obtained at any one point, exist in similar construction in buildings. This
Thereafter, the readings may be taken more moisture condition is considered as that which
frequently at the discretion of the testing body. would be established at equilibrium resulting
but the intervals need not be less than 5 min. from drying in an ambient atmosphere of 50 %

6.4 Differential Pressure: relative humidity at 73°F (23°C). However,
6.4.1 Measure the pressure differential be- with some assemblies and fire stops it may be

tween the exposed and unexposed surfaces of difficult or impossible to achieve the equilib-
the test assembly required in 9.2 at three points ' The distance between fire stop peripherv and lurnace
0.78 in. (20 mm) from the surface and locate as edge ma. be reduced if the testing agency demonkstries and
follows: reports hait the edge eficts do not allect the results,
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rium moisture condition ' within a reasonable exposure test for a period equal to one half of
period of time. Therefore. floor or wall assem- that indicated as the resistance period in the
blies and fire stops may be tested when their fire test, but not more than 60 min, immediately
dampest portion has achieved a moisture con- after which subject the sample to the impact.
tent corresponding to drying to equilibrium erosion, and cooling effects of a hose stream as
with air in the range from 50 to 75 % relative described in Table I directed first at the middle
humidity at 73 ± 5°C (23 ± 3°C). If the and then at all parts of the exposed face, with
assembly or fire stops dried in a heated building changes in direction being made slowly.
fail to meet these requirements after a 12- 9.3.2 The test sponsor may elect, with the
month conditioning period, or if the nature of advice and consent of the testing body, to have
the construction is such that drying of the the hose stream test made on the sample sub-
assembly or fire stop interior will be prevented jected to the fire test and immediately following
by hermetic sealing, these requirements may be the fire test.
waived, except as to attainment of the required 9.3.3 The stream shall be delivered through
strength as described in 9. 1, and the assembly 2L.-in. (63.5-mm) hose and discharged through
or fire stop may be tested in the condition in a National Standard playpipe of corresponding
which it then exists. size equipped with a I k,8-in. discharge tip of the

8.2 Protect the testing equipment, sample. standard-taper, smooth-bore pattern wtihout a
and assembly undergoing the fire test from any shoulder at the orifice. The water pressure and
condition of wind or weather that might lead duration of application shall be as specified in
to abnormal results. The ambient air tempera- Table I.
ture at the beginning of the test shall be within 9.3.4 The nozzle --ifice shall be 20 ft (6.1 m)
the range from 50 to 90F (10 to 320C). The from the center of the exposed surface of the
velocity of air across the unexposed surface test specimen if the nozzle is so located that.
measured just before the test begins shall not when directed at the center, its axis is normal
exceed 4.4 ft/s (1.3 m/s) as determined b, in to the surface of the test specimen. If otherwise
anemometer placed at right angles to the unc - located, its distance from the center shall be
posed surface. If mechanical ventilation is em- less than 20 ft (6.1 m) by an amount equal to
ployed during the test. an air stream shall not 1 ft (300 mm) for each 100 of deviation from
be directed across the surface of the sample. the normal.

9. Conduct of Tests 10. Rating Criteria

9.1 Time of Testing-The test sample shall 10.1 FRating:
not be tested until the test assembly has devel- 10.1.1 A fire stop shall be considered as
oped sufficient strength to retain the fire stops meeting the requirements for an F rating when
securely in position. it remains in the opening during the fire test

9.2 Fire Test: and hose stream test within the following limi-
9.2.1 Control the differential pressure be- tations.

tween the exposed and unexposed surfaces of 10.1.2 The fire stops shall have withstood
the test assembly within ±20 % of the intended the fire test for the rating period without per-
pressure duiing the duration of the test (exclud- mitting the passage of flame through openings,
ing the first 10 min). The differential pressure or the occurrence of flaming on any element of
employed is intended to be that pressure which the unexposed side of the fire stops.
will be applicable to evaluate the fire stop with 10.1.3 During the hose stream test, the fire
respect to its field installation. A discussion stop shall not develop any opening that would
concerning the selection of pressure is con-
tained in Annex A3. 'A method for determining the relative humidity within

9.2.2 Continue the test until the desired eval- a hardened concrete specimen with electric sensine elements
is described in Appendix I ofa paper by Carl A. Menzel. "A

uation period is reached or until the rating Method or Determining the Moisture Condion o"

criteria of Section 10 are satisfied. Hardened Concrete in Terms of Relative Humidit" Pr).
ceedin . Am. Soc. " :sting Mats.. Vol 55. 1955. p 1083. A

9.3 Hose Stream Test: similar procedure with electric relative humidat ,ithin fire

9.3.1 Subject a duplicate sample to a fire test assemblies and lire stops made with other materlils
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permit a projection of water from the stream assembly surfaces shall be recorded during the
beyond the unexposed side. fire test and the basis for the chosen pressure

10.2 T Rating: shall be stated.
10.2.1 A fire stop shall be considered as 11.1.6 Observations of significant details of

meeting the requirements for the Trating when the behavior of the fire stops during the test
it remains in the opening during the fire test and after the furnace tire is extinguished shall
and hose stream test within the following limi- be recorded. These shall include cracks, defor-
tations: mation. flaming, and smoke issuance. Also.

10.2.1.1 The transmission of heat through these include continued burning within the fire
the fire stops during the rating period shall not stop after termination of the fire test.
have been such as to raise the temperature of 11.2 When the indicated, fire stop rating
any thermocouple on the unexposed surface of period is 60 min or over. a correction shall be
the fire stop or on any penetrating item more applied for variation of the furnace exposure
than 325'F ( 163"C) above its initial temperature. from the prescribed, where it will affect the
Also. the fire stops shall have withstood the fire rating, by multiplying the indicated period by
test during the rating period without permitting two thirds of the difference in area between the
the passage of flame through openings. or the curve of average furnace temperature and the
occurrence of flaming on any element of the sandard curve for the first three fourths of the
unexposed side of the fire stops. period and dividing the product by the area

10.2.1.2 During the hose stream test. the fire between the standard curve above a base line
stop shall not develop any opening that would of 68°F (20'C) for the same part of the indi-
permit a projection of water from the stream cated period, the latter area increased by 54°F
beyond the unexposed side. h or 30'C.h (3240'F min or 1800'C min), to

compensate for the thermal lag of the furnace
11. Report thermocouples during the first part of the test.

11.1 Results shall be reported in accordance For fire exposure in the test higher than stand-
with the performance in the tests prescribed in ard. the indicated rating period shall be in-
this method. They shall be expressed in time creased by the amount of the correction and be
periods of resistance to passage of flame to the similarly decreased for fire exposure below sur-
nearest integral minute. Reports shall include face. The correction can be expressed as fol-
the following: lows:

11.1.1 Description of the assembly, mate- C = (4 +

rials, and penetrating itmes of the test fire stop
shall be identified and described. Drawings where:
depicting geometry, exact size (length. width. C = correction in the same units as I.
thickness). iind location of fire stops within the I = indicated fire-resistance period.
test assembly shall be recorded. .4 = area under the curve of indicated average

11.1.2 The relative humidities of the test as- furnace temperature for the first three
sembly and fire stop materials, if applicable, fourths of the indicated period.
shall be recorded. .4, = area under the standard furnace curve for

11.1.3 The furnace and the unexposed side the same part of the indicated period, and
temperatures shall be recorded for the duration L = lag correction in the same units as A and
of the standard fire test. A. (54°F.h or 300 C.h: 3240°F.min or

11. 1.4 The F and T ratings for each fire stop 1782°C • min).
shall be reported in the time period of resist-
ance. 12. Precision and Accuracy

11.1.5 The measurermentofdifferentialpres- 12.1 The precision and accuracy of this
sure between the exposed and unexposed test method have not been determined.
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TABLE I Pressure and Duration-Hose Stream Test' 24 0 -

Duration of I I I - - 1200W ater Prase Application. 1 f I
Resistance Period so e. si Seconds Per 2000 -

Nozzle'kPs' ft'(m') of Ex-
(kPa) posed Area -I000

240 Tun and over if less 45(310) 3.0(321 -00 ,

than 480 min 1-0 T I-
120 mm and over if less 30(210) I 5116
than 240 min I I I

90 minandoveriflessthan 30(210) 0.90(10) 1200 .
120) min1 600 2

60 in and overiflessthan 30,210) 0.60(6) I
90 min - -OO -- 00 E

Less than 60 mm if desired 30(210) 0.60(6) 800

' When a single fire stop is tested, calculation of the area { ] .-
to be exposed to the hose stream may include more than the 400 '1200
outside dimensions of the fire stop if the hose stream uni- I I I
formlv traverses that area. Where multiple test fire stops are
tested in the same wall or floor assembly, the rectangular I i -
area encompassing all of the fire stops shall be considered as 0 -0

the exposed area since the hose stream must traverse this 0 2 4 6 8
calculated area during its application. Time, h

NoE -For a closer definition of the temperature-time
curve, see Annex Al.

FIG. I Temperature-Time Curve

D

9C
F A  OE

OA

Floor Assembly-Plan View Floor Assembly- levation View

Wall Assembly-Elevation View Wall Assembly-Plan View

A At a point on the surface of the tire stop I in. (25 mam) from one throuph-penetrating item for each ,)pe of penetrating
item employed in the field of the tire rtop. If the grouping of penetrating items through the test sample prohibits placement
of the thermocouple pad. the thermocouple shall not be required.

B -- At a point on the tire stop surfac.e at the periphtery of the fire stop.
C At a minimum of three points on the tire stop surface approximately equidistant from a penetrating itern or group ot

penetrating iterns in the field hi'the tire ,top and the periphery.
D- At one point on any frame that is installed about the perimeter of" the opening.
E- At one point on the unexposed surfac:e of the %, all or floor that is a minimum of 12 in. (305 mini from an.y, opening.
F - At one point on each type of through-penetratingitern

FIG. 2 l'emperature lea,urement L~ocations~
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SPECIMEN( FURNACE-- K25T251
20 20- -

40

STEELI

TUBEI

-40

~25
MILD STEEL i
BAFFLE
(THKNS. 3)

SECTION ELEVATION

IG(. 3 Sitic Prc'.sure-%Iea~uring Desice Dimensions inlilimetre%

The A4merican Societi for TevTung and .M.aterials takes no position respecting the va/idi.1 of anv patent rights asserted in

connection %ith aniterm mentioned in thi, standard Users of this standard are expressltcadv~ised that determination of the validirt

of an such patent rights. and the risk of infringement of such rights. are entireltc their own responsibilty.

Tist standard is subject to ret ision at an, time hr the responsible technical committee and must be reviewed every five tears

and it nit revted. either reapprosedor c..thdrawn. Your comments are in% ied cci her for revision of this standard or for additional

standards and Yhould be addressed to A STVc Headquarters. Your comments %cill receive careful consideration at a meeting of the

ref"'~ ie technical committee. %c hich viou mat attend If % oufeel that % our comments have not received ajair hearingt iou should

mak e t our % ieccv knotccn to the. ASTAI Committee on Standards. IlVrI Race St.. Philadelphia, Pa. / 9103.
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ANNEXES

Al. STANDARD TEMPERATURE-TIME CURVE FOR CONTROL OF FIRE TESTS

Time Temperature. Area Aboc 6c WF Base Temperature. Area Above 20'C Base

h mi F 'F-mmn F-h IC °C-min C-h

000 8 0 0 20 00 0
005 0010 2 330 39 538 I 290 22
0 10 1300 7 740 129 704 4 300 72
0 15 i 399 14 150 236 760 7 860 131
020 1 462 20 970 350 795 I1 650 194
025 I 510 28 050 468 821 15 590 260
030 1 550 35 360 589 843 19 650 328
035 I 584 42 860 714 862 23 810 397
0:40 1 613 50 510 842 878 28 060 468
045 1 638 58 300 971 892 32 390 540
0.50 1 661 66 200 I 103 905 36 780 613
055 681 74 220 I 237 916 41 230 687
100 1700 82 330 1 372 927 45 740 762

105 I 718 90 540 1 509 937 50 300 838
110 1 735 98 830 I 647 946 54 910 915
115 1 750 107 200 I 787 955 59 560 993
1 20 1 765 115 650 1 928 963 64 250 1071
125 1779 124 180 2 070 971 68 990 1 150
1 30 1 792 132 760 2 213 978 73 760 1 229
1 35 1 804 141 420 2 357 985 78 560 1309
140 I 815 150 120 2 502 991 83 400 1 390
1 45 1 826 158 890 2 648 996 88 280 1 471
hSO 1835 167 700 2 795 1 001 93 170 1553
1 55 1843 176 550 2 942 1 006 98 080 1635
2.00 1850 185 440 3 091 1 010 103 020 1717

2:10 1862 203 330 3 389 1017 112 960 1 882
2.20 1875 221 330 3 689 1024 122 960 2 049
230 1 888 239 470 3 991 1 031 133 040 2 217
240 1900 257 720 4 295 1038 143 180 2 386
2.50 1 912 276 110 4 602 1 045 153 390 2 556
3.00 1925 294 610 4 910 1052 163 670 2 728

3 10 I 938 313 250 5 221 I 059 174 030 2 900
3 20 1 950 332 000 5 533 1 066 184 450 3 074
3.30 I 962 350 890 5 848 1 072 194 940 3 249
3 40 1 975 369 890 6 165 1079 205 500 3 425
350 I 988 389 030 6 484 1 086 216 130 3 602
400 2 000 408 280 6 805 1093 226 820 3 780

4 10 2 012 427 670 7 128 I 100 237 590 3 960
420 2 025 447 180 7 453 1107 248 430 4 140
430 2 038 466 810 7 780 1 114 259 340 4 322
440 2 050 486 560 8 110 1 121 270 310 4 505
4 50 2 062 506 450 8 441 1 128 281 360 4 689
5.00 2 075 526 450 8 774 1 135 292 470 4 874

5.10 2 088 546 580 9 110 1 142 303 660 5 061
520 2 100 566 840 9 447 1 149 314 910 5 248
530 2 112 587 220 9 787 1 (56 326 240 5 437
540 2 125 607 730 10 129 1 163 337 630 5 627
550 2 138 628 360 10 473 1 170 349 090 5 818
600 2 150 649 120 10 819 1 177 360 620 6 010

6 10 2 162 670 000 II 167 1 184 372 230 6 204
6 20 2 175 691 010 II 517 1 191 383 900 6 398
630 2 188 712 140 II 86) I 198 395 640 6 594
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A2. REQUIREMENTS FOR THERMOCOLPLE PADS

A2.I The pads used in measurements of temper- A2.l.3 Densitv-31.2 t 0.6 lbift' (500 t 10 kg/
ature of unexposed surfaces of specimens shall be of m ).
suitable inorganic material and ,hall exhibit the fol- A2.1.4 Thermal Conductiviyv at 150'F-O 380 _
lowing properties: 0.027 Btu. in./h. ft'. 0F (0.055 t 0.003 W/m. K),

A2.1 t Length and Kidth-2.00 - 0.04 in. (50.8 A2.2 The pads shall be sufficiently soft so that
I mm). without breaking, they may he shaped to contact over
A2. 1.2 Thickness-0.40 ± 0 05 in. ( 10 ± I mm). the whole surface against which they are placed.

A3. DIFFERENTIAL PRESSURE SELECTION

A3.1 The differential pressure emploed in testing type of installation for which the test is proposed, (3)
should be determined b, either (1) code require- the test sponsor, or (4) other circumstances.
ments. 12) the design pressure that may occur in the

APPENDIX

X1. DISCUSSION OF SEVERAL ITEMS OF THE METHOD

XI.I Introduction posed surface temperature rise. (31 ignition of cotton
XI.1.1 In writing this standard. various comments waste, and (4) hose stream.
and enginweringitsoviewarX 1.3.2 Passage of Flame and ttot Gases and Igni-

and engineering points of view were considered. The tion of Cotton Waste-In Method E 119 one criterion
method was written to reflect the broadest possible of acceptance of a floor-ceiling or wall is that theconsensua of these comments.

assembly shall have withstood the fire endurance testX . .2 This appendix provides a brief discussion without passage of flame or gases hot enough to
of several significant items that were considered. It is p
intended that the basis for the items included in the ignite cotton waste. The object of this criterion is to
mtendd ta we ass coflicthites pins vi, be minimize the potential for igniting combustible ma-
method as well as conflicting points of view, be terial that might be placed in contact with the unex-
presented in this discussion, posed surface. In this method, the use of cotton waste

XI.2 Applicability is excluded and the judgment shall be based only
upon visual observation and surface temperatures.

X 1.2.1 This method is applicable to through-pen- X 1.3.3 In Method E 119, visual observation of the
etration fire stops of various materials and construc- passage of flames and hot gases is supplemented with
tion. These fire stops are intended for use in openings the use of cotton waste. The cotton waste serves as
in fire resistive walls and floors, an additional indicator where visual observations are

X 1.2.2 This method does not apply to termination insufficient to determine whether passage of hot gases
devices intended to provide electrical. communica- is occurring. In this method the cotton waste criterion
tion. or other circuitry at the surface of the assembly, was excluded for the following reasons: (1) the
and which are evaluated as an integral part of an through-penetrating items of a fire stop which con-
assembly in accordance with Methods E 119. tinue beyond the wall cr floor surface often constitute

the combustibles at the unexposed surface, while at
XI.3 Criteria the same time minimize the opportunity for other
X 1.3.1 General-This fire method for fire stops is combustibles to come in contact with the wall or floor

intended to be concerned with evaluating protection at the vicinity of the penetration and 12) the through-
provided for openings created in walls or floors which penetrating items may be of a nature that they inhibit
otherwise have a fire resistance rating established in placement of the cotton waste on the protection
accordance with Method E 119. Presently fire doors material surface, while at the same time often being
and windows, which are similar items, are evaluated of sufficient temperature that contact with the cotton
by other ASTM standards. Accordingly, the objective waste would ignite the cotton waste, thus giving a
o this method is to assure that the use of such fire false indication of fire stop surface ignition.
stops would not jeopardize the required fire resistance X1 .3.4 Unexposed Surface Temperatures-It has
performance of the wall or floor assembly. The rating been argued that temperatures on the unexposed
criteria are accordingly predicated on those condi- surface should not be considered in determining the
tions relevant to ratings of walls and floors by Method performance of the fire stops, since the fire stops will
E 119. modified to the extend necessary to take cog- be installed in such places where they will not be in
nizance of the special conditions represented by the contact with wood. carpeting. plastic, or other such
occurrence of the fire stops including the penetrating materials which may ignite at relatively low temper-
items. In Method E 119, conditions of acceptance atures. It is further argued a temperature limitation
inc!ude (1) passage of flame and hot gases. (2) unex- should not be imposed on frames about the opening
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of fire stop devices or systems since they represent a X .3.14 The method indicates that the use of ad-
direct path for heat to flow through to the unexposed ditional thermocouples may be required as deter-
surtace. mined for individual fire stops.

XI.3.5 While thcse arguments may be valid for XI.3.15 Hose Stream Test-Passage of the hose
some installations, it will be true that the Ere stop stream test was included as an acceptance criterion
devices v, ill also be used in areas where ihe%, will since it is an indicator of the initegrity of the fire stop
come in contact with wood, dust. carpe'itt. paint, during fire exposure and the overall reliability of the
wall coverings, or other such materials, material to perform its intended function. Tie hose

X1.3.6 Further. there are cases where ngorous stream test method as outlined in Method E 119 is
regulations prohibit combustibles, other than the ma- considered as applicable to the fire stops.
terial that passes through the wall or floor. from the XI.3.16 Not to conduct a hose stream test without
area in w. hich the fire stops are located. However. the applying any design live load to the test assemblies.
record clearly establishes that combustible materials would be fire testing the assemblies while ignoring
such as dust accumulation, workman's clothing items, their integrity. It is important that an indication of
miscellaneous building and repair items may well be the integrity of performance be obtained for the fire
found in such locations. stops. Failure of the integrity of the fire stops would

XI.3.7 It has been argued that the use of temper- aid the spread of fire by causing passages for the
ature limitation as described in Method E 119 must flames and hot gases.
be retained if the overall character of the firc-resist- XI.3.17 However, it was argued that conducting
ance rating is to be retained, the hose stream test may be difficult to perform at

XI.3.8 In order to satisfy both positions this various testing facilities without significant modifi-
method provides two ratings: a Trating incorporating cations to equipment.
temperature and flame limitation, and an F rating XI.3.18 It was proposed that the hose stream test
predicated only on observation of passage of flame be included as an option only. Also. it was argued
or hot gases. that different hose streams (pressure, spray. dura-

XI .3.9 The F rating is based upon observation of tions) be included as an option.
passage of flame. The T rating is based upon passage X I.3.19 Although the hose stream tests provide a
of flame and a maximum individual temperature measure of the structural performance of the fire stop
limitation of 325F (181'C) above ambient. There- material, it should not be construed as a measure of
fore, depending upon the construction, the authority the load carrying ability of the fire stop tested.
having jurisdiction may choose the rating that is most X1.3.20 Also, the hose stream ,est is not intended
appropriate to fulfill the particular needs of the build- to evaluate the structural performance of the floor or
ing. wall after the inclusion of the various fire stops.

XI 3.10 Placement of thermocouples as specified
by the method is predicated on obtaining tempera- XI.4 Test Sample
tures representative of the various fire-stop items. XI.4.1 The cables, conduits, pipes and other pen-
and the difference in heat transmission through the etrating items used in the fire stops shall be repre-
fire-stop material at various locations. sentative of the fire stop for which evaluation is

Xl 3.11 A location of approximately 1.0 in. (25 desired. It is intended that the data and information
mm) from a penetrating item on the unexposed sur- provided by the testing of the fire stops with various
face of the fire stop would represent a hot point on penetrating items would be used to determine ac-
fire-stop surface. The distance of 1.0 in. (25 mm) was ceptability of a specific fire stop in the construction.
obtained since one size of standard thermocouple XI.4.2 Extension of cables, conduits, and pipes 3
pads is 2.0 by 2.0 in. (50 by 50 mm). and the ther- ft (0.9 m) beyond the unexposed surface, as shown
mocouple junctions shall be at the center of the pad. by previous testing, satisfactorily represents continu-
This fixes 1.0 in. (25 mm) as the closest permitted ous cables and conduit as would be encountered in
spac In from penetrating items, the field condition.

X I S 12 A location at a point on the surface at the
periphery of the fire-stop material, and at a point
approximately equidistant from penetrating items in XI.5.1 The method specifies that pressure in the
the field of the fire stop and the peripher, would furnace chamber with respect to the unexposed sur-
obtain temperature information helpful in evaluating face shall be that pressure which will be applicable
the thermal transmission through the fire stop. to evaluate the fire stop with respect to its field

Xl.3.13 Also. temperatures of any frame about installation. This pressure shall be determined by a
the opening and the temperatures of penetrating specific code requirement. by the special design pres-
items (that is. cable conductor, conduit) shall be sures in te building in which the fire stop is to be
recorded in evaluating the thermal transmission per- installed, or by the test sponsor requesting a special
formance of the fire stop. environment to evaluate the t"re stop sample.
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File USNCI42 i Issued: 8-13-86

NOTICE

This Report was prepared as an account of work sponsored by
:he United States Government. Neither the United States
Government nor Underwriters Laboratories Inc. nor any of their
employees nor any of their contractors, subcontractors, or their
employees make any warranty, express or implied, or assume any
legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or
p:ocesses disclosed, or represents that its "se would not
infringe on privately owned rights. This Report may not be used
in any way to infer or to indicate acceptability by Underwriters
Laboratories Inc. for any product or system.
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ABSTRACT

Tests were conducted on eight Class A-0 deck assemblies,
twenty-seven Class A-60 deck assemblies and three assemblies with
insulation installed by way of the transit only. Each test
sample was a 36 by 36 in. by 3/16 in. thick steel plate with a
penetrating item. Eighteen penetrating items were submitted.
Each penetrating item was installed through a Class A-0 deck
assembly and/or through a Class A-60 deck assembly. The
penetrating items included steel pipe, copper pipe, PVC pipe,
steel duct and electrical cables.

All tests were conducted in accordance with the Standard,
Fire Tests of Through-Penetration Firestops, UL 1479 (ASTM E814).
The thirty-eight samples were exposed to a 1 hour furnace fire
that reached a temperature of 1000*F at 5 min, 1550 0 F at 30 min,
and 1700OF at 60 min. Within 5 min after the fire exposure, each
of the thirty-eight samples was subjected to a water stream of 30
psi for a 13.5 second duration.

During the tests, measurements and observations were maae of
the passage of flame and water through the deck assemblies, the
temperature of assemblies, the temperature of the furnace and the
pressure of the water stream. The pressure conditions within the
furnace were measured during six cf the thirty-eight tests as
requested by the USCG. Photographic and video records of the
thirty-eight tests were obtained.
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FOREWORD

This is a final report of an investigation conducted under
Purchase Order No. DTCG50-86-P-00737 issued by the United States
Department of Transportation, United States Coast Guard for the
second phase of their R & D Project No. 2284.

The test work was conducted during the time period of

June, 1906 to July, 1986.

Respectfully submitted

UNDERWRITERS LA ORATORI S INC.

17141r 44 -/#
MARK IZYDOREK (Ext. 3352)
Engineering Assistant
Fire Protection Department

Reviewed by:

GERALD D. PALIKIJ (E t. 2758')
Senior Engineering Assistant
Fire Protection Department

Reviewed and approved by:

ROBERT M. BERHINIG ( x . 2292)
Associate Managing E:i ineer
Fire Protection Department
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INTRODUCTION

The tests were conducted to provide data to the United
States Coast Guard (USCG) and the Canadian Coast Guard (CCG) in
the second phase of their joint study of firestop systems (R & D
Project No. 2284) used to prevent the passage of flame and hot
gases at penetrating items through Class A-0 and through Class
A-60 deck assemblies.

Eighteen combinations of firestop systems and penetrating
items were tested. The thirty-eight samples for the second phase
of USCG and CCG R & D Project No. 2284 were identified by the
USCG.

The identification numbers represent the sample
constructions that were tested in the first phase of the USCG and
CCG joint study under Project 84NK8504, File USNC142 (Report
dated October 19, 1984).

identification No.
(Number Of Tests) Sample Description

D-3 (1) Original D-3, but retested with A-60
insulation on the unexposed side.

D-4 (2) Original D-4, but retested with A-60
insulation on exposed side covering flange
and A-60 insulation on unexposed side also
covering flange.

D-5 (1) Original D-5, but retested with A-60
insulation on the unexposed side.

D-6 (1) Original D-6, but retested with A-60
insulation on the unexposed side.

D-9 (1) Original D-9, but retested with A-60
insulation on the unexposed side.

D-10 (3) Redesign of D-10 with longer (15 in.) steel
spigot. Tested with A-60 insulation on both
the exposed and unexposed sides, also tested
without insulation as A-0.

D-11 (1) Original D-11, but retested A-60
insulation on unexposed side.
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Identification No.
(Number Of Tests) Sample Description

D-14 (3) Redesign of D-14 with longer (15 in.) spigot.
Tested with A-60 insulation on both the
e:cposed and unexposed sides, also tested
without insulation as A-0.

D-15 (1) Original D-15, but retested with A-60
insulation on unexposed side.

D-16 (1) Original D-16, but retested with A-60
insulation on unexposed side.

D-17 (3) Redesign of D-17. Tested with A-60
insulation on both the exposed and unexposed
sides, also tested without insulation as A-0.

D-19 (4) Original D-19, but retested with A-60
insulation on the unexposed side, also tested
with 6 in. of insulation on both the exposed
and unexposed sides by way of transit only.
One additional sample was tested with 3 in.
of insulation on each side by way of the
transit only.

D-21 (1) Original D-21, but retested with A-60
insulation on the unexposed side.

D-22 (3) New design, tested with A-60 insulation on
both the exposed and unexposed sides, also
tested without insulation as A-0.

D-23 (3) Redesign of D-20 with longer spigot. Tested
with A-60 insulation on both the exposed and

unexposed sides, also tested without
insulation as A-0.

D-24 (3) New design, tested with A-60 insulation on
both the exposed and unexposed sides, also
tested without insulation as A-0.

D-25 (3) Redesign of D-17, tested with A-60 insulation
in both the exposed and unexposed sides, also
tested without insulation as A-0.

D-26 (3) New design, tested with A-60 insulation on
both the exposed and unexposed sides, also
tested without insulation as A-0.
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Construction drawings of each test sample are shown in each
of their respective "Test Records." A suffix was added to each
sample identification number identifying its construction, they
are as follows:

/AO - Without insulation
/A60E - Insulation installed on the exposed surface
/A60U - Insulation installed on the unex:posed surface

The original construction drawings sent to UL by the CCG are
contained in this Report. Copies of this Report contain copies
of the construction drawings in which some clarity was lost
during the reproduction process.

All tests were conducted in accordance with the Standard,
Fire Tests of Through-Penetration Firestops, UL 1479. This
Standard is used to determine hourly ratings for firestop systems
surrounding items penetrating through hourly rated fire resistive
horizontal and vertical assemblies.

UL's small-scale horizontal furnace was used for all fire
tests. This furnace has a horizontal opening of 31.5 by 31.5 in.
with a depth of 32.5 in. A positive pressure differential was
maintained between the furnace chamber and the laboratory.

The data package obtained during each test consisted of
temperature measurements, photographic and video records, and
visual observations. Temperatures were recorded at 4 min
intervals at various locations on each test sample. Photographs
of the samples were obtained before the fire tests, at 5 min
intervals during the fire tests, after the fire tests, during the
water strqam tests and after each water stream test. A
photographic sign board was pictured in each photograph providing
the following information: The sample designation or
identification number, UL's test number, the test date and a
Reference Letter "P," "T," "A" or "S." "P" referenced pre-test
photographs, "T" referenced photographs during the fire test, "A"
referenced after fire test photographs and "S" referenced after
hose stream photographs. A clock was present in each photograph
during the fire test showing the test duration. The appearance
of each sample was observed during each fire test and after each
water stream test. A "Composite" video was recorded for two
samples (D1O/A60U and D23/A60U) illustrating various stages of
the test program. Pressure measurements within the test furnace
were recorded for six tests.
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The UZCG and CCG selected and designed the penetrating items
and firestop systems tested. Most of the thirty-eight samples
were delivered to UL with the penetrating items and firestop
systems installed. Installing OAKUM and RTV sealants on
approximately nine samples was done by members of UL's technical
staff and representatives of the USCG and CCG at Underwriters
Laboratories. The rockwool insulation was installed at UL by
members of UL's technical staff.

The penetrating items included various combinations of steel
pipe, copper pipe, PVC pipe, steel air ducts, and electrical
cables. The firestop systems included steel plate, bronze plate
and proprietary fire resistive sealants and devices.
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CONSTRUCTION OF TEST ASSEMBLIES

The construction details of the test assemblies were
designed by the USCG and CCG. The samples were received at UL
with the various penetrating items attached to the 36 in. by
36 in. by 3/16 in. thick steel plates. All samples were
representative of an A-0 construction when received at
Underwriters Laboratories Inc.

For samples representative of an A-60 construction, members
of UL's technical staff secured rockwool batts to either the fire
side, the nonfire side or both sides of the steel plates and
penetrating items. The rockwool batts were 75 mm thick and bore
a label containing the following information:

MA. Firebatts
110 Kg/m 3

900 x 600 x 75 mm
4 pieces
Rockwool

The 75 mm thick batts were secured to the steel plates and
penetrating items. To secure the batts to the steel plates,
0.093 in. diameter steel pins were welded to the plates at a
horizontal and vertical spacing designated by the USCG. The
batts were impaled onto the pins and a single layer of hexagonal
wire netting was wrapped around the rockwool batts. The batts
and netting were secured in place by means of clinch shields.
The netting was formed by 0.041 in. diameter steel wire twisted
into 2 in. hexagons. The excess length of the steel pins was
then cut off. Steel pins were also attached to some of the steel
penetratirg items, and the batts and netting were affixed to the
penetrating items in the same manner.
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T E S T R E C O RD -G E N E RA L

FIRE EXPOSURE TEST:

The fire tests were conducted with the furnace temperatures
controlled in accordance with the requirements of Standard,
"Through-Penetration Firestops," UL 1479 (ASTM E814).

METHOD

The assemblies were tested on a horizontal furnace having a
31.5 in. by 31.5 in. opening. Details of the furnace are shown
on ILL. 1. The furnace temperatures, measured 12 in. below the
exposed surface of the test specimen, were adjusted to follow the
Standard Time-Temperature Curve as specified in the Standard,
UL 1479. These temperatures were measured by means of two
thermocouples diametrically located at the quarter points.

Type K, No. 24 gauge chromel-alumel thermocouples were used
for all temperature measurements on the deck assemblies. The
thermocouples were covered with 2 in. by 2 in. by 7/16 in. thick
dry ceramic fiber pads. The location of the thermocouples are as
shown in ILLS. following each "Test Record."

The pressure differential between the furnace and the
laboratory was measured with a probe connected to a manometer.
During the tests of Samples D3/A60U, D5/A60U, D17/A60E,
D19/A60-9U, D22/A60U and D26/A60U, the pressure probe was placed
0.25 in. below the exposed surface and was located as shown on
ILL. 2. The furnace operation during these six fire tests was
typical of the furnace operation for all thirty-eight fire tests.

RESULTS

Throughout the fire tests, observations were 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 penetrating items with special
reference to integrity of the assembly and flame passage through
the assembly. All observations are reported in each "Test
Record."

The temperature measured on the test assemblies during each
test are shown on ILLS. following each "Test Record."

The pressure measurements recorded during the tests of
Samples D3/A60U, D5/A60U, D17/A60E, D19/A60-9U, D22/A60U and
D26/A60U are reported in each of their respective "Test Records."
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File USNC142 Page 7 issued: 8-15-86

:OSE STREAM TEST:

SAMPLE

The hose (water) stream was applied to the e:zposed surface
of the deck assembly. immediately following the fire exposure
test, the sample was removed from the furnace and placed in a
steel support rack which pivoted the sample approximately 900
such that the exposed and unexposed surfaces of the sample, as
fire tested, were orientated vertically like a wall assembly.
The hose stream test commenced approximately 4 min after the
furnace fire was extinguished.

METHOD

The hose (water) stream test was conducted in accordance
with the Standard, "Through-Penetration Firestops," UL 1479
(ASTM E814) assuming the samples were exposed to a 2 h fire test.
Therefore, the assemblies were subjected to the action of a
30 psi water stream applied for a duration of 1.5 s/ft

2 of
exposed area. The water stream was applied with a 1-1/8 in.
diameter nozzle at a perpendicular distance of 20 ft from the
center of the test assembly. The water stream was applied to the
9 ft2 samples for 13.5 seconds and traversed the deck assembly
and penetrating item. The hose stream exposure was of the same
pressure and the same duration as applied to samples tested
during Phase I of the study.

RESULTS

The results of each hose stream test are noted in each
sample's 'ITest Record."

C-I



SMALL SCALE HORIZONTAL
EXPOSURE FURNACE

______ I/aTHERMYOCOUPLES

OBSERVA IO OTS

460-3/4

0-1/4 !'a 
0 0U

USNC 142
ILL. 1
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Samples '
D3/A6OU
D5/A6OU
D17/A6OE
Dl 9/A60-9t3
D22/A6OU i

D26/A6OU 1

__-,PRESSURE DIFFERVIATIAL

EXPOSED SURFACE

PRESSURE DIFFERENTIAL PROBE
LOCATIONS USNC 142

ILL. 2
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File USNC142 Issued: G-15-86

T E S T R E C 0 R D D3/A60U

SAMPLE:

The fire and hose stream tests we re conducted on the
assembly identified as D3/A60U and as shown in ILL. 3.

The fire and hose stream tests were conducted on
June 24, 1986 and identified by UL as Test No. 32.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations *

10 The steel plate bowed and twisted along with
the insulation.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Note: When removing the test assembly from the furnace, the
3 in. diameter copper pipe on the exposed side, below
the bronzc flange, collapsed.

Temperature of the Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 4.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 5 through 5B.

Pressure Record - The pressure within the test furnace
ranged from +0.005 in./H 20 to +0.01 in./H,O (+1.24 Pa to
+2.5 Pa), throughout the duration of the fire endurance test.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

• A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D3/A60U
UL TEST NO. 32

O STEEL PLATE, 36X36X 3/16- THICK
ASTMA-53, GRADE A OR B (OR EQUIVALENT).® STEEL PLATE COLLAR IO DIA. X 3116 THICK
ASTMA-53 GRADE A ORB.

( 150 LBS STEEL FLANGE
3 NOMINAL DIA. PIPE SIZE.

O150 LBS BRONZE FLANGE
3 NOMINAL DIA. PIPE SIZE.

OSEAMLESS STEEL PIPE,
3- NOMINAL DIA. PIPE SIZE,
SCHEDULE 40.

REGULAR COPPER PIPE INSULATION
31ANOMIAL DIA. 2 COPPER PIPE BLANKED

OFF (BOTH ENDS)

6 3 5 3 4 6

10-1/2" .-1 .2 .

15"
18" L-36"

TEST SAMPLE NO, D-3A
COPPER PIPE WITH
STEEL SPIGOTS(R&DC 

GRAPHIC 1)

USNC 142
ILL. 3
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SAMPLE D3A60U
TEST DATE JUNE 24, 1986

T.C. Location

1 On penetrant, 4-1/2 in. above steel plate.

2 On penetrant, 6-1/2 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, 18 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On steel plate insulation, at interface of penetrant
insulation.

7 On steel plate insulation seam, at interface of
penetrant insulation.

8 On steel plate insulation, 1 in. from penetrant
insulation.

9 On steel plate insulation seam, i in. from penetrant
insulation.

10 On steel plate insulation, 6 in. from penetrant
insulation.

11 On steel plate insulation seam, 6 in. froLI penetrant
insulation.

12 On top of penetrant.

USNC142
ILL. 4

C-16



I[I - -. C A T Gjd iARzn
UL Test No. 32 - D3/A60U

86NK8673/USNC142
6-24-86

Temper.ture fe3rees F

CHAN(NOS.) 1 2 3 4
TIME
0 0 65.4 G5.2 65.3 66.5
4: 0 66.8 66.6 66.1 '8.3
8" 0 67.5 67.2 62.3 75.5

12: 0 68.9 G8.1 67.8 9Z.G
20: 0 75.9 71.7 69.0 111.
24: 0 83.0 26.9 21.1 i2L.1
28: 0 111.14 88.4 ,'4.8 130.72
32: 0 156.1 100.8 )8.- 156.1
36: 0 198.8 112.6 81.6 i,70.3
40: 0 251.8 123.6 85.1 186.6
44: 0 302.4 131.2 88.8 2Q2.5
48: 0 332.3 142.2 93.5 218.2
52: 0 365.3 153.1 98.5 2351.7L-. 17 C,

56: 0 388.0 160.8 105.2 255.5
G0: 0 404.2 169.2 112.3 266.1

F ILE USNCI42

ILL. 5
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UL Test No. 32 - D3/A60U
86NK8673/USNC142

6-24-86

Temperature Degrees F

CHAN(NOS.) 5 6 7
TIME
0: 0 65.5 68.1 72.1 68.3
4: 0 68.2 69.9 86.6 21.1
8: 0 70.4 73.1 120.8 73.9

12: 0 76.4 79.5 250.5 78.2
20: 0 94.2 101.7 572.9 108.3
24: 0 103.9 159.7 692.5 137.5
28: 0 112.9 280.0 778.1 299.2
32: 0 123.0 419.2 843.6 302.2
36: 0 132.1 501.2 888.5 452.8
40: 0 142.5 565.1 929.4 494.4
44: 0 152.9 GO9.3 968.4 524.2
48: 0 164.1 639.5 1091.5 54G.3
52: 0 175.5 662.2 1028.0 566.1
56: 0 185.3 679.1 1049.7 581.7
60: 0 195.3 692.0 1069.4 593.7

FILE USNC142
ILL. 5A
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H.S. CnAqT ("IAifn
UL Test No. 32 - D3/A60U

86NK8673/USNC142
6-24-86

Temperature Degrees E

CHAN(NOS.) 9 10 11 12
TIME
0: 0 70.5 66.1 69.7 64.9
4: 0 110.9 65.0 80.2 GG.1
8: 0 183.9 63.8 124.G 67.9

12: 0 346.2 64.0 250.6 G9.6
20: 0 598.5 69.2 428.3 82.4
24: 0 672.7 73.9 471.9 31.1
28: 0 735.7 79.4 502.6 97.9
32: 0 795.1 79.7 535.3 106.2
36: 0 835.0 80.0 560.2 113.1
40: 0 877.0 78.5 585.6 120.8
44: 0 917.2 89.8 611.5 127.5
48: 0 959.9 88.4 636.2 134.9
52: 0 994.7 90.6 655.6 142.1
56: 0 1022.4 92.B 670.8 148.1
60: 0 1045.6 86.G 685.1 154.4

SAMPLE D3/A6OU

UL TEST NO. 32
1400'

- 120

LI

z 100 - -

x aoo,-

<~ --

,.,

200--

0-- 
'

0 10 20 30 40 50 a

Time (In Minutes)

- Avg. temp curve

25o F. + Ambient(e7 F.) ,- 317 F.
325 F. + Ambient(67 F.) - 392 F.
403 F. + Ambient(87 F.) - 472 F.
H- a t channel (09)
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D4/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D4/A60E and as shown in ILL. 6.

The fire and hose stream tests were conducted on
June 12, 1986 and identified by UL as Test No. 14.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

51 No significant changes had occurred.

52 The bronze flange on the exposed side along
with its insulation fell into the furnace
chamber.

60 Test terminated.

Temperature Of Assembly - The locations of the thermocouples
used to measure the various temperatures on the deck assembly are
shown in ILL. 7.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 8 through 8B.

Hose Stream Test - No water passed through the assembly
during the hose stream test.

Pictorial History - Photographs were taken before, during and after
the fire test.

C-20



D4/A6OU
UL TEST NO. 14

OSTEEL PLATE 36x36*x3/16* THICK
ASTMA-53, GRADE A OR B (OR EQUIVALENT).

(>STEEL PAD 10-112'0 OD. x 8" I.D. x 314' THICK.
\,)ASTMA-53, GRADE A OR B.

®BRONZE FLANGE, 10- 1/2 O.D. x 518'THICK.

04 518 DIA. STUDS, 4 REQUIRED.

®150 LBS BRONZE FLANGE
3"AlK)MAAL DIA. PIPE.OREGULAR COPPER PIPE,
X NOMIN4L DIA

COPPER PIPE BLANKED
I NSULATION OFF (BOTH ENDS)

33"

..... CON.INUOUS .WELD

... 15..15" 21

L:COPPEROU PIPEWIT

COPPER SPIGOT
(RADOC ORAPHrE 3)

USNO 142
ILL 6
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SAMPLE D4/AGOE

TEST DATE JUNE 12, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 15 in. above steel plate.

4 On penetrant, 17 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On 10-1/2 in. OD bronze flange, 3 in. from penetrant.

7 On 10-1/2 in. OD bronze flange, 3 in. from penetrant.

8 On steel plate over insulation, 5 in. from penetrant.

9 On steel plate over insulation seam, 5 in. from
penetrant.

10 On steel plate over insulation, 12 in. from penetrant.

11 On steel plate over insulation seam, 12 in. from
penetrant.

12 On top of penetrant.

USNC142
ILL. 7

C-22



11. CnA T GIiARn
UL Test No. 14 - D4/A60E

86NK8673/USNC142
6-12-86

Tenper.ature [egrees F

CHAN(NOS. ) 47
TIME
0: 0 73.7 73.5 72.2 22.1
4: 0 74.3 73.0 80.2 73.5
8" 0 75.5 74.9 72.6 72.6

12: 0 77.9 7G.9 72.9 73.0
16: 0 81.9 79.0 73.4 / .1
20: 0 88.2 84.9 74.1 24.0
24: 0 97.1 92.8 75.2 7G."
28: 0 110.7 102.7 77.0 /G.8
32: 0 127.6 11G.8 80.7 79.2
36: 0 147.3 133.2 83.3 84.1
40: 0 168.5 150.8 88.8 86.0
44: 0 190.0 IG9.8 93.5 90.5
48: 0 212.4 188.0 98.3 95.6
52: 0 248.G 217.0 104.G 101.3
56: 0 294.7 255.2 112.7 108.2
GO: 0 328.5 284.9 122.0 115.8

FILE USNCI42

ILL. 8
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H.S. CnAT CGiiAgn
UL Test No. 14 - D4/A60E

86NK8673/USNC142
6-12-86

Temperature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 72.1 72.7 73.9 7-7.0
4: 0 73.5 73.0 74.4 74.5
8: 0 81.5 74.1 75.7 76.1

12: 0 73.1 76.5 78.4 29.1
16: 0 74.5 80.4 82.7 83."
20: 0 75.1 8G.8 88.0 92. 2
24: 0 75.0 96.9 98.2 102.9
28: 0 76.2 111.3 ill.4 118.2
32: 0 78.3 128.7 128.5 135.1
36: 0 80.4 149.3 147.9 152.4
40: 0 82.6 171.3 167.7 168.8
44: 0 85.7 193.9 188.5 189.8
48: 0 89.5 218.8 212.0 211.9
52: 0 93.8 251.6 241.9 235.0
56: 0 99.0 296.2 281.0 263.8
60: 0 104.4 337.0 326.5 295.6

FILE USNC142

ILL. 8A
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If.CnA--T GAIARfl

UL Test No. 14 - D4/A60E
86NK8673/USNC142

6-12-86

Temperature Dee3rees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 74.1 75.2 24.3 23.1
4: 0-24.4 25.5 76.1 ,3.3
8: 0 78.5 78.4 78.0 -3.5

12: 0 84.7 83.1 83.5
16: 0 92.3 90.7 88.9 24.1
20: 0 100.9 97.9 96.1 )4.G
24: 0 110.7 112.3 107.5 25.2
28: 0 122.4 128.7 120.8 75.0
32: 0 135.3 146.0 134.6 77.2
36: 0 147.9 160.5 146.7 28.4
40: 0 160.9 175.2 158.0 80.2
44: 0 178.6 192.5 170.1 82.4
48: 0 202.4 209.3 182.5 85.2
52: 0 223.9 225.0 194.4 89.3
56: 0 248.7 238.6 209.9 94.1
60: 0 276.5 251.8 216.1 97.8

SAMPLE D4/A6OE

UL TEST NO. 14
1 4 0 W

1020

x
r 100

Z Io00"7

4Ii.
ym 600
w

x 40

" 200- --- - ""

2 0. "1',,'',, . .. . . . ; . .

0 10 20 30 40 50 so

Time (In Minutem)

Avg. temp curve

280 F. + Ambient(73 F.) - 323 F.
328 P. + Ambient(73 P.) 398 Or .

408 F. + Amblent(73 F.) - 478 F.
- -. Hot ohannel (04)
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File USNC142 Issued: 8- 5-86

T E S T R E C 0 R D D4/A60U

SAMrT E:

The fire and hose stream tests were conducted on the
assembly identified as D4/A60U and as shown in ILL. 9.

The fire and hose stream tests were conducted on

July 18, 1986 and identified by UL as Test No. 37.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations *

15 The bronze flange on the exposed side fell
into the furnace chamber.

20 The steel plate along with the insulation was
warping.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 10.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 11 through liB. Due to a
malfunction in the Data Logger System, the 0 min and the 4 min
interval readings were not recorded.

ROSE STREAM TEST:

:o water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

• A review of the above photographic documentation shows that smoke, recorded
in the above observations, did not pass through the penetrant.
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D4/A6OU
UIL TEST NO. 37

()STE EL PLATE 36x36x3lr THICK
ASTMAA-53, GRADE A OR B (OR EQUIVALEN7.

0 STEL PAD I0-IT2O.D.x8-ID x314-THICK-2ASTMAA-53, GRADE A OR B.

O BRONZEFL-ANGE, 10-1120.Dx 518" THICK

O518- DIA. STUDS, 4 REQUIRED.

150 LBS BRONZE FLANGEO 3- NOMJN'AL DIA. PIPE. oPRIECOPPE PIPE(~)REGULAR COPPER PIPE, (BLAHNKDSO)06 3 OMINAL Dt4BOHENS

5

6

; .. ..' . . ....

CONTINUOUS

3/4

TEST SAMPLE NG. D-4A
COPPER PIPE WITH
COPPER SPIGOT

IR&DC GRAPHIC 2)

USNC 142
ILL. 9
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SAMPLE D4/A60U

TEST DATE July 18, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 on penetrant, 15 in. above steel plate.

4 On penetrant, 17 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On steel plate insulation at interface "of penetrant
insulation.

7 On steel plate insulation seam at interface of
penetrant insulation.

8 On steel plate insulation, 5 in. from penetrant.

9 On steel plate insulation seam, 5 in. from penetrant.

10 On steel plate insulation, 12 in. from penetrant.

11 On steel plate insulation seam, 12 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 10
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I1.- CnAq t4gn

UL Test No. 37 - D4/A6OU
86118673/USYCI42

7-18-86

Temperature Degrees F

CHAN(HOS.) 1 2 3 4
TIME
8: 0 92.1 91.0 91.0 91.9

12: 0 93.6 92.9 93.3 92.7
16: 0 97.9 94.2 95.4 94.9
20: 0 109.6 97.8 99.9 96.6
24: 0 136.7 104.4 106.8 100.0
28: 0 199.3 115.8 117.0 104.5
32: 0 307.1 136.1
36: 0 407.1 169.41410
40: 0 481.4 198.G 160.4 126.1
44: 0 549.5 236.1 175.3 133.7
48: 0 606.7 273.3 188.9 139.7
52: 0 650.1 310.7 206.0 147.5
56: 0 678.5 343.7 225.0 156.4
60: 0 694.0 367.8 240.6 162.9

FILE USNC142
ILL. 11
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I I In*qr (II II I !

UL Test No. 37 - D4/A60U
861K8673/USNC142

7-18-86

Temperature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
8: 0 95.7 103.1 94.3 93.4
12: 0 102.7 121.7 99.3 97.0
16: 0 110.1 171.1.- 118.6 105.1
20: 0 122.2 277.7 166.9 129.2
24: 0 136.1 457.4 267.3 197.7
28: 0 153.7 662.7 457.9 327.1
32: 0 174.0 819.5 630.8 453.8
36: 0 196.2 891.3 740.6 517.0
40: 0 218.0 949.2 804.6 557.8
44: 0 239.6 1014.1 858.1 598.G
48: 0 259.9 1077.0 904.2 643.4
52: 0 281.1 1125.9 941.5 G88.4
56: 0 300.8 1163.2 969.0 721.6
60: 0 318.4 1189.5 988.1 743.3

FILE USNC142

ILL. 11A
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II rnAc-'i rd Aan
UL Test No. 37 - D4/A6OU

86118673 /USNC142
7-18-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
8: 0 94.1 93.1 95.6 91.9

12: 0 95.5 94.9 105.0 95.2
16: 0 105.0 95.7 155.1 100.2
20: 0 131.3 101.2 286.2 108.5
24: 0 188.6 121.4 442.5 117.7
28: 0 283.7 173.1 538.6 127.3
32: 0 370.2 2G9.3 595.0 138.1
36: 0 419.7 354.7 633.3 150.0
40: 0 458.7 397.8 667.9 161.9
44: 0 495.2 418.7 694.6 173.3
48: 0 529.2 431.8 713.8 183.1
52: 0 559.7 443.1 729.1 194.2
56: 0 585.2 455.4 743.4 209.0
6o: 0 600.1 472.2 753.6 221.4

SAMPLE D4/A6OU
UL TEST NO. 37

1 400

-120-

z 100
w-

600-

a0

20

0 020 30 40 0s

Timeo (in Minute.)

- Avg. temp ourve
250 r. + Amnbient(04 r.) - 334 r.

- -- 325 r. +. Ambient(64 P..) - 406 r.
405 r. + Ambient(64 r.) - 460 r.
Ho Nt *honnel (6
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D5/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D5/A60U and as shown in ILL. 12.

The fire and hose stream tests were conducted on
June 11, 1986 and identified by UL as Test No. 12.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

20 The bronze flange on the exposed side had
fallen off the assembly and dropped inside
the furnace chamber.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 13.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 14 through 14B.
Thermocouple No. 8 was inoperable after the 20 min interval
reading.

Pressure Record - The pressure within the small-scale test
furnace ranged from +0.005 in./H 0 (+1.24 Pa) to +0.01 in./H 20
(+2.5 Pa) throughout the duratioR of the fire endurance test.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D5/A6OU
UL TEST NO. 12

OSTEEL PLA TE, 36"X 36"X 3116" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

OSTEEL PLATE COLLAR I OmDIA. X 3116" THICK
ASTM A-53, GRADE A OR B.

®150 LBS BRONZE FLANGE
3' NOMINAL DIA. PIPE SIZE.

OREGULAR COPPER PIPE
3" NOMINAL DIA.

1 2 3
INSULATION

COPPER PIPE BLANKED
OFF (BOTH ENDS)

LL.1

4 3 l ..... .- .3



SAMPLE D5/A60U

TEST DATE JUNE 11, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On pcnetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, 18 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On steel plate insulation, at interface of penetrant
insulation.

7 On steel plate insulation seam, at interface of
penetrant insulation.

8 On top of penetrant.

9 On steel plate insulation, 3 in. from penetrant
insulation.

10 On steel plate insulation seam, 3 in. from penetrant
insulation.

11 On steel plate insulation, 9 in. from penetrant
insulation.

12 On steel plate insulation seam, 9 in. from penetrant
insulation.

USNC142

ILL. 13
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H.S. CCoaqT GiAgn
UL Test No. 12 - D5/A6OU

86N1C8673 /USNC142
6-11-86

Temnpera~ture lierees F

CHAN(NOS. 1 2 3 4
TIME
0: 0 86.8 8G.0 86.8 8G.?
4: 0 86.8 86.8 86.8 86.8
8: 0 87.3 87.2 87.4 12.2

12: 0 88.3 87.5 82.9 101.8
16: 0 30.1 88.1 88.5 113.0
20: 0 92.2 89.6 89.9 129.3
24: 0 94.7 93.1 90.8 149.9
28: 0 105.9 98.8 93.4 1)2.8
32: 0 130.4 109.7 96.4 19?.?
36: 0 170.0 120.2 100.7 222.2
40: 0 216.8 130.4 103.8 246.0
44: 0 263.6 139.8 102.8 221.5
48: 0 304.5 150.4 111.8 295.3
52: 0 340.0 163.3 115.9 318.8
56: 0 370.4 180.2 120.8 340.6
60: 0 399.1 197.5 126.2 Z60.6

FILE USNC142
ILL. 14
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HJ.S. CnAST " iIAgn

UL Test No. 12 - D5/A60U
86NK8673/USNC142

6-11-86

Temper.ature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 86.7 86.6 87.9 87.1
4: 0 86.3 87.9 88.0 87.5
8: 0 90.5 90.7 92.8 88.7

12: 0 96.0 109.6 102.2 91.4
16: 0 103.9 i06.6 131.4 94.9
20: 0 114.5 141.2 195.1 101.1
24: 0 128.7 222.7 295.9
28: 0 145.1 342.5 405.2

32: 0 163.7 466.0 493.1

36: 0 182.1 560.3 567.6
4O: 0 200.2 629.6 631.9

44: 0 220.0 679.7 689.8

48: 0 238.4 712.2 738.3

52: 0 256.7 739.7 777.7

56: 0 274.9 765.3 815.6

60: 0 290.9 782.3 841.2

FILE USNC142
ILL. 14A
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11-1; CnAr.T C-IiAgf
UL Test No. 12 - D5/A6OU

86NK8673 /USNC142
6-11-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 88.2 88.4 8G.5 87.9
4: 0 89.2 89.9 86.4 90.2
8: 0 90.2 93.6 86.5 94.2

12: 0 95.1 101.8 8G.7 111.8
16: 0 98.9 129.5 8G.9 167.5
20: 0 128.0 196.4 87.1 7.
24: 0 204.8 306.3 95.2366
28: 0 325.2 402.7 87.8 44G.7
32: 0 429.9 451.0 88.3 491.4
3G: 0 488.3 478.9 88.6 525.9
40: 0 518.8 502.3 88.9 548.1
44: 0 540.2 524.9 88.1 570.3
48: 0 559.4 547.4 89.6 591.4
52: 0 576.7 568.7 90.1 612.0
56: 0 592.6 588.1 90.2 G29.5
G0: 0 604.7 603.6 90.8 645.7

SAMPLE D5/A6OU
UL TEST NO. 12

1400 . . . .

I-120

Z 100

x so -.

1*.

so 0
'a

o201

01i02 0 3 i0 4 0 50

TIM* (in dinut..)

- Avg. tomp ourve
250 F. +. Amblent(87 Pr.) -337 F.
325 F. +. Amblent(67 P.) -412 F.
405 7r. +. Amblont(07 F.) -432 1r.

- .Hot .hannel (#7)

Hot ehannel (#12)
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File UENC142 Issued: 8-15-86

T E S T R E C 0 R D D6/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D6/A60U and as shown in ILL. 15.

The fire and hose stream tests were conducted on
July 18, 1986 and identified by UL as Test No. 38.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

15 The bronze flange on the exposed side fell
into the furnace chamber.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 16.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 17 through 17B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D6/A60U
UL TEST NO. 38

O STEEL PLATE, 36"X36"X 3116" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

( STEEL PLATE COLLAR IO" DIA. X3/16" THICK.
ASTM A-53, GRADE A OR B.

O 150 LBS BRONZE FLANGE
3" NOMINAL DIA. PIPE SIZE.

O REGULAR COPPER PIPE
3" NOMINAL DIA.

INSULATION
1 2 3

COPPER PIPE BLANKED
OFF (BOTH ENDS)

4 34

10= DI.,-

--- BRAZING

CONTINUOUS
WELD

15 = 1

Ir 36

TEST SAMPLE NO. D-6A
COPPER PIPE WITH
COPPER SPIGOT

(PA DC GRAPHIC 5)

USNC 142
ILL. 15

C-39



SAMPLE D6/A60U

TEST DATE July 18, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, 18 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On steel plate insulation at interface of penetrant
insulation.

7 On steel plate insulation seam at interface of
penetrant insulation.

8 On steel plate insulation, 8-1/2 in. from penetrant.

9 On steel plate insulation seam, 8-1/2 in. from
penetrant.

10 On steel plate insulation, 14-1/2 in. from penetrant.

11 On steel plate insulation seam, 14-1/2 in. from
penetrant.

12 -On top of penetrant.

USNC142
ILL. 16
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1;, r. nART Cii iAn
UL Test No. 38 - D6/A6OU

86NK8673 /USNC142
7-18-86

Temperature Degrees F

CHAH(NOS.) 1 2 3 4
TIME
0: 0 97.2 97.1 97.1 96.7
4: 0 98.0 97.G 97.5 97.2
8: 0 98.9 98.5 98.6 98.2
12: 0 100.3 99.9 99.9 99.7
16: 0 102.4 102.3 102.1 102.2
20: 0 108.3 106.8 105.7 107.0
24: 0 123.3 115.8 118.1 114.2
28: 0 155.3 131.3 122.6 126.0
32: 0 214.7 151.1 134.4 136.7
36: 0 304.0 175.4 148.9 150.0
40: 0 369.4 203.7 166.3 165.7
44: 0 407.3 233.2 184.2 181.4
48: 0 429.5 260.8 201.8 19G.2
52: 0 446.9 287.4 221.2 211.2
56: 0 456.5 303.7 235.8 222.9
60: 0 465.5 317.7 250.5 237.3

FILE USNC142
ILL. 17
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11. S. Cniawr (GdiAmn
UL Test No. 38 - D6/A6OU

86UK867 3/USNC142
7-18-86

Temperature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 96.3 101.6 97.3 97.7
4: 0 98.8 102.9 99.4 98.6
8: 0 104.3 104.1 102.0 99.8
12: 0 113.3 105.8 107.9 102.7
16: 0 125.4 106.9 129.3 115.7
20: 0 140.2 11G.7 199.9 160.2
2'4: 0 158.1 150.5 350.6 262.5
28: 0 174.8 232.5 563.7 401.2
32: 0 192.1 398.5 669.1 4G8.2
36: 0 210.1 561.3 710.2 491.6
40: 0 229.7 624.0 736.3 507.8
44: 0 247.7 654.7 759.3 520.2
48: 0 265.5 676.1 781.2 532.5
52: 0 282.9 695.1 800.6 544.7
56: 0 296.4 711.3 816.5 554.0
60: 0 312.0 726.7 831.6 565.2

FILE USNC142
ILL. 17A
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q,. r. AT rA dan

UL Test No. 38 - D6/A6OU
86NK8673 /USNC142

7-18-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 98.6 101.9 98.0 97.5
4: 0 100.7 102.6 100.4 98.1
8: 0 105.9 102.1 108.3 101.0
12: 0 115.8 103.9 121.4 10G.3
1s: 0 147.0 105.3 147.2 114.6
20: 0 214.2 109.5 201.5 124.9
24: 0 306.5 124.0 297.2 135.8
28:. 0 384.3 155.7 390.6 146.5
32: 0 428.0 208.5 447.6 156.0
36: 0 453.3 269.7 5012 177.4
40: 0 468.8 320.650.174
44: 0 483.1 356.4 517.8 189.7
52: 0 506.8 398.2 540.6 213.2
5G: 0 515.8 410.1 549.0 223.0
GO: 0 524.1 421.6 557.6 233.1

SAMPLE D6/A6OU
UL TEST NO. 38

1400

I-120

Z 100

w 40 
- - - -

2 0

010 20 30 4 0s

Tim"* (in Minutoo)

Avg. temnp curve
250 F. + Amnblent(9S 7.) w 344 F.

- .325 F. + Amblent(S6 7.) w 423 Pr.

405 7. +4 Amnblent(SS fr.) - 503 F.
- Hot channel (#7)
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D9/AGOU

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D9/A60U and as shown on ILL. 18.

The fire and hose stream tests were conducted on
June 16, 1986 and identified by UL as Test No. 20.

RESULTS

Observations During Fire Test - All observations referenced

to the unexposed surface unless noted.

Test Time, min Observations*

25 No significant changes had occurred.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 19.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 20 through 20B.

HOSE STREA.M TEST:

No water passed though the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D9/A60U
UL TEST NO. 20

O STEEL PLATE 36" X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

O SEAMLESS STEEL PIPE, 3-1/2" NOMINAL
DIA. SCHEDULE 40.

O REGULAR COPPER PIPE, 3" NOMINAL DIA.

O BRASS TERMINAL TUBE "KONDU" TYPE V-312 FP,
WITH PILOT HOLE, DRILLED TO SUIT COPPER PIPE.

OFIRE RESISTANT SEALANT

COPPER PIPE BLANKED
OFF (BOTH ENDS)

WELD

15" 3 15" 21

TEST SAMPLE NO. D-9A
COPPER PIPE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(RAOC GRAPHIC S)

USNC 142
ILL. 18
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SAMPLE D9/A60U

TEST DATE JUNE 16, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 Oni brass terminal tube.

5 On penetrant, at interface of steel pipe and copper
pipe.

6 On penetrant, 24 in. above steel plate.

7 On steel plate insulation, at interface of penetrant
insulation.

8 On top of penetrant.

9 On steel plate insulation, 6 in. from penetrant.

10 On steel plate insulation seam, 6 in. from penetrant.

11 On steel plate insulation, 12 in. from penetrant.

12 On steel plate insulation seam, 12 in. from penetrant.

USNC142
ILL. 19
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i.. CnAT i ian
UL Test No. 20 - D9/A60U

86NK8673/USNC142
6-16-86

Temperature Degrees E

CHAN(NOS.) 1 2 3 4
TIME
0: 0 8G.1 86.4 85.0 84.2
4: 0 86.8 87.4 86.1 86.5
8: 0 88.2 89.4 86.7 111.3

12: 0 90.3 92.6 87.8 154.3
16: 0 91.4 94.7 88.7 178.5
20: 0 94.1 98.0 89.4 196.2

24: 0 102.2 103.2 92.9 212.)
28: 0 124.3 112.9 97.3 231.1
32: 0 163.4 128.7 105.5 254.4
36: 0 210.7 143.2 113.4 280.7
40: 0 252.8 157.1 120.7 307.2
44: 0 287.3 170.6 128.9 331.9
48: 0 313.3 184.0 13G.9 356.9
52: 0 334.8 198.3 145.3 380.G
56: 0 353.1 214.0 154.6 402.9
GO: 0 369.9 228.7 164.5 423.8

FILE USNC142
ILL. 20
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ti..S. CnA"r GIIAn
UL Test No. 20 - D9/A60U

86NK8673/USNC142
6-16-86

Temperature egI3rees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 84.0 84.5 86.1 85.0
4: 0 85.2 87.6 85.8 87.6
8: 0 86.5 103.5 88.3 93.5
12: 0 92.5 133.6 91.9 106.0
16: 0 93.6 161.9 93.8 124.5
20: 0 95.6 188.2 109.1 14".2
24: 0 97.2 213.0 161.8 161.1
28: 0 99.7 234.9 273.4 129.3
32: 0 104.0 255.0 435.2 195.4
36: 0 I06.6 274.9 557.5 210.8
40: 0 114.0 294.8 610.7 225.4
44: 0 115.0 310.3 640.3 237.7
48: 0 116.4 326.8 662.4 250.2
52: 0 122.2 342.7 G80.5 2G2.0
5G: 0 126.9 357.6 696.9 273.6
GO: 0 132.6 371.0 710.2 283.2

FILE USNC142
ILL. 20A
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U.S. Cc)&A-T G"tAgn
UL Test No. 20 - D9/A60U

86NK8673/USNC142
6-16-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 86.5 86.6 86.0 87.5
4: 0 87.6 89.1 87.8 91.8
8: 0 89.5 111.5 91.8 112.9

12: 0 93.3 211.2 96.9 166.8
16: 0 96.4 370.3 109.5 245.0
20: 0 119.7 491.1 153.7 31G.4
24: 0 186.0 533.8 266.6 372.3
28: 0 304.0 520.5 414.8 403.9
32: 0 407.1 521.4 509.0 422.4
36: 0 464.1 534.8 543.0 438.2
40: 0 497.3 552.5 561.7 448.3
44: 0 520.7 571.4 578.2 460.4
48: 0 540.1 590.4 592.1 470.7
52: 0 557.6 610.9 605.4 481.1
56: 0 574.2 630.4 617.2 495.1
G0: 0 586.3 648.2 62G.7 50G.3

SAMPLE D9/A6OU

UL TEST NO. 20
140W

I" 120

x
z 100

x so
Ii.

Ir 40 " -" -e--------- - -

200

1 10 2 0 3 0 4 0 3 0 Go

Time (in Minutes)

Avg. temp curve

250 F. + Amblent(O6 P.) - 330 f.
325 O. + Ambient(U P.) - 411 r .

405 F. + Ambient(* F.) = 491 F.

Hot channel (410)

C-49



File USNC142 Issued: 8-15-86

T E S T R E C O R D D10/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as DIO/A60E and as shown in ILL. 21.

The fire and hose stream tests were conducted on
June 13, 1986 and identified by UL as Test No. 15.

RESULTS

Observations During Fire Test - All observations referenced

to the unexposed surface unless noted.

Test Time, min Observations

60 No significant changes occurred during the
duration of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 22.

The temperatures recorded during the fire test on the

unexposed surfaces are shown on ILLS. 23 through 23B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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DlO/A6OE
UL TEST NO. 15

O STEEL PLATE 36" X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

® SEAMLESS STEEL PIPE, 3-1/2" NOMINAL
DIA. SCHEDULE 40.

O REGULAR COPPER PIPE, 3" NOMINAL DIA.

BRASS TERMINAL TUBE "KONDU" TYPE V-312 FP,
WITH PILOT HOLE, DRILLED TO SUIT COPPER PIPE.

®FIRE RESISTANT SEALANT

55 4 2

CONTINUOUS
I WELD

3 " 15 " 15" 2 1 "/I

, __COPPER PIPE BLANKED
OFF (BOTH ENDS)

TEST SAMPLE NO. D-OA
COPPER PIPE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(PADC GRAPHIC 9)

UISNC 142
ILL. 21
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SAMPLE D10/A60E

TEST DATE JUNE 13, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 1 in. above interface of steel pipe and
copper pipe.

3 On penetrant, 6 in. above steel plate.

4 On penetrant, 12 in. above steel plate.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate, at interface of penetrant.

8 On steel plate over insulation, 1 in. from penetrant.

9 On steel plate over insulation seam, 1 in. from
penetrant.

10 On steel plate over insulation, 6 in. from penetrant.

11 On steel plate over insulation seam, 6 in. from
penetrant.

12 On steel plate over insulation, 12 in. from penetrant.

13 On steel plate over insulation seam, 12 in. from
penetrant.

USNC142
ILL. 22
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1I.S. CnAqT I IAfn
UL Test No. 15 - DIO/A60E

86NK8673/USNC142
6-13-86

Temperat,,re Dee3rees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 73.0 73.7 72.9 72.8
4: 0 74.2 74.1 24.4 )3.0
8: 0 74.8 75.7 74.7 /3.5

12: 0 7G.G 80.9 75.0 24.6
IG: 0 80.3 91.1 28.0 7.5
20: 0 8G.G 104.7 84.2 :31.6
24: 0 95.0 122.2 90.9 88.3
28: 0 107.9 140.1 101.4 97.2
32: 0 123.8 15G.8 114.6 107.5
3G: 0 142.G 174.3 130.2 119.3
40: 0 162.1 189.3 147.1 131.6
44: 0 181.4 204.0 164.8 145.1
48: 0 201.3 218.4 181.0 157.8
52: 0 220.4 233.4 197.1 170.6
56: 0 238.1 24G.8 212.7 182.2
G0: 0 252.5 259.6 225.7 191.9

FILE USNC1I2

ILL. 23
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is. rfAqT niApn
UL Test No. 15 - DIO/A60E

86NK8673/USNC142
6-13-86

Temperature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 72.6 72.4 73.1 72.7
4: 0 73.9 72.6 73.3 72.8
8: 0 75.1 73.3 74.8 223

12: 0 78.6 75.1 77.7 22.3
16: 0 84.9 78.9 84.4 73.6
20: 0 95.9 85.0 95.2 74.3
24: 0 109.5 93.4 112.2 73.0
28: 0 124.5 103.0 133.6 /5.5
32: 0 138.6 112.9 158.2 74.1
36: 0 154.0 124.5 185.0 74.3
40: 0 166.8 133.0 213.5 74.2
44: 0 129.6 142.8 243.3 224.2
48: 0 192.3 152.2 271.5 248.6
52: 0 205.8 162.6 298.0 271.2
56: 0 217.3 171.9 321.5 292.3
60: 0 228.3 179.5 342.0 309.8

FILE USNC142
ILL. 23A
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11.CnAqT ('iAgfl
UL Test No. 15 - DlO/A6OE

86NK8673 /USNC142
6-13-86

Temnperature lle,3rees F

[HAN(N0S.) 9 10 11 12 1
TIME
0: 0 24.2 24.3 24.3 24.4 274.!;
4: 0 -7 -4.L4 24.8 74.8 25.6 /11-.8
8: 0 75.6 77.1 227.2 7.8 78.2

12: 0 28.0 81-:0 81 .6 84.0 83.4
16: 0 83.9 86.7 87.4 86.6 89.)
20: 0 93.2 95.8 96.1 93.4 9.
24: 0 102.6 109.6 110.7 105.8 117.0)
28: 0 122.5 128'.6. 128.9 1'21.6 129.2
32: 0 149.9 147.3 149.2 137.4 145.8
36: 0 173.6 162.2 161.8 151.2 159.1
40: 0 198.9 129.3 129.2 162.5 123.9
44: 0 226.4 196.8 198.1 175.7 186.6
48: 0 252.3 212.9 215.4 188.2 203.1
52: 0 275.9 226.8 230.2 201.2 215.8
56: 0 296.8 239.7 243.2 212.7 ?22.0
60: 0 314.8 251.5 254.0- 223.1 236.5

SAMPLE Dl O/A6OE
UL TEST NO. 15

1400 -

I- 120

z 100

'ac

60

K 40 -------------------------------------

S20 -

0 10 20 30 40 s0 so

Time (In Minutoe)

- Avg. temp curve
-- 250 P. +. Ambient(73 r.) m 323 01.

325 F. * Amblent(73 F.) - 303 F.
405 F. + Ambient(73 Or.) m 476 F.

- Hot chaonnel (#7)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D1O/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
asiembly identified as D1O/A60U and as shown in ILL. 24.

The fire and hose stream tests were conducted on

June 23, 1986 and identified by UL as Test No. 30.

RESULTS

Observations During Fire Test - All observations referenced
to the unexposed surface unless noted.

Test Time, min Observations *

23 The steel plate along with the insulation
bowed downward.

60 No significant changes occurrea during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 25.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 26 through 26B.

HOSE STREAM TEST:

The copper pipe was forced approximately 1 in. forward from
the initial force of the hose stream. No water passed through
the assembly during the hose stream test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded
in the above observations, did not pass through the penetrant.
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Dl0/A60U
UL TEST NO. 30

O STEEL PLATE 36"X36"X 3116" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

@ SEAMLESS STEEL PIPE, 3-1/2" NOMINAL
DIA. SCHEDULE 40.

Q REGULAR COPPER PIPE, 3" NOMINAL DIA.

BRASS TERMINAL TUBE "KONDU" TYPE V-312 FP,
WITH PILOT HOLE, DRILLED TO SUIT COPPER PIPE.

O FIRE RESISTANT SEALANT

CONTINUOUS INSULATION
WELD-

3"-
B15 15" 21'

COPPER PIPE BLANKED
OFF (BOTH ENDS)

TEST SAMPLE NO. D-1OA
COPPER PIPE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(FADC GRAPHIC 8)

USNC 142
ILL. 24
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SAMPLE D1O/A6OU

TEST DATE JUNE 23, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 1 in. above interface of steel and copper
pipe.

3 On penetrant, 6 in. above steel plate.

4 on penetrant, 12 in. above steel plate.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate insulation, 3 in. from penetrant.

8 On steel plate insulation, 1 in. from penetrant
insulation.

9 On steel plate insulation seam, 1 in. from penetrant
insulation.

10 On steel plate insulation, 6 in. from penetrant.

11 On steel plate insulation seam, 6 in. from penetrant.

12 On steel plate insulation, 12 in. from penetrant.

13 On steel plate insulation seam, 12 in. from penetrant.

Note: There is a 3 in. difference in location on Thermocouple
Nos. 7, 8 and 9 due to a decision made by the USCG and
the CCG after testing had started. For Tests D10/A60E
and Dl0/AO, Thermocouples 7, 8 and 9 are symmetrically
located. For DI0/A60U they are 3 in. further from the
penetrant.

USNC142
ILL. 25
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1 -j -; CnAI T I II IA
UL Test No. 30 - D1O/A6OU

86NK8673/USNC142
6-23-86

Temperature Degrees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 86.0 85.0 86.8 36.2
4: 0 88.1 89.7 87.3 86.0
8: 0 89.7 107.9 88.5 V.0

12: 0 91.5 149.9 90.4 89.8
16: 0 93.6 206.6 91.0 9(3.0
20: 0 98.7 250.5 94.1 92.2
24: 0 116.5 296.2 101.4 96.3
28: 0 149.0 33G.7 112.7 102.2
32: 0 191.7 373.6 125.3 109.5
3G: 0 230.2 404.2 134.6 114.4
40: 0 267.1 428.1 146.2 120.2
44: 0 298.1 453.2 157.8 126.1
48: 0 322.5 478.7 170.1 132.0
52: 0 338.9 499.2 182.6 137.1
56: 0 352.6 519.4 195.7 143.0
GO: 0 3G5.G 538.8 211.9 150.2

FILE USNC142

ILL. 26
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Hl.S. CnAqT ( iagn
UL Test No. 30 - D1O/A60U

86NK8673/USNC142
6-23-86

Temper.ature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
O: 0 85.0 84.6 92.5 89.9
4: 0 90.5 84.5 92.8 91.9
8: 0 103.6 84.4 95.6 93.2

12: 0 138.9 85.9 98.4 9G.2
i : 0 189.6 85.0 111.3 134.2
20: 0 229.0 88.3 167.7 243.8
24: 0 270.3 85.5 308.5 395.3
28: 0 308.9 85.8 493.1 479.7
32: 0 343.2 86.9 618.7 521.8
36: 0 372.6 85.9 681.5 553.4
40: 0 393.0 287.1 215.8 575.4
44: 0 415.8 302.8 741.1 590.9
48: 0 440.1 320.6 760.4 603.14
52: 0 460.3 334.8 775.2 G12.9
56: 0 477.1 346.8 787.1 620.6
GO: 0 478.8 356.7 804.3 629.9

FILE USNC142

ILL. 26A
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UL Test No. 30 - D1O/A60U
86NK8673/USNC142

6-23-86

Temperasture Degrees F

CHAN(NOS.) 9 10 11 12 13
TIME
0" 0 89.G 89.6 89.7 88.G '8.4
4" 0 92.2 92.7 90.3 90.3 '2.
8: 0 94.6 94.1 93.0 93.1 101.9

12: 0 97.7 95.6 99.8 99.2 115.4
16: 0 116.0 122.7 149.1 149.1 144.0
20: 0 181.7 221.0 276.3 276.6 196.6
24: 0 326.7 374.2 460.8 435.9 292.1
28: 0 477.7 460.4 577.4 520.6 382.1
32: 0 571.0 501.4 638.6 563.8 438.8
36: 0 637.9 527.7 680.7 592.3 471.9
40: 0 673.5 548.3 714.7 615.0 493.1
44: 0 695.7 565.4 738.4 634.4 510.0
48: 0 708.8 574.3 751.3 647.9 522.4
52: 0 720.3 583.5 759.0 660.9 533.3
56: 0 728.6 591.0 764.6 670.4 541.2
60: 0 738.7 599.8 773.2 680.1 548.5

SAMPLE D 1 O/A6OU
UL TEST NO. 30

1400

I- 120
w

Z 100
w

x a oc

6) 60

ljJn

4- 00-
o

0 ..... . .

0 10 20 30 40 0 so

Time (in Minutes)

Avg. temp curve
250 F. + Amblent(SS F.) - 336 F.
325 F. + Ambient(66 F.) - 413 F.
405 F. + Ambient(88 F.) - 493 F.

Hot channel (#11)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D DIC/AO

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as DIG/A0 and as shown in ILL. 27.

The fire and hose stream tests were conducted on
June 3, 1986 and identified by UL as Test No. 1.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

10 The steel plate was blackish in color.

27 The RTV sealant at the interface of the

copper and steel pipes was puffing outward.

42 The steel plate was glowing red.

49 Smoke issued from the interface of the copper
and steel pipes.

60 Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 28.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 29 through 29B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D 1O/AO
UL TEST NO. 1

O STEEL PLATE 36" X 36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE, 3-1/2" NOMINAL
DIA. CC".' ,EDULE 40.

® REGULAR COPPER PIPE, 3" NOMINAL DIA.

SBRASS TERMINAL TUBE "KONDU" TYPE V-312 FP,
WITH PILOT HOLE, DRILLED TO SUIT COPPER PIPE.

®FIRE RESISTANT SEALANT

,CONTINUOUS
I WELD

354 2 1= 5 3/

15 15"

COPPER PIPE BLANKED
OFF (BOTH ENDS)

TEST SAMPLE NO. D-10A
COPPER PIPE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(R&DC GRAPHIC 7)

USNC 142
ILL. 27
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SAMPLE D1O/AO

TEST DATE JUNE 3, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 1 in. above interface of steel and copper
pipes.

3 On penetrant, 6 in. above steel plate.

4 On penetrant, 12 in. above steel plate.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On interface of steel plate and penetrant.

8 On steel plate, 1 in. from penetrant.

9 On steel plate, 1 in. from penetrant.

10 On steel plate, 6 in. from penetrant.

11 On steel plate, 6 in. from penetrant.

12 On steel plate, 12 in. from penetrant.

USNC142
ILL. 28
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H.S. COA _T GIIAIn
UL Test No. 1 - D1O/AO

86NK8673/USNC142
6-3-86

Temperature Degrees F

CHAN(NOS. 1 2 4
TIME
0" 0 72.2 22.2 72.2 72.2
4: 0 75.7 08.3 79.2 24.d
8: 0 88.3 145.0 98.7 88.5

12: 0 130.9 247.7 146.5 122.8
16: 0 197.4 352.8 206.0 184.2
20: 0 277.17 441.3 263.1 251.0
24: 0 34. 7 508.8 315.9 314.2
28: 0 411.3 562.5 365.4 320.4
32: 0 459.0 610.1 411.3 413.1
11: 0 496.3 645.6 447.6 445.0
40: 0 527.9 675.0 475.7 472.9
44: 0 554.9 697.6 498.5 495.8
48: 0 577.G 714.7 515.8 51G.3
52: 0 595.8 731.9 531.5 531.8
56: 0 613.5 77.3 546.0 549.5
60: 0 627.2 758.2 557.1 562.0

FILE USNC142

ILL. 29
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L.S. CnAs.T CgiAfn
UL Test No. 1 - D1O/AO

86NK8673/USNC142
6-3-86

Temperature Degrees F

CA,4(lS.) 678
C" "i 11(H G 78

TIME
0: 0 72.2 70.5 70.5 71.6
4: 0 76.2 282.2 372.7 30.6
8: 0 87.2 543.G 714.1 229.4

12: 0 113.4 278.7 936.8 957.3
1G: 0 151.0 923.1 1060.2 1078.2
20: 0 196.9 995.3 1116.8 1131.i
24: 0 242.0 1046.2 1159.4 1178.4
28: 0 286.7 1089.4 1197.0 1219.1
32: 0 322.5 1132.7 1239.8 1264.2
36: 0 351.1 1163.9 1268.5 1294.3
40: 0 376.4 1191.9 1299.4 1320.9
44: 0 397.7 1214.7 1321.0 1344.8
48: 0 416.5 1235.2 1342.4 1364.9
52: 0 429.8 1258.2 1369.5 1391./
56: 0 447.1 1276.2 1388.9 1407.3
GO: 0 458.2 1288.9 1400.6 1416.8

FILE USNC142
ILL. 29A
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UL Test No. 1 - D1O/AO
86NK8673 /USNC142

6-3-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 71.7 71.7 71.7 71.8
4: 0 428.6 455.2 352.9 410.0
8: 0 815.1 894.4 674.6 810.9

12: 0 1018.9 1088.4 89G.1 1036G.2
16: 0 1120.2 1175.3 1018.0 113.5
20: 0 1157.1 1204.7 1061.1 1165.9
24: 0 1192.3 1239.9 1098.7 1200.9
28: 0 1227.7 127G.0 1134.8 1240.5
32: 0 1272.4 1311.6 1176.2 1278.0
36: 0 1300.2 1336.9 1202.1 1304.3
40: 0 1330.9 1369.4 1234.9 1333.2
44: 0 1355.8 1393.4 1252.4 1353.3
48: 0 1382.5 1412.0 1280.9 1372.1
52: 0 1413.8 1438.5 1305.8 1396.3
56: 0 1433.5 1450.1 1339.4 1408.4
G0: 0 1444.3 1456.5 1346.2 1-412.G

SAMPLE D 1O/AO
UJL TEST NO. 1

I- 120

z 100 ......

IL.

010 20 30 40 50 s0

TIme (In Minute.)
Avg.temp curve
250 Ir. +. AmbIent(72 Ir.) - 322 r.

- - - -- 325 F. +. Ambent(72 F.) - 307 r.
405 F. + Ambl~nt(72 or.) - 477 P.

- .Hot channel (#1 0)
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File USNC142 Issued: S-15-86

T E S T R E C 0 R D DIl/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D11/A60U and as shown in ILL. 30.

The fire and hose stream tests were conducted on

June 20, 1986 and identified by UL as Test No. 28.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

20 The steel plate along with the insulation was
bowing downward.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 31.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 32 through 32B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded
in the above observations, did not pass through the penetrant.
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Dl 1/A60U
UL TEST NO. 28

O STEEL PLATE 36"X36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE, 3-1/2" NOMINAL
DIA. SCHEDULE 40.

O REGULAR COPPER PIPE, 3" NOMINAL DIA.

2CONTINUOUS 233 2 1WELD

BRAZING

3' 15" 15" 21"

COPPER PIPE BLANKED
OFF (BOTH ENDS)

TEST SAMPLE NO. D- 11A
COPPER PIPE WITH
STEEL SPIGOT

(R&DOC GRAPHC 10)

USNC 142
ILL. 30
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SAMPLE D11/A60U

TEST DATE JUNE 20, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at interface of steel pipe and copper
pipe.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate insulation, at interface of penetrant
insulation.

8 On steel plate insulation, 6 in. from penetrant.

9 On steel plate insulation seam, 6 in. from penetrant.

10 On steel plate insulation, 12 in. from penetrant.

11 On steel plate insulation seam, 12 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 31
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I.S. CnASqT (IIAn
UL Test No. 28 - DIl/A60U

86NK8673/USNC142
6-20-86

Temperature De9rees F

CHAN(NOS.) 1 2 3 4
T IME
0: 0 73.8 73.9 74.3 74.8
4: 0 74.7 74.5 74.2 24.4
8: 0 75.8 75.2 75.3 76.4

12: 0 78.2 76.3 76.1 8.7
16: 0 83.3 77.5 77.5 33.4
20: 0 86.9 79.3 78.6 899.
24: 0 94.6 83.4 82.3 97.7
28: 0 129.2 92.5 88.8 106.9
32: 0 193.1 102.9 95.7 115.)

:6 0 255.1 115.4 102.5 125.1
40: 0 304.4 127.2 109.0 133.3
44: 0 341.3 141.4 115.0 144.4
48: 0 368.7 157.4 121.3 153.4
52: 0 388.8 174.9 128.3 160.5
56: 0 404.0 192.8 136.5 168.9
60: 0 416.4 212.9 143.2 179.1

FILE USNC142
ILL. 32
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H.S. CnA--T (iiiA~zn
UL Test No. 28 - Dll/A60U

86NK8673/USNC142
6-20-86

Tempera=ture Degrees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 72.G 71.G 75.2 2G.5
4: 0 74.3 72.6 76.3 22.2
8: 0 90.8 77.0 79.0 78.8

12: 0 104.0 87.G 90.2 86.8
16: 0 142.5 107.7 95.0 92.9
20: 0 189.3 135.G 148.3 149.1
24: 0 235.0 166.4 277.9 299.3
28: 0 274.4 195.G 434.3 424.4
32: 0 309.6 221.9 549.5 4GG.4
36: 0 343.0 246.8 616.1 487.0
40: 0 376.1 270.4 652.4 503.0
44: 0 407.2 293.7 677.2 517.1
48: 0 436.1 315.3 G9G.0 524.3
52: 0 462.9 334.1 711.7 529.4
5G: 0 485.8 351.0 727.0 532.8
0: 0 506.2 36G.4 739.6 540.4

FILE USNC142
ILL. 32A
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1I-- CnA;T Gi iARn

UL Test No. 28 - DII/A60U
86NK8673/USNC142

6-20-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 78.6 77.5 7G.6 73.5
4: 0 79.4 78.5 77.7 24.1
8: 0 81.8 80.1 81.8 75.5

12: 0 92.7 88.3 92.8 :31.9
16: 0 101.8 92.4 103.0 91.1
20: 0 178.9 128.4 157.8 103.9
24: 0 352.4 228.3 269.6 120.5
28: 0 534.4 316.8 403.8 139.3
32: 0 609.0 363.4 504.4 158.2
36: 0 644.6 391.4 560.8 178.5
40: 0 670.4 410.2 595.7 197.7
44: 0 689.9 427.1 620.0 215.4
48: 0 703.3 440.9 636.3 232.2
52: 0 713.5 450.8 649.5 247.6
56: 0 722.4 463.5 662.1 262.1
GO: 0 730.7 472.6 671.2 274.8

SAMPLE D1 1/A6OU

UL TEST NO. 28
1 400

- 1200-

z 1000--
hi

ar 800-:

W/ 600--...

C,

o 20-

10 20 30 00

;tine (In Minute.)

Avg. tnp curve

250 F'. 4- Amb!.nt,(75 F'.) - 325 F'.

325 F'. +- Amblent(75 F'.) - 400 F'.

405 F'. +- AmbIent(75 F'.) - 460 F'.

- , Hot €channel (p9)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D14/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D14/A60E and as shown in ILL. 33.

The fire and hose stream tests were conducted on

June 5, 1986 and identified by UL as Test No. 3.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

38 The steel plate was bowing slightly downward.

40 The intensity of the smoke increased.

60 The PVC pipe cover on the exposed side was
consumed. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 34.

The temperatures recorded during the fire test on the
unexposed-surfaces are shown on ILLS. 35 through 35B.

HOSE STREAM TEST:

No water passed throug the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that
smoke. recorded in the above observations, did not pass
through the penetrant.
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D1 4/A60E
UL TEST NO. 3

OSTEEL PLATE 36" X 36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

®SEAMLESS STEEL PIPE, 3" NOMINAL
DIA. SCHEDULE 40.

PVC (PLASTIC) PIPE 3" NOMINAL DIA.
SCHEDULE 40, ASTM D-1784/1785.

PVC (PLASTIC) UNION, FEMALE THREAD/SOCKET,
3" NOMINAL PIPE DIAMETER.

®PVC (PLASTIC) CAP, 3" NOMINAL PIPE DIAMETER.

1 CONTINUOUS 2 4

15" - 15" 21"

TEST SAMPLE NO. D- 14A
PVC (PLASTIC) PIPE
WITH STEEL SPIGOT

(R&DC GRAPHIC 13)

USNC 142
ILL. 33
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SAMPLE D14/A60E

TEST DATE JUNE 5, 1986

T.C. Location

1 On the penetrant, 4 in. above steel plate.

2 On penetrant, at interface of steel pipe and union.

3 On the surface of penetrant PVC union - (18 in. above
steel plate).

4 On penetrant, at interface of PVC union and PVC pipe.

5 On penetrant, 12 in. above steel plate.

6 On top of penetrant.

7 On penetrant, 24 in. above steel plate.

8 On steel plate over insulation, 3 in. from penetrant.

9 On steel plate over insulation, 6 in. from penetrant.

10 On steel plate over insulation seam, 6 in. from
penetrant.

11 On steel plate over insulation, 12 in. from penetrant.

12 On steel plate over insulation seam, 12 in. from

penetrant.

USNC142
ILL. 34
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I.S. Cn',_r Gipmn
UL Test No. 3 - D14/A60E

86NK8673/USNC142
6-5-86

Temperature Eegrees F

CHAN 'NOS.' 1 2 3 4
fl ME
0: 0 71.0 71.4 72.3 74
4: 0 72.2 71.6 703 21 :
8: 0 73.3 72.4 20.5 2

1.2 0 75.5 73.2 70.9 '0
1G" G 0 78.9 74.1 71.3 7i .t
20: ', 84.3 75.8 71.7 '1 3
24: 0 93.8 79.1 /2.3
23: 0 102.0 2.J 73.02.2
32: 0 111.1 36.3 73.9
36: 0 119.4 90.6 75.0 J..j
40: 0 128.7 94.2 77.6 5.8
44: 0 136.6 98.9 77.9 77.4
48: C, 144.9 103.3 79.6 9. 2
52: 0 153.4 107.2 81.5 81.2
56: 0 162.5 111.1 83.7 82.4
60: 0 1/3.0 115.3 85.9 85.1

F ILE US:OC12
ILL. 35
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H.S. CnAqT I A~n
UL Test No. 3 - D14/A60E

86NK8673/USNC142
6-5-86

remper:ature De,3rees F

CHi ,(hNS., 5 G 7 a
TIME
O: 0 71. 70.8 70.2 , .
4" 0 70.3 71.8 71.1 72.14
8: 0 71.5 7'0. 10 713 -'L 4.2

.2: 0 72.9 71.0 73.1 78 L
16" 0 74.8 1.7 73.7
20: 0 78.4 11.7 74.5 0.i
24: 0 732- ,2.2 74.2 10A .5
28: 0 87.5 73.2 76.3 I4A,2
32: 0 92.6 73.4 77.6 142.3
36: 0 96.7 74.0 78.0 t.8.
40: 0 102.G 74.7 79.2 174.0
44: 0 107.8 7G.G 80.G 194.0
48: 0 112.4 76.2 84.7 212.0
52: 0 117.3 77.0 88.1 227.5
56: 0 121.1 77.9 91.3 241.6
60: 0 125.8 28.9 94.0 254.0

FILE USNC142

ILL. 35A
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H.S. C(nAqr GiiAnn
UL Test No. 3 - D14/A60E

86NK8673/USNC142
6-5-86

Temperature Degrees E

CHAN(NOS.) 9 .0 1i
TIME
0: 0 71.1 71.0 71.0
4: 0 71.4 72.4 72.7
8: 0 74.1 74.7 74.G 75.6.

12: 0 77.7 78.0 78.2 80.8
IG: 0 82.5 84.9 83.3 8.
20: 0 89.6 94.3 91.5 97.8
24: 0 100.4 108.9 100.5 113.1
28: 0 116.6 126.2 114.7 130.4
32: 0 135.6 143.1 131.1 14G.0
3G: 0 151.8 157.0 147.3 159.8
40: 0 1G4.9 173.7 160.1 177.5
44: 0 182.0 191.1 174.8 194.5
48: 0 198.0 207.9 190.G 211-1
52: 0 212.5 222.0 205.2 22G.8
56: 0 229.8 234.9 218.4 241.3
GO: 0 237.3 246.2 230.14 254.8

SAMPLE D1 4/A6OE
UL TEST NO. 3

1400

t: 120
iJi
x
z 100

60

1" 40 -

S20 -- --- -- ----- ------- ---- -

0 10 20 30 40 s0 so

Tim. (In Minutee)

- Avg. temp curve
250 F. + Amblent(71 F.) - 321 F.
325 r. + Ambtent(71 Pr.) - 306 F.
408 fr. + Amblent(71 P.) - 476 P.
Hot channel (#12)
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File USNC142 issLued: 8-15-86

T E S T R E C 0 R D D14/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D14/A60U and as shown in ILL. 36.

The fire and hose stream tests were conducted on

June 4, 1986 and identified by UL as Test No. 2.

RESULTS

Observations During Fire Test - All observations refer to
the une:cposed surface unless noted.

Test Time, min Observations*

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Note: The PVC pipe on the unexposed side collapsed when the
support wire was removed after the test was terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 37.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 38 through 38B.

HOSE STREAM TEST:

Water passed through an opening that was present due to the
PVC pipe on the exposed side being consumed during the fire
endurance test, and the PVC pipe on the unexposed side collapsing
after the fire endurance test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D14/A60U
UL TEST NO. 2

O STEEL PLATE 36"X 36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALEN7)

SEAMLESS STEEL PIPE, 3" NOMINAL
DIA. SCHEDULE 40.

PVC (PLASTIC) PIPE 3" NOMINAL DIA.
SCHEDULE 40, ASTM D- 1784/1785.

O PVC (PLASTIC) UNION, FEMALE THREAD/SOCKET,
3"NOMINAL PIPE DIAMETER.

® PVC (PLASTIC) CAP, 3" NOMINAL PIPE DIAMETER.

CONTINUOUS 2 4 35

5 3 2 1WELD
INSULATION

99f 151 21" A

TEST SAMPLE NO. D- 14A
PVC (PLASTIC) PIPE
WITH STEEL SPIGOT

(R& DCGRAPHIC 14)

USNC 142
ILL. 36
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SAMPLE D14/A60U

TEST DATE JUNE 4, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, at interface of steel pipe and union.

3 On the surface of penetrant PVC union, (18 in. above
steel plate).

4 On penetrant, at interface of PVC union and PVC pipe.

5 On penetrant, 12 in. above steel plate.

6 On top of penetrant.

7 On penetrant, 24 in. above steel plate.

8 At interface of steel plate insulation and penetrant
insulation.

9 On steel plate insulation, 6 in. from penetrant.

10 On steel plate insulation seam, 6 in. from penetrant.

11 On steel plate insulation, 12 in. from penetrant.

12 On steel plate insulation seam, 12 in. from penetrant.

USNC142
ILL. 37
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u~.CnAqT CGi in
UL Test No. 2 - D14/A60U

86NK8673/USNC142
6-4-86

Temperature Ele3rees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 77.0 75.6 75.9 /J 2
4" 0 78.9 77.3 77.0 2G.G
8: 0 79.5 87.1 77.0 7G.8

12: 0 80.G 93.7 77.4 28.6
16: 0 82.3 104.1 77.9 7 3.
20: 0 85.8 118.1 78.8 79.7
24: 0 88.6 137.2 81.3 Q I.
28: 0 96.5 162.9 83.1 83..
32: 0 121.6 190.8 85.4 86.2
36: 0 170.6 220.5 88.6 89.2
40: 0 228.5 251.8 92.5 93.8
44: 0 280.7 284.9 95.5 96.5
48: 0 329.8 31G.3 99.4 100.7
52: 0 370.3 348.8 103.9 105.3
56: 0 395.0 379.9 108.5 110.0
60: 0 411.0 411.6 113.3 114.9

FILE USNC142

ILL. 38
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II.S. CnAT CiiARfl
UL Test No. 2 - D14/A60U

86NK8673/USNC142
6-4-86

Temperature De3rees F

CHAN(NOS.) 56 7 3

TIME
0: 0 )6.6 76.4 76.4 77.2"

4: 0 /9.0 77-3 79.3 29.5
8: 0 78.3 78.7 81.2 31.5

12: 0 78.9 80.9 82.6 85.u
I6: 0 80.8 83.8 86.0 91.1

20: 0 82.1 88.4 91.8 933.4

24: 0 83.0 92.0 96.5 114.4

28: 0 87.1 97.3 101.9 184.2

32: 0 90.2 101.5 106.3 338.2

36: 0 98.3 106.0 110.4 514.7

40: 0 107.7 111.4 114.1 608.4

44: 0 119.8 117.3 117.9 662.3

48: 0 119.9 123.1 122.5 687.5

52: 0 126.1 128.9 127.1 702.3

56: 0 130.9 134.4 132.1 714.6

60: 0 136.5 139.5 137.0 728.1

FILE USNC142
ILL. 38A
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11.R. C)nAT GiAgn
UL Test No. 2 - D14/A60U

86NK8673/USNC142
6-4-86

Temperature Degrees E

CHAN(NOS.) 9 10 11 12
TIME
0: 0 77.8 77.0 77.8 77.
4: 0 79.G 81.5 79.6 .
8: 0 80.0 87.6 80.0 81.7

12: 0 83.5 96.3 83.5 86.5
16: 0 87.7 117.4 86.4 98.5
20: 0 94.6 194.6 92.3 10.1
24: 0 109.2 276.5 98.9 .
28: 0 150.9 298.6 116.4 218.2
32: 0 247.0 374.5 172.5 2199.8
36: 0 359.4 444.8 283.3 -80.14
40: 0 414.2 479.5 367.5 422.2
44: 0 433.5 497.8 413.6 444.9
48: 0 441.6 512.3 437.7 461.3
52: 0 452.8 526.1 452.3 466.3
56: 0 461.3 540.3 461.6 480.6
60: 0 471.1 555.6 469.6 490.5

SAMPLE D1 4/A6OU

UL TEST NO. 2
1400,

120
w

Z 100"

201

lI

20 30 40

Time (In Minutes)

__ Avg. temp ourve

250 r. + Amblent(77 F.) - 327 F.

325 F. + Ambient(77 Ir.) - 402 F.

408 r
. + Amblent(77 11.) - 462 r.

- -_. Hot channel (96)
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File USNC142 :ssued: 8-15-86

T E S T R E C O R D D14/AO

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D14/AO and as shown in ILL. 39.

The fire and hose stream tests were conducted on
June 6, 1986 and identified by UL as Test No. 5.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

0.5 Heavy black smoke issued from the assembly.

1.5 The heavy black smoke had decreased in
intensity.

6 Light smoke issued from the periphery of the
assembly.

25 The steel plate bowed upward and turned
blackish in color.

28 Smoke intensity around the periphery of the
assembly had increased.

30 The PVC pipe at the interface of the steel
pipe was charring and melting along with the
PVC union ring.

40 The PVC pipe was falling off the steel pipe.

57 The PVC pipe at the PVC union was heavily
charred.

60 Test terminated.

Note: After the test was terminated, the wire supporting the
PVC pipe was removed and the PVC pipe collapsed.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 40.

A review of the above photographic documentation shows that
smoke. recorded in the above observations, did not pass
through the penetrant.
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File USNCI42 Issued: 8-15-86

The temperatures recorded during the fire test on the
unexposel surfaces are shown on ILLS. 41 through 41B.

HOSE STREAM TEST:

Water passed through an opening that was present due to the
PVC pipe on the exposed side being consumed during the fire
endurance test, and the PVC pipe on the unexposed side collapsing
after the fire endurance test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D 14/AO
UL TEST NO. 5

O STEEL PLATE 36"X36"X 3/16" THICK

ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE, 3" NOMINAL
DIA. SCHEDULE 40.

PVC (PLASTIC) PIPE 3" NOMINAL DIA.
SCHEDULE 40, ASTM D- 1784/1785.

PVC (PLASTIC) UNION, FEMALE THREAD/SOCKET,
3" NOMINAL PIPE DIAMETER.

® PVC (PLASTIC) CAP, 3" NOMINAL PIPE DIAMETER.

5 3 4 2 1 CONTINUOUS 2 4 35

9" 9" 15l 21"

TEST SAMPLE NO. D- 14A
PVC (PLASTIC) PIPE
WITH STEEL SPIGOT

(RADC GRAPHIC 12)

USNC 142
ILL. 39
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SAMPLE D14/A0

TEST DATE JUNE 6, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, at interface of steel pipe and union.

3 On the surface of penetrant PVC union - (18 in. above
steel plate).

4 On penetrant, at the interface of PVC union and PVC
pipe.

5 On penetrant, 12 in. above steel plate.

6 On top of penetrant.

7 on penetrant, 24 in. above steel plate.

8 On steel plate, 3 in. from penetrant.

9 On steel plate, 6 in. from penetrant.

10 On steel plate, 6 in. from penetrant.

11 On steel plate, 12 in. from penetrant.

12 On steel plate, 12 in. from penetrant.

USNC142
ILL. 40
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H. C. fA4T flIIARn
UL Test No. 5 - D14/AO

86NK8673/USNC142
6-6-86

Temperat,re Degrees F

CHAN(NOS.) 2 3 4
TIME
0: 0 71.5 70.4 69.4 69.3
4: 0 112.7 77.1 73.9 70.2
8: 0 238.1 106.2 93.2 74.3

12: 0 39G.3 151.5 123.0 33.1
16: 0 518.6 202.1 149.7 942
20: 0 597.8 247.9 172.8 102.2
24: 0 647.0 291.5 189.2 118.8
28: 0 682.7 327.3 205.8 129.9
32: 0 710.3 362.0 222.0 140.5
36: 0 728.1 382.0 238.1 150.1
40: 0 744.9 393.1 253.6 159.7
44: 0 755.2 401.1 263.9 169.7
48: 0 763.9 417.4 274.5 129.8
52: 0 773.9 437.4 283.1 189.7
56: 0 782.3 467.1 289.9 200.0
GO: 0 789.7 483.6 294.3 208.1

FILE USNC142
ILL. 41
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11. S, Cn T f"i min
UL Test No. 5 - D14/AO

86NK8673 /USNC142
6-6-86

Temperature Elegrees F

CHAN(NOS.) 5 6
T IME
0: 0 69.5 69.6 0.4 23.2
4: 0 82.9 20.0 22. 429.4
8: 0 120.4 25.5 85.7 945.4

12: 0 180.6 83.0 105.6 1051.6
16: 0 249.1 95.0 125.6 1108.6
20" 0 310.4 108.6 141.5 i112.0
24: 0 359.9 120.7 155.2 1205.3
28: 0 398.8 131.1 168.8 12427
32: 0 431.1 140.4 180.7 1282.2
36: 0 457.2 148.3 191.9 1313.5
40: 0 479.0 153.5 203.9 1337.2
44: 0 495.0 157.1 214.7 1351.8
48: 0 509.3 160.8 224.4 1369.6
52: 0 524.3 166.8 233.9 1389.4
56: 0 539.3 172.6 242.6 1396.1
60: 0 549.2 122.5 248.6 1402.0

FILE USNC142

ILL. 41A
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UL Test No. 5 - D14/AO
86NK8673/USNC142

6-6-86

Temperature De3rees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 72.2 73.5 72.8 73.5
4" 0 433.1 419.2 359.5 381.2
8: 0 943.8 934.6 827.2 J.,

12: 0 1096.9 1039.9 1049.4 996.7
iG: 0 1165.2 1092.8 1137.7 1071.14
20: 0 1178.3 1139.1 1150.5 1116.1
24: 0 1191.0 1179.1 1160.1 1163.2
28: 0 1210.9 1212.4 1173.1 1203.7
32: 0 1227.4 1239.1 1184.9 1252.1
36: 0 1224.3 126G.7 1201.1 1291.G
40: 0 1238.5 1287.0 1222.1 1321.1
44: 0 1252.6 1310.0 1235.3 1344.3
48: 0 1255.4 1329.3 1244.4 1370.3
52: 0 1263.8 1356.4 1259.3 1399.7
56: 0 1264.1 1365.7 1261.8 1407.9
60: 0 1269.1 1381.9 1266.0 141G.2

SAMPLE D1 4/AO
UL TEST NO. 5

1400

- 120 - - .--

x
z 100
IJJ /
w

x, 400"- - - - - - - - - - - - - - - - -

20

10 20 30 40 50 60

Time (In Minutee)

Avg. temp ourve
250 F. 4 Ambient(71 F.) - 321 F.
325 OP. + Ambient(71 F.) - 396 F.
405 F. + Ambient(71 F.) - 476 F.

- -. Hot channel (#9)
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File USNC142 Issued: 8-15-C6

E S T R E C 0 R D D15/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D15/A60U and as shown in ILL. 42.

The fire and hose stream tests were conducted on
June 17, 1986 and identified by UL as Test No. 21.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

15 The steel deck along with the insulation was
bowing downward.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 43.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 44 through 44B. The 36 min
and 40 min temperature readings were not recorded during the fire
test due to a malfunction of the Data Logger.

HOSE STREAM TEST:

The PVC pipe partially collapsed during the hose stream
test, yet no water passed through the assembly because of the
sealant used at the interface of the PVC pipe and steel pipe.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded
in the above observations, did not pass through the penetrant.
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D1 5/A60U
UL TEST NO. 21

O STEEL PLATE 36" X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

® SEAMLESS STEEL PIPE, 4" NOMINAL
DIA. SCHEDULE 40.

Q PVC (PLASTIC) PIPE 3" NOMINAL DIA.
SCHEDULE 40, ASTM D-1784/1785.

® PVC (PLASTIC) CAP, 3" NOMINAL PIPE DIAMETER.

®FIRE RESISTANT SEALANT

CONTINUOUS 2 5 3-1 WELD

INSULATION

--- "15"121"

4-1/2"[ 13-1/2" 1"21"

TEST SAMPLE NO. D-15A
PVC (PLASTIC) PIPE
WITH STEEL SPIGOT

(R&DC GRAMPIC 15)

USNC 142
ILL. 42

C-94



SAMPLE D15/A6OU

TEST DATE JUNE 17, 1986

T.C. Location

1 On top of penetrant.

2 On penetrant, 4 in. above steel plate.

3 On penetrant, 6 in. above steel plate.

4 On penetrant, 12 in. above steel plate.

5 On penetrant, 16 in. above steel plate.

6 At interface of penetrant insulation and steel plate
insulation.

7 On penetrant, 24 in. above steel plate.

8 On steel plate insulation, 12 in. from penetrant.

9 On steel plate insulation seam, 12 in. from penetrant.

10 On steel plate insulation, 6 in. from penetrant.

11 On steel plate insulation seam, 6 in. from penetrant.

12 At interface of steel pipe and PVC pipe, 15 in. above
steel plate.

USNC142
ILL. 43
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H.S. mOASqT (iiIARf
UL Test No. 21 - D5/A60U

86NK8673/USNC142
6-17-86

Temper iture Degrees F

CHAN(NOS.) 1 2
TIME
0: 0 68.3 69.2 69.8 63. ,3
4: 0 69.2 69.8 G8.9 (Di-
8: 0 72.1 70.0 69.6 .I-.

12 71.8 77.0 70.3 1'.6
16:0 71.7 89.3 71.7
20: 0 72.8 91.8 73.2 2L.O
24: 0 73.8 140.2 78.9 28;
28: 0 74.8 233.2 89.2 63.2
32: 0 /J.0 340.5 100.6 H.
L4 0 81.3 468.2 134.7 102.4
48: 0 83.3 477.9 149.1 106.
52: 0 84.0 483.9 IG1 .3 110.8
56: 0 86.7 492.9 174.1 115.5
GO: 0 88.4 502.0 187.7 ii'.4

FILE USNC142
ILL. 44

C-96



ULTestN. AT i1A 0

UL Te8t No. 21 - D15/A6U
86NK8673 /USNC142

6-17-86

'emperature DIe9r ees F

C HfN "NOS..)
T I MI
'0 G8.3 62.( 67.5 :. -] .
4 0 11.9 69.4 20.2
13 74.9 -3.0 73.2 .

12 n 27.Li 82.9 73.0
1G 0 79.8 92.1 745 ; 3
20: G 4.9 108.0 72.2 '1 .'
74 (. W; 1 178.1 78.6 1-O
28: 0 91.0 302.0 82.3 19.
Z2" 0 94.3 401.5 84.1 1L.
44: 0 108.0 508.3 91.8 i 10).
48 "' 113.8 520.9 93.6 ;4 8C-~ 7 !7

52: 0 119.1 531.7 9G.4 '48 3
12. 1 54G.-3 99.0 4 ,

GO: 0 129.5 156. 101.1 14G/.

FILE IJN1Lt42

ILL. 141A
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ll--CnA-qT C-iiiag
UL Test No. 21 - D15/A60U

86NK8673/USNC142
6-17-86

Temper-3ture De3rees F

CHAN (N0S.) 10 i i2TIME
0: 0 69.1 68.5 63.8 w1J.
4: 0 73.9 70.4 70.0
8: 0 98.5 74.7 80.7 74.4

12: 0 164.1 85.7 99.j5 6.0
16: 0 262.9 91.7 126.3 81. .
20: 0 373.2 1 3.3 176. 8.7.
24: 0 471.6 233.4 262.0 94.O
28: 0 525.4 343.G 367.8 I 0,
32: 0 551.6 402.5 436.8 111.4
44: 0 608.5 457.4 523.0 152
48: 0 619.7 466.I 538.8 1 81.1
52: 0 630.1 472.5 551.0 I2..8
56: 0 641.8 483.6 563.8 185.2
60: 0 652.0 494.8 576.5 0.0

SAMPLE D 15/A60U

UL TEST NO. 21

1400

120

I

Z 100

Goo- - . ..

w -- -- ' - - - - -

_ ....._ -- '-- ...- -

" 20- //

0 10 20 30 40 50 so

Time (In Mlnute.)

Avg. temp curve
250 F. + AmbJont(se F.) - 319 F.
325 F. + Ambient(eO F.) - 304 F.
405 F. + Ambient(Oe F.) - 474 F.

- -. Hot channel (0S)
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File USNC1412 issued: 6-1-86

T E S T R E C O R D D16/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D16/A60U and as shown in ILL. 45.

The fire and hose stream tests were conducted on
June 9, 1986 and identified by UL as Test No. 8.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

2 The exposed side of the PVC pipe was heavily
charred.

10 The PVC pipe on the exposed side was
consumed.

26 UL's technical staff tied the PVC pipe for
support because the PVC pipe had started to
lean.

38 An opening developed at the interface of the
steel plate insulation and the penetrant
insulation due to downward bowing of the
steel plate.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 46.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 47 through 47B.

A review of the above photographic documentation shows that
smoke. recorded in the above observations, did not pass
through the penetrant.
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File USNC142 Issued: 8-15-86

HOSE STREAM TEST:

Water passed through an opening that was present due to the
PVC pipe on the exposed side being consumed during the fire
endurance test, and the PVC pipe along with its insulation on the
unexposed side collapsing during the initial impact of the hose
stream.

Pictorial History - Photographs were taken before, during and after

the fire test.
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D16/A60U
UL TEST NO. 8

O STEEL PLATE 36"X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

® SEAMLESS STEEL PIPE, 4" NOMINAL
DIA. SCHEDULE 40.

@ PVC (PLASTIC) PIPE 3" NOMINAL DIA.
SCHEDULE 40, ASTM D-1784/1785.

®PVC (PLASTIC) CAP, 3" NOMINAL PIPE DIAMETER.

®FIRE RESISTANT SEALANT

CONTINUOUS
WELD

45 2 1 3 4)

-3".,
1' L "  '-15"

15" 3" 33"

TEST SAMPLE NO. D- 16A
PVC (PLASTIC) PIPE
WITH STEEL SPIGOT

(R&DC GRAPHIC 16)

USNC 142
ILL. 45
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SA:PLE D16/A60U

TEST DATE JUNE 9, 1986

T.C. Location

1 On interface of penetrant insulation and steel plate
insulation.

2 On top of penetrant.

3 On penetrant, 4 in. above steel plate.

4 On penetrant, 6 in. above steel plate.

5 On penetrant, 12 in. above steel plate.

6 On PVC pipe, 18 in. above steel plate.

7 On PVC pipe, 24 in. above steel plate.

8 On steel plate insulation, 12 in. from penetrant.

9 On steel plate insulation seam, 12 in. from penetrant.

10 On steel plate insulation, 4 in. from penetrant.

11 On steel plate insulation seam, 4 in. from penetrant.

USNC142
ILL. 46
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H.S. CnAqT GiiiRfn
UL Test No. 8 - D16/A60U

86NX8673/USNC142
6-9-86

Temperature De3rees: V

CHAN(NOS,) 1 3 4TIMEO: 0 26.6 75.5 74.1 73. 3
0 78. 3 76.0 53 24.4

8: 0 82.2 /9.4 78.0 75.J
12: 0 93.1 79.2 81.5 26.8
16" 0 103.2 78.0 89.9 80.
20: 0 145. 78.0 96.8 82.6
24: 0 244.8 78.1 113.5 37.8
28: 0 382.4 78.3 155.1 5.
32: 0 526.3 80.1 239.3 106.9
36" 0 567.4 81.1 302.9 119.9
40: 0 581.2 81.7 338.1 lCo.
44: 0 595.9 82.8 362.2 152.8
48: 0 617.2 84.3 384.3 168.0
52: 0 644.6 85.3 403.6 180.5
56: 0 676.6 86.8 427.8 192.8
60: 0 710.4 86.6 456.1 205.2

FILE USNC142

ILL. 47
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I I.C. C&ncT CIIAmn
UL Test No. 8 - D16/A60U

86NK8673/USNC142
6-9-86

Temper 3ture De3.rees F

[flANNS.> 5 2
TIME
0: 0 24.9 2. 75.2 J.;
4: 0 24.2 78.0 28.2
8" 0 25.2 81.6 80.0 79.6

12: 0 2G.3 83.6 81.5 84-.
16: 0 7.G 2.3 82.6 92.1
20: 0 29.1 90.9 83.0 I .
24: 0 84.5 92.7 84.9 122.6
28: 0 86.4 94.4 82.4 2'.0
32: 0 92.3 95.5 89.7 53. 4
3G: 0 97.8 96.6 93.1 396.4
40: 0 102.3 97.6 93.4 417.3
44: 0 111.2 98.9 93.5 4 7 .9
48: 0 111.0 99.8 94.6 442.-
52: 0 114.5 100.6 95.5 459.4
56: 0 118.5 102.5 98.0 471.5
60: 0 123.9 104.0 99.8 482.2

FILE USNC142

ILL. 47A
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H.S. (nA--T FdiIAgfl
UL Test No. 8 - D16/A60U

86NK8673/USNC142
6-9-86

Temper.ture Ee3rees F

CHAN(NOS.) 10 11
TIME

0: 0 7G.8 77.3 77.2
4: 0 78.1 78.4 28.6
8: 0 80.0 80.5 82.0

12: 0 82.4 88.8 92.3
16: 0 93.4 100.5 100.5
N0: 0 11G.9 151.6 144.5
24: 0 1?1.4 258.8 2337..5
28: 0 254. 396.7 345.2
32: 0 333.G 427.8 43G.4
36: 0 384.6 508.9 424.6
40: 0 414.5 525.2 494.9
44: 0 435.1 543.5 515.2
48: 0 449.2 566.3 541.4
52: 0 462.4 594.7 525.2
56: 0 469.6 G23.3 G15.1
G0: 0 481.0 648.2 654.4

SAMPLE D1 6/A6OU
UL TEST NO. 8

1400 . . . r

- 120
w
x
Z 100
w

400

a 200"_ _ _

010 20 30 4 Oe

lime (In Minutes)

Avg. temp ourve
250 P. 4. Ambient(78 F.) i 325 7.

-..... 325 P. 4. Ambient(75 P.) i 400 P.
405 Ir . 4 Ambient(75 It.) - 460 P.
N_ _ ot channel {111)

C--05
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File t.SNC142 Issued: 8-15-86

T E S T R E C 0 R D Dl7/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D17/A60E and as shown in ILL. 48.

The fire and hose stream tests were conducted on
June 6, 1986 and identified by UL as Test No. 6.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

42 No significant changes had occurred.

43 Steam issued from the top of the penetrant.

60 No other significant changes occurred during
the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 49.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 50 through 50B.

Pressure Record - The pressure within the small-scale test
furnace throughout the fire test was +0.01 in./H 20 (+2.5 Pa).

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that
smoke, recorded in the above observations, did not pass
throuqh the penetrant.
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D1 7/A60E
UL TEST NO. 6

O STEEL PLATE 36"X36 X 3/16' THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)® SEAMLESS STEEL PIPE 12" NOMINAL DIA.,
SCHEDULE 20, WALL THICKNESS, 0.250'O 1-1/2"Xl-1/2'X1/8"ANGLE BAR STEEL,

ASTM A-53, GRADE A OR B (OR EQUIVALENT)

O 3/8"DIA STEEL BOLTS, NUTS, AND WASHERS
(8 REQUIRED A TEACH JOINT)

O 12'NOMINAL DIA STEEL CIRCULAR VENT DUCT
(SPIRO METAL 24G, OR EQUIVALENT) SPIRAL-WOUND TYPE

O STEEL EXTERIOR CAP, 24G

( STEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP)

END CAPS TO BE A TIGHT FIT

"--3 CONT|NUOUS

3" 15" 3" \ - INSULATION

12" 6" 30" 6"

18" 36"

TEST SAMPLE D-17A
VENT DUCT WITH
STEEL SPIGOT (CIRC)

(RaDC aPc 18)

USNC 142
ILL. 48
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SAMPLE D17/A6OE

TEST DATE JUNE 6, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at overlap of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate over insulation, 3 in. from penetrant.

8 On steel plate over insulation, 4 in. from penetrant.

9 On steel plate over insulation seam, 4 in. from
penetrant.

10 On steel plate over insulation, 8 in. from penetrant.

11 On steel plate over insulation seam, 8 in. from
penetrant.

12 On top of penetrant.

USNC142
ILL. 49
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1.A. Cn)(-T GIJARn
UL Test No. 6 - D17/A60E

86NK8673/USNC142
6-6-86

Temper'ature Elegrees F?

CHANNOS 2 4
TIME

0: 0 71.1 71.2 71.3 7 .
42 0 )9.9 /8.9 1G.0 
8: 0 100.3 968 89.5 1' .u

12: 0 133.3 125.2 109.8 104.J

16: 0 168.6 15b.8 132.9 IL.1
20: 0 204.'3 189.b 157.8 I3 .8
24: 0 239.4 221.8 182.4 ia.'
28: 0 272.2 252.4 206.6 IG? .1
32: 0 304.3 282.3 230.6 i/75.
3G: 0 335. 8 312.1 255.3 130.0
40: 0 366.3 340.5 280.4 205.8
44: 0 393.8 366.3 301.2 218.3
48: 0 420.5 391.4 323.9 231.7
52: 0 447.1 415.4 344.1 242.4
56: 0 471.3 437.9 360.5 251.0
60: 0 492.7 457.3 375.8 259.4

FILE USNC142

ILL. 50
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U.S. Cn T AIAnRn
UL Test No. 6 - DOT/A60E

86NK8673/USNC142
6-6-86

Tempera ture Degrees F

JHAN(NOS.) G 7 8

TIME
0: 0 70.2 70.2 70.4 .21
4: 0 74.8 74.1 72.0 A.2
8: 0 85.5 83.3 78.3 76.j

12: 0 101.9 9G.9 92.9 85.0

1G: 0 120.6 112.4 110.1 98.4
20: 0 140.5 133.4 131.5 115.6
24: 0 161.0 145.9 155.9 i36.2
28: 0 180.9 163.1 183.5 39.3
32: 0 201.2 180.4 212.2 184.5
36: 0 221.8 198.3 230.3 220. 6

40: 0 243.3 217.1 257.0 24.J
44: ' 261.4 232.9 294.3 2b1.•
48: 0 281.6 250.0 320.1 20.8
52: 0 299.6 265.3 331.4 313.5
56: 0 312.6 27G.3 348.5 -32A
60: 0 325.3 287.1 367 .?.'

FILE USNC142
ILL. 50A

C-110



I Te .6 nA--r IA 6E
UL Tet No. 6 - D17/A6E

86NK8673 /USNC142
6-6-86

Temperature Degrees F

CHN(NO5.) 9 10 11
IIrE
o: 0 71.5 /1.7 21.3 1
4: ') 71.G 22.5 71.0 )G.3

73 0 27.2 74.6 74.5 1 0. ;

1. : 0 87.4 78.9 30.3 t O.,

16: 0 100.8 85. 37.3 136.1)

20: 0 118.4 95.2 98.2 1-11.3

24: 0 139.0 110.5 l4.2 d b

28 0 1GO.6 128.2 133.3 276

32: 0 184.7 14G.0 152.3 267.

36: 0 210.4 162.9 170.0 28.
40: 0 235.4 181.6 186.8 305.6
44: 0 259.6 200.2 207.4 316.0

48: 0 283.2 218.9 222.2 334.2
52: 0 304.8 23G.5 245.3 35.1

56: 0 324.4 252.9 268.2 360.3
GO: 0 341.9 262.4 225.8 369.9

SAMPLE D1 7/A6OE

UL TEST NO. 6
1 400 ,,,, . t

t- 120

Z 100
w

LA.

20"

10 20 30

Time (In Minutes)

Avg. temp ourve
250 F. + Amblent(71 F.) - 321 I.

325 F'. + Ambient(71 F.) - 396 F.

405 F. + Ambient(71 F.) , 476 F.

Hot ovonnel (#I)

c-1ll



File USNC142 Issued: 8-15-86

T E S T R E C O R D D17/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D17/A60U and as shown in ILL. 51.

The fire and hose stream tests were conducted on
June 14, 1986 and identified by UL as Test No. 17.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

22 Steel spigot became blackish in color.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 52.

The temperatures recorded during the fire test on- the

unexposed surfaces are shown on ILLS. 53 through 53B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

C-i12



D17/A60U
UL TEST NO. 17

O STEEL PLATE 36X36"X 3/16' THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE 12 NOMINAL DIA.,
SCHEDULE 20, WALL THICKNESS, 0.250"® 1-1/2'Xl-1/2"X1/8 ANGLE BAR STEEL,
ASTM A-53, GRADE A ORB (OR EQUIVALENT)

® 3/8" DIA STEEL BOLTS, NUTS, AND WASHERS
(8 REQUIRED AT EACH JOINT)

® 12' NOMINAL DIA STEEL CIRCULAR VENT DUCT
(SPIRO METAL 24G, OR EQUIVALENT) SPIRAL-WOUND TYPE

® STEEL EXTERIOR CAP, 24G

SSTEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP)

END CAPS TO BE A TIGHT FIT

18" 36"

TEST SAMPLE D- 1 7A
VENT DUCT WITH
STEEL SPIGOT CIRC

. ONTINUOUS I

USNC 142
ILL. 51

C-113



SAMPLE D17/A60U

TEST DATE JUNE 14, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at overlap of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On interface of steel plate insulation and penetrant
insulation.

8 On steel plate insulation, 4 in. from penetrant.

9 On steel plate insulation seam, 4 in. from penetrant.

10 On steel plate insulation, 8 in. from penetrant.

11 On steel plate insulation seam, 8 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 52

C-114



H.S. CnAT ('iIARn
UL Test No. 17 - D17/A60U

86NK8673/USNC142
6-14-86

Temperature Degrees E

CHAN(NOS.) 1 2
TIME
0: 0 20.0 70.7 69.7 69.5
4: 0 21.4 70.9 71.2 86.-
8" 0 72.6 71.6 71.4 130.2

12: 0 74.2 72.3 72.0 170.7
16: 0 7/.2 2", 3. G /2.9 204.2
20: 0 82.1 75.0 74.4 234.2
24: 0 87.6 80.1 76.6 260.6
28: 0 94.0 86.3 79.9 87 ,
32: 0 114.9 98.1 86.7 317.3
36: 0 150.7 117.5 94.0 39.9
40: 0 198.1 1142.5 103.9 360.
L44: 0 261.1 175.6 115.3 372.
48: 0 332.5 222.8 130.2 389.5
52: 0 388.1 283.0 148.4 1404.7
56: 0 423.8 340.1 173.3 417.1
GO: 0 445.7 381.4 194.4 '28.9

FILE USNCI42

ILL. 53

C-115



[I-. CnA T (IARn

UL Test No. 17 - D17/A60U
86NK8673/USNC142

6-14-86

Temperature Degrees F

CHAN(NOS.) 5 6 7 8
TIME
0: 0 70.5 70.1 70.5 71.8
4: 0 80.0 29.4 71.4 ;3.8
8: 0 115.0 108.4 73.0 80.A

12: 0 162.2 146.6 77.2 92.3
16: 0 215.9 187.4 86.6 105.0
20: 0 274.2 229.5 95.0 Lz'.s
24: 0 329.9 270.8 101.0 173.3
28: 0 382.1 308.6 138.2 2J1.8
32: 0 432.2 342.7 218.1 351./
36: 0 479.5 377.4 343.0 431.8
40: 0 524.4 407.0 453.6 467.0
44: 0 564.3 434.2 524.3 481.6
48: 0 596.3 458.4 579.4 498.6
52: 0 624.4 478.0 615.9 516.5
56: 0 647.4 495.7 637.6 534.3
GO: 0 668.0 511.5 655.1 549.9

FILE USNCi42
ILL. 53A

C-116



I..CnAS-T Gim~zn
UL Test No. 17 - D17/A6OU

86NK8673/USNC142
6-14-86

Temnpera~ture tle,3rees F

C HAN(NOS. 9 10 11 1
TIME 

r7 10: 0 21.8 71.4 270.9 0'
4:074.4 72.1 71.7 LWI.57

8: 0 80.G 73.3 23.8 '
12: 0 91.1 78.5. 82.0 1
1.6: 0 103.7 88.5 9,2.6 4j L2
20: 0 1'21.3 93.4 94.3
24: 0 158.5 105.4 118.7 401,.0
28: 0 225.8 148.4 175.0 421
3 2: 0 3 2 4 .3 22 2 .4 261.3 442. 1
36: 0 418.0 306.634.422
40: 0 490.3 367.7 396.6 486.1
44: 0 545.2 402.4 427.2 496.4
48: 0 522.2 423.5 447.7 504.Z:
52: 0 587.9 439.8 462.1 519.2
56: 0 602.1 455.2 468.552.
60: 0 612.0 470.347654.

SAMPLE D 17/A 60 U
UL TEST NO. 17

140.

120

z 100

x so

20

0 020 30 4.0 0s

lime (In Minutes)

250 F. + Amnbl~nt(71 F.) - 321 fr.
- .325 fr. + Amnblent(71 F.) - 300 F.

405 fr. + Amblent(71 Pr.) - 476 fr.
Ho- Mt channel (415)

c-117



File USNC142 Issued: 8-13-86

T E S T R E C 0 R D D17/A0

SAYPLE:

The fire and hose stream tests were conducted on the
assembly identified as D17/AO and as shown in ILL. 54.

The fire and hose stream tests were conducted on
June 9, 1986 and identified by UL as Test No. 7.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

5 The steel plate became blackish in color.

19 The steel spigot became blackish in color.

20 The gasket material at the top of the duct
assembly liquefied.

25 The gasket material was bubbling and dripping
downward. The steel plate was bowing
downward.

35 A flash of flame occurred around the
periphery. This was due to ignition of loose
fibers from the furnace insulatiox.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 55.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 56 through 56B.
Thermocouple No. 8 malfunctioned at the 60 min temperature
reading.

A review of the above photographic documentation shows that

smoke. recorded in the above observations, did not pass

through the penetrant.
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File USNC142 Issued: 8-15-86

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after

the fire test.
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D17/AO
UL TEST NO. 7

O STEEL PLATE 36"X36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

® SEAMLESS STEEL PIPE 12" NOMINAL DIA.,
SCHEDULE 20, WALL THICKNESS, 0.250"® 1-1/2"XI-1/2X1/8 "ANGLE BAR STEEL,
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

04 318"DIA STEEL BOLTS, NUTS, AND WASHERS
(8 REQUIRED AT EACH JOINi)

® 12"NOMINAL DIA STEEL CIRCULAR VENT DUCT
(SPIRO METAL 24G, OR EQUIVALENT) SPIRAL-WOUND TYPE

® STEEL EXTERIOR CAP, 24G

O STEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP)

END CAPS TO BE A TIGHT FIT

765343 3 4c 5 67

* 4.

__CONTINUOUS_,

3"WELD

12" 6" 30" 6"

18" 36"

TEST SAMPLE D- 17A
VENT DUCT WITH
STEEL SPIGOT (CIRC)

{R&DC GRAPW In'

USNC 142
ILL. 54

C-120



SAMPLE D17/AO

TEST DATE jUNE 9, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at overlap of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate, 3 in. from penetrant.

8 On steel plate, 4 in. from penetrant.

9 On steel plate, 4 in. from penetrant.

10 On steel plate, 8 in. from penetrant.

11 On steel plate, 8 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 55
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Cn,&- CnAT GiRAgD
UL Test No. 7 - D17/AO

86NK8673/USNC142
6-9-86

Temper ature Degrees F

CHAN(NOS.) 1 2 34
TIME
0: 0 73.1 73.5 /3. 21
4: 0 11G.8 101.1 88.5 39.6
a: 0 242.G 199.6 142.5 1i.3

1.2: 0 405.8 338.8 225.9 Is69.316: 0 55G.2 475.9 318.0
20: 0 672.8 586.9 402.9 71'4
24: 0 761.4 671.2 473.3 J-.U
28: 0 821.7 73c.8 532.2 283.6
32: 0 863.1 784.1 575.8 02.4
3G: 0 894.4 817.0 G09.7 325.3
40: 0 916.0 838.4 633.9 34 10
44: 0 937.G 860.3 657.1 357.1
48: 0 955.5 878.0 674.5 369.7
52: 0 973.8 895.8 691.G 377.5
56: 0 990.2 910.5 702.9 387.2
GO: 0 1001.0 920.2 714.3 397.9

FILE USNC142

ILL. 5G
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H.S. CnnA T CGiARn
UL Test No. 7 - D17/AO

86NK8673/USNC142
6-9-86

Term perature [e3rees F

CJAN(NOS.5 6 7
TIME
0" 0 72.1 72.1 72.9 , 2.
4" 0 84.8 82 .7 39G .6 J J
8: 0 123.8 115.4 797.5 1'Sw.0

Ii: U 100.2 152.7 152.7 114.416: 0 242.3 204.8 1154.9 Ua9

20: 0 303.5 250.5 1242.4 88.6
24" 0 356.6 293.9 1294.0 1325.?
28: 0 404.9 331.9 1327.8 1360.2
32: 0 444.9 366.6 1362.9 1396.0
3G: 0 475.1 392.8 1396.7 1421.4
40: 0 499.7 414.8 1422.2 1444.9
44: 0 521.0 433.4 1447.0 1464.0
48: 0 536.6 448.2 1466.9 1486.5
52: 0 551.6 461.8 1491.6 1503.6
56: 0 5133.2 472.6 1509.2 1518.3
60: 0 574.9 483.0 1523.0 0.0

FILE USAC142

ILL. 56A
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UL Test No. 7 - D17/AO
86NK8673/USNC142

6-9-86

Temperature Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 72.0 72.9 72.0 21.8
4: 0 406.2 403.6 361.2 131.9
8: 0 799.4 762.5 687.2 22L.?
12. 0 1030.5 980.5 907.5 1:85./
iG: 0 1125.7 1090.3 1022.7 J.1
: 0 1194.7 1171.0 A092.3 358.5

24: 0 1242.8 1221.3 1139.5 385.2
28: 0 1278.8 1261.3 1172.1 405.3
32: 0 1304.5 1294.5 1197.9 424.3
36: 0 1330.8 1321.1 1225.5 443.9
40: 0 1358.7 1337.1 1251.0 457.8
44: 0 1384.1 1359.5 1225.3 473.5
48: 0 1402.3 1379.5 1292.5 486.8
52: 0 1426.8 1397.0 1314.3 487.6
56: 0 1447.2 1420.1 1338.3 497.2
GO: 0 1462.8 1443.2 1354.9 500.5

SAMPLE D1 7/AO

UL TEST NO. 7
1400 . .

1 120

z 100

h s /

S400

so
il

S-20

hii

01'0 20 30 40 so so

Time (In Minutes)

Avg. v , ourve
280 - Amblent(72 F.) - 322 F.

320 F. t- Amblent(72 F.) , 3 7 r .

405 .. I- A. blent(72 P.) - 477 F.

- Hot oh;., , (d I)
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File USNC142 Issued: 8-!5-86

T E S T R E C O R D D19/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D19/A6OU and as shown in ILL. 57.

The fire and hose stream tests were conducted on
June 18, 1986 and identified by UL as Test No. 24.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

60 No significant changes occurred during the
remainder of the fire test.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILLS. 58 through 58A.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 59 through 59C.
Thermocouple No. 8 was inoperable until 52 min into the fire
endurance test.

Pressure Record - The pressure within the small-scale test
furnace ranged from +0.005 in./H 0 to +0.01 in./H 20, (+1.24 Pa to
+2.5 Pa), throughout the duratioR of the fire endurance test.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after

the fire test.

* A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D19/A60U
UL TEST NO. 24

O STEEL PLATE 36" X 36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

02 STEEL MULTI-CABLE TRANSIT

O VARIOUS SIZES OF ELECTRICAL (MARINE) CABLES,
CCG APPROVED (MINIMUM OF SIX (6) CABLES).

23

.. : .. :..: :: .9 - - - . .

.. :::::::::::::::: .. ... . ... .. . ..

6" .... CONTINUOUS

3. INSULATION

18" .. 36"

TEST SAMPLE D-19A ELECTRICAL
CABLES IN MULTI-CABLE TRANSIT

(R&OC GRAPHIC 31)

USNO 142
ILL. 57

C-126
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SAMPLE D19/A60U

TEST DATE JUNE 18, 1986

T.C. Location

1 On interface of steel plate insulation and transit
insulation.

2 On interface of steel plate insulation and transit
insulation.

3 On top of transit insulation, 3 in. from edge of
transit insulation.

4 On top of transit insulation, 3 in. from edge of
transit insulation.

5 On steel plate insulation seam, 3 in. from transit
insulation.

6 On steel plate insulation seam, 3 in. from transit
insulation.

7 On Type 1 cable, 9 in. from steel plate.

8 On Type 1 cable, 12 in. from steel plate.

9 On Type 1 cable, 18 in. from steel plate.

10 On Type 1 cable, 24 in. from steel plate.

11 On Type 2 cable, 9 in. from steel plate.

12 On Type 2 cable, 12 in. from steel plate.

13 On Type 2 cable, 18 in. from steel plate.

14 On Type 2 cable, 24 in. from steel plate.

15 On Type 3 cable, 9 in. from steel plate.

USNC142
ILL. 58
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T.C. Location

16 On Type 3 cable, 12 in. from steel plate.

17 On Type 3 cable, 18 in. from steel plate.

18 On Type 3 cable, 24 in. from steel plate.

Type 1 cable = 8 SHLD PAIR/6 AWG CANADA MARINEX Xl 300 VLT.
Type 2 cable = 14 AWG/10 WIRE CANADA MARINEX Xl 750 VLT.
Type 3 cable = Thermo Electric Type PLTC THCPL EXTN

Type JX 20 AWG

Note: Cable types will vary on the remaining D19 samples due
to the different cables used to construct the sample.
UL chose a large diameter cable, a medium diameter
cable and a small diameter cable for each D19 sample.
Cable types were matched whenever possible.

USNC142
ILL. 58A
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II.. CnQcAT -GJIARn
UL Test No. 24 - D19/A60U

86NK8673/USNC142
6-18-86

Tempera-3ture LDe3rees if

CHll*N (NOS.) 1 2
T IME 8 . )9 .-
0: 0 82.1 83. 8.3 83.U
L" 0 84.4 84.6 88.6 83.9

8: 0 86.4 85.9 88.2 Li.

12: 0 90.0 89.6 '7.0 84.6

IG: 0 99.5 93.9 88.2 85.1
20: 0 1113. 6 102.9 88.8 86.1
14: 0 z-7 . 142.1 90.3 36 ,
28: 39.4 208.5 91.7 88.2

32: 0 525.5 312,5 93.3 90.G
3G: 0 578.5 426.5 95.5 93.0
40: 0 598.4 512.6 98.2 95.4
44: 0 610.7 554.3 99.9 9G.0
48: 0 602.7 592.5 101.4 97.3

52" 0 612.5 620.0 102.7 103.4

56: 0 602.G 642.0 103.8 113.6

GO: 0 589.8 655.4 107.0 121.3

FILE USNC142

ILL. 59
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HI.S. /CnA_ 'r C"-di n
UL Test No. 24 - D19/A60u

86NK8673/USNC142
6-18-86

Temperature De 3rees F'

CHAN(NOS.) 5 7
TIME
0: u 84.2 83.0 81.1 81.L4
4: 0 89.3 84.2 81.8 31.4
3: 0 103.9 97.0 83.8 30.8

12: 0 126.1 150.0 89.1 J9.5
16: 0 160.7 252.7 97.5 '6.6
20: 0 217.5 364-.8 111.6 12.1
1-( 0 273.2 549.5 129.7 65.328: 0 360.6 711.8 151.4 57.3

32: 0 431.0 789.8 175.8 4G.7
6G: 0 494.0 857.2 192.4 3G.7
40: 0 552.5 948.2 212.2 25.8
44: 0 585.7 975.0 233.8 15.5
48: 0 594.5 97G.9 254.6 5.2
52: 0 595.9 976.4 270.9 171.0
56: 0 597.2 97G.8 289.1 179.2
GO: 0 599.7 979.5 308.6 188.4

FILE USNC142

ILL. 59A
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I I .. C nA--T Gi men
UL Test No. 24 - D19/A60U

86NK8673/USNC142
6-18-86

Temperature DIe3rees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 81.0 82.2 81.4 81.8
4: 0 82.3 82.4 31.0 82.5
8: 0 82.6 82..8 3. 3.4.

12: 0 83.3 8 .3 87.0 85.8 34.J:1
16: 0 84.3 84.2 93.2 88.7 a5.,
20: 0 86.1 85.3 102.9 93.3 86.8
24: 0 38.3 86.0 114.6 99.9 89.2
28: 0 91.6 88.9 130.2 107.9 91.4
32: 0 94.6 91.2 152.9 117.9 93.8
36: 0 98.5 94.6 170.0 126.4 9G.5
40: 0 102.8 94.9 187.6 136.4 99.3
44: 0 107.8 97.9 202.8 14G.G 103.2
48: 0 112.9 101.2 219.5 153.5 106.7
52: 0 117.7 104.2 234.7 iGG.3 110.8
56: 0 122.0 107.4 248.7 174.0 113.8
60: 0 126.7 109.8 262.1 176.7 117.0

FILE UrNC142

ILL. 59B
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III CAT GIun
UL Test No. 24 - D19/A6OU

86NK8673/USNC142
6-18-86

Temperature Degrees F

CHAN(NOS.) 14 15 16 17 18
TIME
0: 0 82.3 81.4 82.1 82.3 82 .2
4: 0 81.7 82.5 82.0 83.1 82.9
8: 0 83.4 82.2 83.G 83.8 83.6

12: 0 84.3 84.0 84.G 85.2 84.9
16: 0 85.2 87.2 85.7 8G.4 86.1
20: 0 8G.G 92.G 86.3 88.1 88.1
24: 0 87.4 101.7 90.1 90.1 90.9
28: 0 90.6 112.5 92.6 92.0 92.5
32: 0 92.7 126.0 95.9 95.5 93.8
3G: 0 95.1 141.3 99.2 97.3 94.8
40: 0 98.2 159.2 102.8 99.G 96.2
44: 0 101.4 174.4 107.5 103.1 98.8
48: 0 104.6 185.9 111.5 105.8 101.2
52: 0 108.1 202.0 116.9 108.7 103.6
5G: 0 110.8 202.8 119.4 109.7 104.5
GO: 0 113.5 211.9 121.6 111.0 105.8

SAMPLE D19/A60U
UL TEST NO. 24

1400 V I V I

I- 120

Z 100

a.

0 0"

010 20 30400 0

lime (in Minutesl)

Avg. tompl curve
250 P. + Ambient(3l2 It.) - 332 Pr .

-- -. 325 Ir . 4 Amblent(5l2 It.) - 407 IP.

405 P. 4 Amblent(5l2 P.) - 467 Pr .
- 14t chanlnel (fil)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D Dl9/A60-6E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D19/A60-6E and as shown in ILL. 60.

The fire and hose stream tests were conducted on
June 26, 1986 and identified by UL as Test No. 35.

RESULTS

Observations During Fire Test - All observations refer to

the unexposed surface unless noted.

Test Time, min Observations

0.25 The cables ignited on the exposed side.

5 The steel plate became black in color around
the periphery and was buckling and twisting.

6 Light smoke issued from the periphery.

15 Insulation was placed on the periphery of the
assembly due to severe buckling of the steel
plate. This severe buckling caused an
opening into the test furnace.

34 The steel plate was glowing red at the
periphery. The cables at the interface of
the transit were issuing smoke. Additional
insulation was placed at the periphery as it
was at 15 min.

38 The smoke intensity from the cables
increased. The cable jackets appeared to be
getting soft at the interface of the transit.

40 The cable jackets were melting at the
interface of the transit.

I

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILLS. 61 through 61A.
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File USNC142 Issued: 8-15-86

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 62 through 62D.

HOSE STREAM TEST:

A very small amount of water passed through the assembly at
the interface of the transit grommets and the cables.

Pictorial History - Photographs were taken before, during and after

the fire test.
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D 19/A60-6E
UL TEST NO. 35

O STEEL PLATE 36" X 36" X 3/16" THICK

ASTM A-53, GRADE A OR B (OR EQUIVALENT).

STEEL MULTI-CABLE TRANSIT.

® VARIOUS SIZES OF ELECTRICAL (MARINE) CABLES,
CCG APPROVED (MINIMUM OF SIX (6) CABLES).

18" 36"

STEST SAMPLE D-19A ELECTRICAL

CABLES IN MUL TI-CABLE TRANSIT
(..C GRAP .C 32)

USNC 142
ILL. 60

C-135
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SAYPLE D19/AGO-6E
TEST DATE JUNE 26, 1986

T.C. Location

1 On Type 1 cable, 6 in. above steel plate.

2 On Type 1 cable, 12 in. above steel plate.

3 On Type 1 cable, 18 in. above steel plate.

4 On Type 1 cable, 24 in. above steel plate.

5 On Type 2 cable, 6 in. above steel plate.

6 On Type 2 cable, 12 in. above steel plate.

7 On Type 2 cable, 18 in. above steel plate.

8 On Type 2 cable, 24 in. above steel plate.

9 On Type 3 cable, 6 in. above steel plate.

10 On Type 3 cable, 12 in. above steel plate.

11 On Type 3 cable, 18 in. above steel plate.

12 On Type 3 cable, 24 in. above steel plate.

13 On unexposed surface of grommet.

14 On top of grommet fastening screw.

15 On transit compression screw.

16 On unexposed surface of grommet joint.

17 On multi-cable transit frame, 1 in. above steel plate.

18 At interface of multi-cable transit frame and steel
plate.

19 On steel plate, 3 in. from multi-cable transit.

USNC142
ILL. 61
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T.C. Location

20 On steel plate, 3 in. from multi-cable transit.

21 On steel plate, 6 in. from multi--cable transit.

22 On steel plate, 6 in. from multi-cable transit.

Type 1 cable = 8 shld Pair/16 AWG Canada Wire Marinex Xl 300 VT.
Type 2 cable = 14 AWG/16 Canadi Wire Marinex Xl 750VT.
Type 3 cable = E67179 16 AWG 300 VT. Power limited circuit

cable Class 2 or 3 Type PLTC.

USNCI42
ILL. 61A
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!1£. CnAqT GIIAI'
UL Test No. 35 - D19/A60-6E

86NK8673/USNC142
6-26-86

Temperc.ture De3rees F

C HN (NOS. 2 34TIME

0: 0 28.4 28.G 73.4 2.j
4: 0 81.1 83.7 82.4 61.4i3: 0 90.8 95.3 92.2 , .

12: 0 111.4 120.1 109.2 Ku,,.1 0 141.0 1 0.. 131.5i .
20: 0 121.2 1'9.5 150.8 t 1.9
24: 0 200.2 202.5 170.1 145.028: 0 2G. 18.8 .•2 4 . 18 158.
32: 0 .52.8 245.7 203.8 171.2
3G: 0 276.8 264.8 219.4 183.2
40: 0 299.8 284.1 232.4 194.2
44: 0 320.8 298.8 243.9 205.0
48: 0 341.9 312.9 255.3 214.2
52:0 360.6 329.4 2G7.2 223.5
5G: 0 378.0 343.0 277.6 231.4
GO: 0 395.9 355.0 28G.1 238.6

FILE USNC142

ILL. G2
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IIl lr.CnA T (IIAlr

UL Test No. 35 - D19/A60-6E
86NK8673/USNC142

6-26-86

Temper. tJre Degrees F

CHAN(NOS.) 5 G 2 8
TIME
0: 0 78.6 78.6 78.4 78.6
4: 0 83.8 83.7 85.2 19.2
8: 0 92.3 97.8 93.2 9.9

12: 0 128.2 125.4 112.9 80.2
16: 0 166.1 156.8 136.0 81.5
20: 0 198.5 180.0 155.6 82.0
24: 0 229.1 206.7 124.6 83.9
28: 0 259.1 230.5 192.1 84.9
32: 0 289.7 251.3 209.2 85.7
3G: 0 314.9 272.0 224.2 86.6
40: 0 338.3 291.1 237.5 196.7
44: 0 357.8 307.1 249.4 205.6
48: 0 375.3 322.2 260.5 213.0
52: 0 393.3 336.7 273.2 221.3
56: 0 412.8 348.7 283.0 229.1
G0: 0 428.7 359.2 291.5 236.5

FILE USNCI42
ILL. 62A
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I.S. CnAsT Gi tARf
UL Test No. 35 - D19/A60-6E

86NK8673/USNC142
6-26-86

Temperaiture Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 78.8 78.8 78.3 78.
4: 0 89.1 32.5 ,3.9 81.14
8:0 11.6 106.5 95.3 28.5

12: 0 170.0 145.8 120.9 L02.0
16: 0 224.5 187.4 150.0 119.5
20: 0 264.3 218.4 171.8 133.0
24: 0 298.6 249.5 192.5 149.8
23: 0 327.9 275.6 219.1 165.3
32: 0 353. 8 296.6 235.9 128.8
3G: 0 376.8 315.0 250.3 190.0
40: 0 405.2 332.7 263.2 199.9
44: 0 427.2 348.6 274.4 208.1
48: 0 451.7 363.2 285.5 214.9
52: 0 426.0 375.3 297.4 222.7
56: 0 494.9 387.9 305.9 228. ]"
GO: 0 509.1 396.2 312.6 233.5

FILE USINC142
ILL. G2
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H ..S Cn &T Giagn
UL Test No. 35 - D19/A60-6E

86NK8673/USNC142
6-26-86

Temperature Dle3rees 1-7

CHAN(NOS.) 13 14 15
TIME
0: 0 78.5 28.1 -8.4 78.G '
4: 0 .9., , .?80.7 78.4
8: 0 . 81.5 92.5 85.3

12: 0 103.3S 90.2 115.1 101.3 l .5
16: 0 129.3 104.6 147.1 127.3 1 .
z0" 0 160.4 125.7 182.2 160.0 200.0
24: 0 193.0 149.2 211.5 195.b 234.9
28: 0 221.2 123. 229.8 262.3
32: 0 248.8 197.3 263.3 262.4 297.0
36: 0 274.8 219.8 285.8 291.7 322.6
40: 0 301.4 241.3 307.4 319.8 346.1
44: 0 324.8 261.2 325.8 347.2 368.2
48: 0 345.1 280.7 342.1 364.1 388.8
52: 0 364.3 299.5 361.0 383.8 409.1
56: 0 376.6 317.7 376.4 391.1 42'3.)
60: 0 688.2 3,34.9 390.0 382.5 447.6

FILE USNC142
ILL. 62C
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I1 . .; CnAAT (IiaRn

UL Test No. 35 - D19/A60-6E
86NK8673 /USNC 142

6-26-86

Temperature Diegrees E

CHAN(NOS.) 18 19 20 21 22
TIME
0: 0 78.0 79.7 78.9 80.4 79.4
4: 0 90.7 157.0 116.7 371.8 228.9
8: 0 124.G 261.4 184.9 651.8 463.?

12: 0 174.8 378.G 275.9 879.7 66.2
i: 0 227.8 469.2 358.0 1012.1 801.2
20: 0 276.5 530.3 416.5 1078.4 8/2.0
24: 0 318.7 574.9 459.2 1129.4 916.0
28: 0 354.2 620.2 493.2 1201.4 962.1
32: 0 385.9 647.4 521.4 1245.7 995.0
36: 0 414.0 677.2 546.9 1295.3 1031.4
40: 0 440.5 705.6 571.6 1340.5 1061.1
44: 0 464.6 730.1 595.1 1373.0 1081.8
48: 0 487.6 751.9 614.6 1396.2 1103.3
52: 0 506.1 767.4 632.3 1413.8 1123.6
56: 0 525.1 787.1 647.3 1428.2 1137.0
GO: 0 542.5 799.4 662.2 1438.1 1.150.8

SAMPLE D19/A6O-6E

UL TEST NO. 35
1400

t- 120

x

z 100
w

01 so- -so

w
ix 400 -) - -------- - - - - - - -- -

0 20

0 10 20 30 40 so 6 0

Time (In Mlnuteo)

Avg. temp ourve
280 F. + Amblent(70 F.) f 320 f.
328 F. + Amblent(70 7.) m 404 F.
405 F. + Ambient(70 F.) w 484 F.
Hot chennel (# 1i)

C-142



File USNC142 Issued: 8-15-86

T E S T R E C O R D D19/A60-6U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D19/A60-GU and as shown in ILL. 63.

The fire and hose stream tests were conducted on
June 25, 1986 and identified by UL as Test No. 34.

RESULTS

Observations During Fire Test - All observations refer to

the unexposed surface unless noted.

Test Time, min(s) Observations

0.08 (5) The cables ignited on exposed side.

0.16 (10) Smoke issued from the periphery.

5 The steel plate bowed downward and was
turning black in color.

6 Light smoke issued from the interface of the
steel plate and transit insulation.

10 Smoke issued from the interface of the
transit insulation and the cables.

22 The transit insulation at the interface of
the cables was turning black in color.

40 The cable jadkets were melting at the
interface of the transit insulation.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 64.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 65 through 65C.
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File USNCI42 Issued: 8-13-86

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D19/A60-6U
UL TEST NO. 34

O STEEL PLATE 36"X 36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

® STEEL MULTI-CABLE TRANSIT.

® VARIOUS SIZES OF ELECTRICAL (MARINE) CABLES,
CCG APPROVED (MINIMUM OF SIX (6) CABLES).

6/

6" CONTINUOUS
WELD

INSULATION

3"1 3"1

18" 36"

TEST SAMPLE D-19A ELECTRICAL
CABLES IN MULTI-CABLE TRANSIT

(RaOC GRAPHr- 33)

USNC 142
ILL. 63

C-145



SA.IPLE D19/A60-6U

TEST DATE JUNE 25, 1986

T.C. Location

1 At interface of transit insulation and steel plate.

2 At interface of transit insulation and steel plate.

3 On transit insulation, 3 in. from edge of transit
insulation.

4 On transit insulation, 3 in. from edge of transit
insulation.

5 On Type 1 cable, 6 in. from steel plate.

6 On Type 1 cable, 12 in. from steel plate.

7 On Type 1 cable, 18 in. from steel plate.

8 On Type 1 cable, 24 in. from steel plate.

9 On Type 2 cable, 6 in. from steel plate.

10 On Type 2 cable, 12 in. from steel plate.

11 On Type 2 cable, 18 in. from steel plate.

12 On Type 2 cable, 24 in. from steel plate.

13 -On Type 3 cable, 6 in. from steel plate.

14 On Type 3 cable, 12 in. from steel plate.

15 On Type 3 cable, 18 in. from steel plate.

16 On Type 3 cable, 24 in. from steel plate

Type 1 cable = 16 AWG Canada Wire Marinex Xl 750 VT.
Type 2 cable = 6 AWG/3 Canada Wire Marinex Xl 750 VT.
Type 3 cable = E67179 16 AWG 300 VT. Power limited circuit cable

Class 2 or 3, Type PLTC.

USNC142
ILL. 64
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UL Test No. 34 - D19/A60-6U
86NK8673/USNC142

6-25-86

Temperature Degrees f

CHAN(NOS.) 1 2 3 
TIME
0: 0 123.6 127.3 7G.5
8: 0 1143.2 1131.7 78.0 81.2

12: 0 1252.0 1236.0 32.4 89.1
16: 0 1310.4 1304.2 87.6
20: 0 1354.7 1360.7 98.0 114.5
24: 0 1391.0 1407.8 112.8 1283
28: 0 1427.0 1459.8 176.0 06.2
32: 0 1449.8 1495.0 167.6 126.5
36: 0 1485.8 1513.8 167.3 193.0
40: 0 1500.8 1516.6 168.4 259.1
44: 0 1530.6 1543.8 197.0 514.3
48: 0 1555.1 1568.5 422.5 753.4
52: 0 1574.0 1595.3 748.9 692.0
56: 0 1604.5 1G08.0 765.7 613.2
60: 0 1614.9 1613.0 713.3 587.7

FILE USNCI142

ILL. 65

C-147



S. . C nAT (IipAen
UL Test No. 34 - D19/A60-6U

86NK8673/USNC142
6-25-86

Temper:ture Degrees F

CHAN(NoS. 6 7

T IME
0: 0 80.5 24.9 74.9
8: 0 94.0 83.8 86.2 '38 .2

12: 0 112.9 95.5 98.4 102.0
16: 0 155.2 111.5 112.3 11 i: 0 200.5 130.4 126.3 1,1.7
24: 0 242.3 151.3 139.2 144.4
28: 0 287.9 172.4 152.7 156.3
-2 0 32,4.2 192.8 163.9 162.3
36: 0 354.5 206.5 127.7 178.3
40: 0 379.2 223.7 188.4 187.3
44: 0 396.2 235.5 195.6 195.8
48: 0 420.0 257.4 210.7 206.5
52: 0 445.2 275.3 219.8 213.0
5G: 0 480.7 291.1 230.2 221.0
60: 0 513.2 305.5 241.5 ,2.3

FILE USNC142

ILL. G5A
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j .Cn.n.-T Gitin
UL Test No. 34 - D19/A60-6U

86NK8673 /USNC142
6-25-86

TremperatJre De3rees E

CHAN (NOS. 910 11 1
TIME
0: 0 82.5 76.0 25.2 1 .
,: 0 106.8 91.6 87.4

12: 0 142.3 110.0 100.0 '94.2
IG: 0 193.6 132.5 114.2 L J .20: 0 249.2 156.3 128..

214: 0 309.7 185.2 143.0 12 I
28: 0 365.4 210.1 156.5 "31.0
3: 0 418.3 229.4 169.0 145.5
2}G: 0 455.4 251.4 133.1 155.1
40: 0 488.5 268.6 197.9 163.6
44: 0 518.1 282. 205.0 170.0
48: 0 550.2 304.2 212.3 179.8
52: 0 579.4 319.4 221.3 187.1
56: 0 621.5 332.6 230.G 194.4
GO: 0 657.5 352.7 238.5 200.6

FILE USNC142

ILL. 658
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Lu.-S. CnAcT (,I gn
UL Test No. 34 - D19/A60-6U

86NK8673 /USNC142
6-25-86

Temperature De3rees E

CHAN(NOS.) 1 14 15 16
1IME
0: 0 78.0 76.1
8: 0 96.2 91.2 90.4 Q .1 ,

12: 0 120.8 109.3 108.8 L0,5.2
16: 0 156.2 129.1 125.4 1L
20: 0 190.4 148.0 140.1
24: 0 216.7 IG5.0 15-3.1 142.,5
28: "238.5 180.6 164.1 151.9
32: 0 260.1 191.2 172.3 160.4
3,: 0 285.0 203.8 183.5 1G9.3
40: 0 307.3 214.4 191.1 176.5
44: 0 3,0.0 218.7 193.8 180.6
48: 0 368.4 235.G 207.0 190.7
5z: 0 453.G 249.4 215.9 197.5
56: 0 498.7 257.9 221.0 203.4
G0: 0 543.G 267.5 227.9 210.5

SAMPLE D 1 9/A60-6U
UL TEST NO. 34

1400

~-1207

z 100

I S
,<
LL.

0 20

Iii i i i

0 10 20 30 40 so so

Time (In Minutes)

- Avg. temp curve
250 F. + Amblent(76 F.) - 326 F.

325 F. + Amblent(76 F.) - 401 F.

405 f. + Amblent(76 r.) - 481 F.

Hlot channel (E )
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File USNC142 issued: 8-15-86

T E S T R E C 0 R D D19/A60-3E&3U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D19/A60-3E&3Uand as shown in ILL. 66.

The fire and hose strcam tests were conducted on
June 23, 1986 and identified by UL as Test No. 29.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

0.5 The cables ignited on the exposed side.

3 The cables on the exposed side were heavily
charred.

5 Smoke issued from the periphery. The steel
plate turned black in color and was twisting
at its center.

11 Mineral wool insulation was placid on the
periphery of the steel plate due to heavy
buckling of the steel plate which caused a
small opening into the furnace chamber.

30 The steel plate was glowing red.

40 Light smoke issued from the cables at the
interface of the cables and transit
insulation,

45 The smoke intensity increased off of the
cables. Flames began to issue from under the
transit insulation.

50 The smoke intensity increased off of the
cables.

55 The cable jackets were melting at the
interface of the cables and transit
insulation. A flash of flame was visible on
a cable jacket near the transit insulation.

60 Test terminated.
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File USNC142 Issued: 8-15-66

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILLS. 67 through 67A.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 68 through 68D.
Thermocouple No. 12 was inoperable until 20 min into the fire
test.

HOSE STREAM TEST:

A very small amount of water passed through the assembly at
the interface of the transit and cable insulations during the
hose stream test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D19/A60-3E&3U

UL TEST NO. 29

OSTEEL PLATE 36"X 36"X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

® STEEL MULTI-CABLE TRANSIT.

SVARIOUS SIZES OF ELECTRICAL (MARINE) CABLES,
CCG APPROVED (MINIMUM OF SIX (6) CABLES).

6" CONTINUOUSWELD

INSULATION

18" 36"

TEST SAMPLE D- 19A ELECTRICAL
CABLES IN MULTI-CABLE TRANSIT

(PADC GRANC 34)

USNC 142
ILL. 66
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SAMPLE D19/A60-3E&3U

TEST DATE JUNE 23, 1986

T.C. Location

1 At interface of steel plate and transit insulation.

2 At interface of steel plate and transit insulation.

3 On transit insulation, 3 in. from edge of transit
insulation.

4 On transit insulation, 3 in. from edge of transit
insulation.

5 On Type 1 cable, 3 in. from steel plate.

6 On Type 1 cable, 6 in. from steel plate.

7 On Type 1 cable, 12 in. from steel plate.

8 On Type 1 cable, 18 in. from steel plate.

9 On Type 1 cable, 24 in. from steel plate.

10 On Type 2 cable, 3 in. from steel plate.

11 On Type 2 cable, 6 in. from steel plate.

12 On Type 2 cable, 12 in. from steel plate.

13 On Type 2 cable, 18 in. from steel plate.

14 On Type 2 cable, 24 in. from steel plate.

15 On Type 3 cable, 3 in. from steel plate.

16 On Type 3 cable, 6 in. from steel plate.

17 On Type 3 cable. 12 in. from steel plate.

USNC142
ILL. 67
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T.C. Location

18 On Type 3 cable, 18 in. from steel plate.

19 On Type 3 cable, 24 in. from steel plate.

Type 1 cable = 8 SHLD Pair/16 AWG Canada Wire Marinex Xl
300 Volts.

Type 2 cable = 6 AWG/3 Canada Marinex Xl 750 Volts.
Type 3 cable = E67179 16 AWG 300 V Power Limited Circuit cable

Class 2 or 3 Type PLTC

USNC142
ILL. 67A
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Testo. 29 - I9A6-&
UL Test No. 29 - D19/A60-3E&3u

86NK8673 /USNC142
6-23-86

Temper.:ture Degrees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 78.9 78.7 78.6 79.8
4: 0 246.0 80.5 79.5 9.i
8" 0 769.9 455.6 83.0 84.5

12: 0 944.0 608.0 88.6 92.2
16: 0 1099.9 773.3 94.3 it17 .'
20: 0 1186.5 886.3 105.1 1.A.9
24: 0 1247.7 963.8 120.0 157.6
29: 0 1340.8 1055.9 154.1 200
32: 0 1395.5 1090.9 177.7
36: 0 1459.4 1132.9 214.7 "52.2
40: 0 1518.6 1172.2 2G6.9 283.8
44: 0 1561.5 1204.2 329.G 311.0
48: 0 1594.1 1235.0 408.8 341.5
52: 0 1619.7 1259.3 491.3 323.3
56: 0 1644.7 1276.8 557.6 407.0
60: 0 1666.9 1295.5 637.4 448.6

FILE USNC142

ILL. 68
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1I.S. CnAs-T Gian~n

UL Test No. 29 - D19/A60-3E&3U
86NK8673 /USNC142

6-23-86

Temperature Degrees F

CHAN(AOS.) 5 G 7 u
TIME
0: 0 78.7 77.7 78.0 78.0
4: 0 80.4 81.6 84.6 82.D.2
8: 0 89.2 87.1 9G.9 31.8

12: 0 104.7 98.2 113.5 iiR.u
l6: 0 134.6 116.8 138.8 123.6
20: 0 170.5 139.5 161.0 141f-l
24: 0 197.4 162.5 180.8 157.4
29: 0 234.3 192.0 205.5 127.3
32: 0 253.4 201.8 218.0 187.0
36: 0 277.4 21G.3 228.4 198.3
40: 0 303.3 232.9 243.5 209.2
44: 0 328.8 251.9 257.9 216.0
48: 0 359.5 265.8 273.7 228.G
52: 0 400.3 287.7 290.0 240.2
56: 0 443.4 308.8 302.5 249.4,
GO: 0 480.0 331.1 316.0 258.2

FILE USNC142

ILL. 68A
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1l.q- CnAcT (iAgn
UL Test No. 29 - D19/A60-3E&3U

86NK8673 /USNC142
6-23-86

Temperature Degrees E

CHAN(NOS.) 9 10 11 12
TIME
0: 0 79.1 78.7 79.0
4: 0 82.2 85.3 82.1
8: 0 90.3 107.4 94.3

12: 0 100.5 139.7 114.5
16: 0 115.7 190.5 148.8
20: 0 129.3 233.9 193.5 163.0
24: 0 141.1 275.9 212.9 185.6
29: 0 156.8 337.8 255.0 214.5
32: 0 164.1 367.5 272.1 222.8
3G: 0 171.1 410.1 292.G 23G.7
40: 0 179.3 436.3 315.2 250.8
44: 0 187.6 468.6 342.8 265.6
48: 0 197.6 498.0 36G.3 281.0
52: 0 205.7 524.6 383.4 293.5
56: 0 211.2 546.0 395.9 304.3
60: 0 215.2 573.7 410.3 314.5

FILE USNC142
ILL. 6BB
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I.S. CnAST GIiARn
UL Test No. 29 - DI9/A60-3E&3U

86NK8673/USNC142
6-23-86

TemperatuJre DgIrees £

CHAN(NOS.) 13 14 15 16
I IiME
0: 0 73.0 79.1 77.7
4: 0 743 83.6 8G.1 o. :
8: 0 97.1 93.6 105.2 96.0

]. H 114.3 107.7 130.1 S .
i6: 0 135.9 123.0 177.8 145.4
20" 0 154.3 136.3 202.3 1 ':J
24: 0 170.9 148.1 215.2 1 .) /
29: 0 193.5 163.1 254.7 209.3
32: 0 212.7 170.4 273.8 1.
3G: 0 214.8 179.4 299.8 23G.6
40: 0 216.9 189.0 327.4 251.8
44: 0 230.2 202.6 359.7 265.9
48: 0 239.8 205.0 385.8 287.4
52: 0 249.4 207.7 412.3 307.2
56: 0 257.0 209.5 434.2 325.3
60: 0 266.0 213.0 463.3 342.5

FILE IJSNC142
ILL. G8C
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UL Test No. 29 - D19/A60-3E&U
86NK8673 /USNC142

6-23-86

Temperature Degrees F

CHiAN(NOS.) 17 18 19
TIME

0: 0 72.9 78.0 78.0
4: 0 84.6 86.0 85.7
8: 0 100.7 103.7 100.7

12: 0 1L1.2 124.2 119.2
16: 0 149.1 149.2 136.6
20: 0 172.1 168.1 151.?
N4: 0 190.4 181.5 161.3
29: 0 214.7 212.9 178.1
32: 0 219.2 217.3 186.4
3G: 0 225.1 217.2 195.G
40: 0 235.5 221.6 201.9
44: 0 24G.7 228.6 206.4
48: 0 260.8 235.9 212.1
52: 0 272.2 243.7 214.2
56: 0 283.6 252.8 215.?
GO: 0 292.4 261.7 221.2

SAMPLE D19/A60 -3E&3U

UL TEST NO. 29
1 40 0

I- 120

w

2 0

10 20340 0s

Tirme (in minutes)

Avg. temnp curve
250 F. + Amnbient(7S F.) - 328 F.
325 7. + Ambfent(76 F.) - 403 F.
405 F. + Ambient(7S F.) - 483 7.
H a Nt chamne (#3)
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D21/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly ideitified as D21/A60U and as shown in ILL. 69.

The fire and hose stream tests were conducted on
June 26, 1986 and identified by UL as Test No. 36.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

31 The steel plate along with the insulation is
bowing downward.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 70.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 71 through 71B.

HOSE STREA4 TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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D21/A60U
UL TEST NO. 36

O STEEL PLA TE 36"X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

® SEAMLESS STEEL PIPE, 2m NOMINAL
DIA. SCHEDULE 40.

O BRASS TERMINAL TUBE, "KONDU" TYPE
V-200 FP WITH PILOT HOLE DRILLED TO
SUIT ELECTRICAL CABLE.O C.C.G. APPROVED MARINE ELECTRICAL
CABLE, APPROX2" O/VIA.

® FIRE RESISTANT SEALANT.

15 3 5

CONTINLXUUS ,
WELD

--~~ " INSULATION

3 -" 1 5- 2 1! -V

TEST SAMPLE NO. D-21A
ELECTRICAL CABLE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(MDORAM M)=

USNC 142
ILL. 69
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SAMPLE D21/A60U
TEST DATE JUNE 26, 1986

T.C. Location

1 At interface of penetrant insulation and steel plate
insulation.

2 On penetrant, 4 in. above steel plate.

3 On penetrant, 6 in. above steel plate.

4 On penetrant, 12 in. above steel plate.

5 At interface of brass terminal tube and cable.

6 On penetrant, 24 in. above steel plate.

7 On steel plate insulation, 6 in. from penetrant.

8 On steel plate insulation seam, 6 in. from penetrant.

9 On steel plate insulation, 12 in. from penetrant.

10 On steel plate insulation seam, 12 in. from penetrant.

11 On top of cable, on copper conductor.

USNC142
ILL. 70
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S.s. CflA4T GIIAfn
UL Test No. 36 - D21/A60U

86NK8673/USNC142
6-26-86

Ifemperature Degrees F

Li~hNU.)1? '4
F I fi -
0: 0 92.4 89.5 90.1 90.
4: 0 93.1 90.4 90.? 90.9
8: 0 94.7 92.5 92.5

1.2: 0 100.1 94.9 93.2 9r.4

16: 0 108.1 9?.? 96.1 97.':
20: 0 159.3 114.0 100.6 100.0
24: 0 294.0 159.6 109.6 105.6

28: 0 491.8 237.7 124.1 114.6
32: 0 595.1 315.3 141.8 124.0
36: 0 636.6 364.5 157.8 130.1
40: 0 659.6 393.6 172.0 1'35.3
4:" 0 676.7 412.8 185.4 140.1
48: 0 692.2 428.2 198.8 144.9
52: 0 706.7 441.1 211.1 148.9
56: 0 722.5 454.3 223.3 15L._

"0: 0 734.5 465.7 233.1 159.5

FILE USNC142

ILL. 71
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I I C_.(nA c;T ii jAg n
UL Test No. 36 - D21/A60U

86NK8673 /USNC142
6-26-86

Temper 3tuJre Degrees C

CHAN (NOS.G

0: 0 86.2 8G.6 c2.4 .0
4" 0 87.1 9 .4 92.4 .

8: 0 82 G. 8.6 93.1 ';..4
14: 0 89.1 89.G 95.8 1ii2. 3
G 0 91.3 ,104.7 .
2: 0 9G. 93.8 146.14
24: 0 106.3 99.7 256.5 444
28: 0 123.2 108.1 326.7 J0 "
32: I 145.5 118.4 415.6 5-j.5
3G: 172.2 130 .9 434.-,- 51
40: 0 188.5 14. 448.0 "-/"
44: 0 198.0 164.6 458.6 595G6
48: 0 205.2 179.9 470.8 614.G
J52 0 212.6 187. 480.6 630.?
5G:, 227.0 i94.3 493.1 G4. 8
60: 0 244.3 200.9 500.0 360.u

FILE USNCI42

ILL. 210
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I1.5; CnaST CiiAgn

UL Test No. 36 - D21/A60U
86NK8673/USNC142

6-26-86

Temperature De3rees F

IHt ',tN uS.) 9 10 11
lIME

0: 0 88.0 93.3 87.9
4' 0 88.9 98.3 88.1

89.2 96.1 89.0
1: " 0 89 .5 . 89.1
b " 0 90.2 104.7 69.0

z0: 0 90.G 125.1 91.8
24: 0 J0.9 169.6 93.6
.o. 0 91.7 243.8 99.4
52: 0 92.2 228.2 104.7
3G: 0 92.4 290.2 112.8
40: 0 92.0 297.0 123.0
411: 0 92.4 304.G 134.2
48: 0 92.5 307.3 146.6
52: 0 92.8 312.G 158.2
1G: 0 92.0 318.6 169.2
GO: 0 92.0 326.3 172.0

SAMPLE D21/A6OU
UL TEST NO. 36

1400

- 1 2 0
w

z 100
L&J "r.

Z o 00

w "I - --------

20 7

L&d

0 10 20 30 40 50 60

Time (In Minutee)

Avg. temp curve
250 F. + Ambient(90 F.) - 340 F.
325 F. + Ambient(g0 F.) - 415 r.
405 F. + Amblent(90 F.) - 495 F.

Hot channel (fi)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D22/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D22/A60E and as shown in ILL. 72.

The fire and hose stream tests were conducted on
June 17, 1986 and identified by UL as Test No. 22.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 73.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 74 through 74B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

A review of the above photographic documentation shows that
smoke, recorded in the above observations, did not pass
through the penetrant.
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D22/A60E

UL TEST NO. 22

4

CONTINUOUS-

STEEL PLATE, 36 X 36 X 3/16 THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

SEAMLESS STEEL PIPE, 2" NOMINAL
DIAMETER, SCHEDULE 40.

BRASS TERMINAL TUBE "KONDU" TYPE V-200 FP
WITH PILOTHOLE DRILLED TO SUIT ELECTRICAL CABLE.

Q C.C.G. APPROVED MARINE ELECTRICAL CABLE
APPROX. 2" O/DIA.

(O FIRE RESISTANT SEALANT

TEST SAMPLE NO. D-22A
ELECTRICAL CABLE
WITH STEEL SPIGOT AND
BRASS TERMINAL TUBE

(RADC GRAPHICS 38)

USNC 142
ILL. 72
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SAMPLE D22/AGOE

TEST DATE JUNE 17, 1986

T.C. Location

1 On brass terminal tube (4 in. above steel plate).

2 On interface of steel pipe and cable (5-3/4 in. above
steel plate).

3 On penetrant, 12 in. above steel plate.

4 On penetrant, 18 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On steel plate over insulation, 3 in. from penetrant.

7 On steel plate over insulation, 6 in. from penetrant.

8 On steel plate over insulation seam, 6 in. from
penetrant.

9 On steel plate over insulation, 12 in. from penetrant.

10 On steel plate over insulation seam, 12 in. from
penetrant.

11 On top of cable, on copper conductor.

Thermocouples 6-10 were located on the steel plate opposite
of the insulation mass of the penetrant on the exposed side.
Reference ILL. 72.

USNC142
ILL. 73
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I I COAST G( !Agn

UL Test No. 22 - D22/A60E
86NK8673/USNC142

6-17-86

Temperature Degrees F

CHAN(NOS.) 1 2
TIME
0: 0 71.4 71.4 "1.4 21.4
4: 0 72.9 21.8 71.6 )0.4
8: 0 71.9 71.0 71.6 70.4

12: 0 72.4 72.5 71.0 70.8
16: 0 73.3 73.4 72.5
20: 0 75.3 75.4 73.9 22.0
24: 0 79.6 78.6 76.3 2.
28: 0 111.1 84.0 79.3 73.9
32: 0 I67.2 102.1 84.9 77.3
3G 0 122.3 122.7 92.2 80.2
40: 0 176.5 137.6 99.0 83.8
44: 0 182.3 151.4 108.3 89.6
48: 0 186.5 164.5 118.3 92.6
52: 0 191.3 173.9 128.4 98.2
56: 0 195.0 181.0 139.2 103.8
60: 0 199.7 190.4 152.4 110.8

FILE USNC142
ILL. 74
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-S. CnAqT i iAfln
IL Test No. 22 - D22/A60E

86NK8673/USNC142
6-17-86

Tremperature Degrees F

CHAN(NOS." 5 6 7
[IHE
0: 0 71.4 71.4 72.8 "
4: 0 71.4 71.5 72.9 .
8: 0 71.4 73.7 24.7 -4.7

12: 0 70.5 25.4 77.7 7.2
16: 0 72.1 79.3 83.3 1. 3
20: 0 72.2 86.7 91.5
24: 0 72.7 96.2 103.6 97.2
28: 0 72.3 113.7 120.9 111.9
32: 0 74.6 138.6 140.9 129.1
36: 0 75.0 154.8 158.2 142.8
140: 0 77.5 IG9.2 173.4 151.1
44: 0 79.3 187.7 192.0 163.4
48: 0 82.7 205.3 208.5 17G.0
52: 0 85.8 221.5 223.0 186.8
56: 0 88.9 236.8 23G.3 197.0
60: 0 92.9 252.1 248.8 208.9

FILE USNC142
ILL. 74A
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U-x- -n;T Gi iA~n
UL Test No. 22 - D22/A60E

86NK8673/USNC142
6-17-86

Temperature Degrees F

CHAN(NOS.) 9 10 11
TIME

0: 0 72.8 73.1 71.4
4: 0 74.3 75.6 71.5
8: 0 76.4 77.5 71.6

12: 0 80.3 80.8 72.0
16: 0 85.2 86.6 73.3
20: 0 92.0 93.6 73.7
24: 0 104.0 102.2 73.1
28: 0 119.0 115.0 73.7
32: 0 135.0 129.1 74.6
36: 0 149.7 142.8 75.6
40: 0 163.2 154.7 76.9
44: 0 177.6 179.7 78.7
48: 0 192.0 180.9 81.3
52: 0 205.5 194.1 83.3
56: 0 217.2 206.0 85.8
60: 0 228.2 218.3 89.4

SAMPLE D22/A6OE
UL TEST NO. 22

1400

- 120

Z 100
i

U 00-

E 400
0

Id.

4 - --- - - - -- - - - - - -

0 10 20 30 40 s0 o0

Time (In Mlnute.)

Avg. temp ourve
250 r. + Amblent(72 F.) - 322 F.

.... . 325 7. + Amblent(72 F.) - 3 7 F.

405 F. + Ambient(72 F.) - 477 F.

- -. Hot ohannel (0O)
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File USNC142 issued: 8-15-86

T E S T R E C O R D D22/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D22/A60U and as shown in ILL. 75.

The fire and hose stream tests were conducted on

June 25, 1986 and identified by UL as Test No. 33.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless uoted.

Test Time, min Observations*

6 The steel plate and insulation bowed upward.

10 Smoke issued from the top of the cable.

14 The smoke stopped issuing from the top of the
cable.

30 The steel plate and insulation receded.

50 Smoke issued from the interface of the
penetrant insulation and steel plate
insulation. The insulation in this area
turned black in color.

57 Smoke issued from the first seam of the
penetrant insulation (6 in. above steel
plate). The insulation in this area turned
black in color.

60 Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 76.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 77 through 77B.

Pressure Record - At the start of the fire endurance test,
the pressure within the small-scale test furnace was
-0.005 in./H 20 (-1.24 Pa). Throughout the remainder of the test,
the pressure ranged from +0.005 in./H 20 to +0.01 in./H 20
(+1.24 Pa to +2.5 Pa).

A review of the above photographic documentation shows that
smoke. recorded in the above observations, did not pass
through the penetrant.
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File USNC142 Issued: 8-15-86

ROSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D22A60U
UL TEST NO. 33

4
-3"

INSULATION #

.ONINUUS f  5" RAD.

STEEL PLATE, 36" X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

O SEAMLESS STEEL PIPE, 2" NOMINAL
DIAMETER, SCHEDULE 40.

O BRASS TERMINAL TUBE "KONDU" TYPE V-200 FP
WITH PILOT HOLE DRILLED TO SUIT ELECTRICAL CABLE.

O C.C.G. APPROVED MARINE ELECTRICAL CABLE
APPROX. 2" ODIA.

O FIRE RESISTANT SEALANT.

TEST SAMPLE NO. D-22A
ELECTRICAL CABLE
WITH STEEL SPIGOT AND
BRASS TERMINAL TUBE

(Rt4C GRAPHICS 3?)

USNC 142
ILL. 75
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SAMPLE D22/A60U

TEST DATE JUNE 25, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 5-3/4 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, 18 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 At interface of steel plate insulation and penetrant
insulation.

7 On steel plate insulation, 6 in. from penetrant.

8 On steel plate insulation seam, 6 in. from penetrant.

9 On steel plate insulation, 12 in. from penetrant.

10 On steel plate insulation seam, 12 in. from penetrant.

11 On top of cable, on copper conductor.

USNC142
ILL. 76
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HI.S. CoA,-T C-diAgn
UL Test No. 33 - D22/A60U

86NK8673/USNC142
6-25-86

Temper.3ture Leg3rees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 71.1 71.2 70.8 69.5
4: 0 71.5 71.2 71.1 69.8
8: 0 72.7 71.9 72.1 71.14

12: 0 74.6 73.1 73.0
16: 0 83.6 77.1 76.1 N3.9
20: 0 89.2 79.0 78.5 80.?
4: 0 93.5 82.7 81.1 89.9
28: 0 106.4 84.9 85.2 99.9
32: 0 147.1 88.7 91.4 113.9
36: 0 198.9 95.5 109.2 130.3
40: 0 243.5 104.1 102.6 148.9
44: 0 282.4 115.2 107.1 165.3
48: 0 314.0 129.7 112.1 172.2
52: 0 344.9 145.4 116.9 177.8
56: 0 391.9 166.6 122.0 184.4
60: 0 450.9 200.0 127.0 190.5

FILE IJSNC142
ILL. 77
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U.S9. fC-oT (' ijRfn
UL Test No. 33 - D22/A60U

86NK8673 /USNC142
6-25-86

Temperature fle9rees F

'LrHAN ( S. 5 6 7 0
TIME
0: 0 20.6 69.9 70.0 71.1
4: 0 6978 71.9 71.0 22.9

G: 0 21.3 73.5 74.0 2
12: 0 /4.2 81.9 83.3 10-.9
16: 0 74.1 92.6 90.8 158..1
20: 0 75.4 115.5 137.2 24S.,

24: 0 80.9 235.4 258.0 357.7

28: 0 85.4 421.1 410.3 452.8

32: 0 92.7 547.4 483.2 516.3

3G: 0 100.3 606.4 508.9 559.2

40: 0 109.9 644.4 530.0 595.2
44: 0 120.3 677.6 548.5 624.8
48: 0 131.4 711.3 564.2 649.7

E52: 0 142.6 764.8 580.6 62.9

56: 0 154.1 866.2 599.9 697.0

60: 0 165.5 920.3 620.2 212.2

FILE USNC142
ILL. 72A
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ii>s. CflAcT C(iia Rfn
UL Test No. 33 - D22/A6OU

86NK8673/USNC142
6-25-86

Teraerature tle,3rees F

CHAN(NOS.) 9 10 11
T IME

0: 0 71.1 71.2 70O.6
4: 0 72.8 73.4 20.8
8: 0 /5.2- 85.1 211.2

12: 0 83.9 121.2 73.8
16: 0 89.0 204.4 74.2
20: 0 118.7 316.8 75.1
24: 0 218.9 423.3 76.0
248: 0 351.1 507.G 81.6
32: 0 423.8 56G.7 85.2
36: 0 456.7 617.7 91.2
40: 0 476.9 652.8 96.9
44: 0 494.4 G78.1 105.8
48: 0 509.8 701.1 113.7
52: 0 524.G 719.2 122.8
56G: 0 538.5 2/33.6 131.9
60: 0 5 53 .2 745.014.

SAMPLE D 2 2/A60OU

UL TEST NO. 33
1 400

I- 120
w
x

LZ 100H

w

(A so0

20 200 40

Time (in Minutes)

- Avg. temp curve
230 F. + Ambient(71 F.) - 321 F.
325 F. + Ambient(71 F.) - 396 F.

405 F. + Amblent(71 F.) - 476 F.

H at channel (#10)
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File USNC142 Issued: 0-15-86

T E S T R E C 0 R D D22/A0

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identifi2d as D22/AO and as shown in ILL. 78.

The fire and hose stream tests were conducted on
June 12, 1986 and identified by UL as Test No. 13.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations *

1.5 The cable ignited on the exposed side.

4 The RTV sealant on the exposed side is
heavily charred.

7 The steel plate was black in color and bowing
upward.

1.0 Smoke issued from the end of the cable.

15 The cable was supported with wire by UL's
technical staff by request of the USCG.

18 Smoke issued from the interface of the cable
and brass terminal tube.

21 The cable jacket turned whitish in color near
the brass terminal tube.

40 The cable was again supported with wire by UL
technical staff. The cable jacket was
dripping down onto the steel plate and
igniting.

42 The cable was issuing smoke and was heavily

charred.

59 The cable jacket ignited.

60 Test terminated.

A review of the above photographic documentation shows that
smoke. recorded in the above observations, did not pass
through the penetrant.
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Temperature Of The Assembly - The locations of the
thcrmocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 79.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 80 through 80B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D22/AO

UL TEST NO. 13

4

CONTINUOUSWELD 3"

2 1 5" RAD.

SSTEEL PLATE, 36"X36"X316" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

SEAMLESS STEEL PIPE, 2" NOMINAL
DIAMETER, SCHEDULE 40.o BRASS TERMINAL TUBE "KONDU" TYPE V-200 FP
WITH PILOT HOLE DRILLED TO SUIT ELECTRICAL CABLE.

O C.C.G. APPROVED MARINE ELECTRICAL CABLE
APPROX. 2" OIDIA.

O FIRE RESISTANT SEALANT

TEST SAMPLE NO. D-22A
ELECTRICAL CABLE
WITH STEEL SPIGOT AND
BRASS TERMINAL TUBE

(R&OC GRAPHICS 36)

USNC 142
ILL. 78
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SAMPLE D22/AO

TEST DATE JUNE 12, 1986

T.C. Location

1 On brass terminal tube (4 in. above steel plate).

2 On interface of brass terminal tube and cable
(5-3/4 in. above steel plate).

3 On penetrant, 12 in. above steel plate.

4 On penetrant, 18 in. above steel plate.

5 On penetrant, 24 in. above steel plate.

6 On steel plate, 3 in. from penetrant.

7 On steel plate, 6 in. from penetrant.

8 On steel plate, 6 in. from penetrant.

9 On steel plate, 12 in. from penetrant.

10 On steel plate, 12 in. from penetrant.

11 On top of cable, on copper conductor.

USNCI42
ILL. 79
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II.S. CnAqT CIAin
UL Test No. 13 - D22/AO

86NK8673/USNC142
6-12-86

Temperature Degrees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 79.6 78.5 78.2 ?3.2
4: 0 107.6 81.7 81.9 7j.8
8: 0 204.1 96.4 93.6 "33.6

12: 0 307.1 152.6 128.1 '
IG: 0 404.0 237.5 186.8 1i64.)
20: 0 481.8 288.9 246.9 221./
24: 0 543.5 349.3 267.2 243.2
28: 0 595.0 413.3 300.0 256.4
32: 0 G38.3 510.9 355.1 328.2
36: 0 683.7 582.5 420.1 402.8
40: 0 723.4 643.3 472.8 434.9
44: 0 747.1 713.2 511.3 4GG.G
48: 0 768.2 740.8 566.7 493.0
52: 0 787.4 769.4 708.6 524.9
56: 0 803.9 794.4 719.0 554.7
GO: 0 823.2 817.6 728.4 601.0

FILE USNC142

ILL. 80
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UL Test No. 13 - D22/AO
86NK8673/USNC142

6-12-86

Temperature Degrees F

CHAN0NOS.) 5 6 2 8
TIME
0: 0 79.8 82.0 33.2 84.3
4" 0 92.2 493.8 504.0 463.0
8: 0 85.0 921.5 958.9 853."

12: 0 103.2 1129.3 1132.7 1093.1
16: 0 143.1 1190.2 1209.7 1133.)
20: 0 176.1 1244.5 1245.4 1206.0
24: 0 203.9 1280.1 1283.8 1241.9
28: 0 219.0 1313.2 1319.6 1280.2
32: 0 276.2 1353.1 1362.4 1323.0
36: 0 339.8 1395.6 1400.9 1359.9
40: 0 340.9 1427.1 1433.2 1396.1
44: 0 340.5 1454.3 1458.9 1419.7
48: 0 346.9 1481.1 1483.5 1444.7
52: 0 360.2 1506.7 1508.1 1467.1
56: 0 374.7 1525.0 1525.9 1488.0
60: 0 382.9 1537.4 1537.3 1502.6

FILE USNC142

ILL. 8OA
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UL Test No. 13 - D22/AO
86NK8673/tJSNC142

6- 12-86

Temipera~ture Degrees £

I1HN(NOS. " 9 10 11
TIME

0: 0 82.0 85.2 78.4
4: 0 506.0 413.? 2 79.2

8: 0 945.2 769.8 82.8
12: 0 1156.8 1006.7 95.3
16: 0 12061083.8 119.8
20: 0 1269.3 11414.2 1144. &
L4: 0 1296.4 1190.9 158.2
28: 0 132G.9 1234.7 122.4
32: 0 136.6 1285.2 12G.9
36: G: 0 1399.2 1324.3 191.0
40: 0 1424.4 1358.2 198.0
44: 0 1449.3 1380.5 194.2
48: 0 1471.6 1403.8 202.2
52: 0 1493.9 1425.0 214.0
56: 0 1511.1 1444.8 225.7
G0: 0 1516.3 1459.7 231.4

SAMPLE D22/AO
UL TEST NO. 13

1 400

I- 120

z 100

Ir 40 ----------*-- ---------o - - - -

, L

Time (In Minutes)

- Avg. temp curve
250 fr. + Amblent(7* F.) w 320 P.

- .325 Or. + Ambent(70 P.) - 404 Or.
405 P. + Amblont(79 P.) - 404 P.
Hot channel (#I)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D23/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D23/A60E and as shown in ILL. 81.

The fire and hose stream tests were conducted on
June 20, 1986 and identified by UL as Test No. 27.

RESULTS

Observations During Fire Test - All observations refer to

the unexposed surface unless noted.

Test Time, min Observations *

10 Smoke issued from the interface of the steel
pipe and cable.

14 Light smoke issued from the top of the cable.

22 The steel plate bowed upward.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 82.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 83 through 83B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D23/A60E
UL TEST NO. 27

OSTEEL PLATE 36"X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)® SEAMLESS STEEL PIPE, 2 NOMINAL
DIA. SCHEDULE 40.

BRASS TERMINAL TUBE "KONDU TYPE
V-200 FP WITH PILOT HOLE DRILLED TO SUIT CABLE.

O C.C.G. APPROVED MARINE ELECTRICAL
CABLE, APPROX2 0/0A.

® FIRE RESISTANT SEALANT

2__ 1l 2 i 3 5 4

WELD

,"3

15S k S 21"

TEST SAMPLE NO. D-23A
ELECTRICAL CABLE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(MDC GRAPMIC 20)

USNC 142
ILL. 81
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SAMPLE D23/A60E

TEST DATE JUNE 20, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at interface of brass terminal tube and
cable.

5 On brass terminal tube.

6 On penetrant, 24 in. above steel plate.

7 On steel plate over insulation, 3 in. from penetrant.

8 On steel plate over insulation, i -.i. from penetrant.

9 On steel plate over insulation seam, 6 in. from
penetrant.

10 On steel plate over insulation, 12 in. from penetrant.

11 On steel plate over insulation seam, 12 in. from
penetrant.

12 On top of cable, on copper conductor.

USNC142
ILL. 82
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I.S. CnhsT Gi i n
UL Test No. 27 - D23/A60E

86NK8673 /USNC142
6-20-86

Temperature Dlegrees F

CHAN(NOS.) 1 2 14
TIME
0: 0 67.0 62.8 62.9 62.8
4: 0 69.1 68.4 68.5
8: 0 75.1 70.5 70.5 68.2

12: 0 91.6 79.8 72.5 20.
16: 0 113.0 93.9 77.8 72..20: 0 133.4 109.4 83.2 74.9
-4: 0 155.0 126.4 91.3 82.2
28: 0 11.4 140.1 98.3 85.0
32: 0 183.8 149.9 102.5 90.9
36: 0 205.4 159.4 107.7 95.4
40: 0 205.4 170.3 114.3 102.5
48: 0 227.1 191.6 134.0 122.4
52: 0 231.5 20.0 149.8 133.7
56: 0 231.0 217.3 176.0 146.8
60: 0 234.1 221.3 189.2 166.0

F-ILE USNC142
ILL. 83
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H-S. CnART liAgn
UL Test No. 27 - D23/A60E

86NK8673/USNC142
6-20-86

Temper.3ture lee3rees F

CHAN(NOS.)TIME

0: 0 67.8 636.6 68.5 68.5
4: 0 69. 67.2 70.1 G9.4
8: 0 68.5 68.7 8 87
I 0 04 9.7 92.8 ./-15;;1 110.2 49 .'(
16: 0 75.1 70, 110.zo: 0 26.5 72.1 129.2 110.0

24: 0 80.6 79.1 154.1 132.6
28: 0 84.4 79.G 175.2 151.G
32: 0 87.7 81.0 198.2 171.9
36: 0 90.1 83.6 220.2 193.5
40: 0 94.G 87.9 240.4 214.9
48: 0 108.1 98.0 276.4 252.3
52: 0 115.9 104.7 291.4 268.3
56: 0 129.7 112.3 303.5 282.0
60: 0 148.8 121.4 313.9 L92.u

FILE USNC142

ILL. 8ZA
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IIig. CnAST (11ARn
UL Test No. 27 - D23/A60E

86NK8673/USNC142
6-20-86

Tempe rture Degrees F

CHAN(NOS.) 9 10 11 12
TIME
0: 0 G8.G 68.6 68.6
4: 1 G9.1 71.3 70.5
8: 0 72.2 74.8 73.6 G8.

i2: 0 79.1 80.5 78.0 69.0
1i: 0 38.9 87.6 86.4 74.15
20: 0 100.4 9G.0 9U.7 26.0
24: 0 120.0 111.8 111.4 77.2
28: 0 1'7.5 126.8 126.1 77.3
32: 0 156.7 144.4 143.2 77.1
SG: 0 176.4 159.7 158.4 78.3
40: 0 197.7 173.7 172.9 80.0
48: 0 233.2 208.6 206.0 84.3
52: 0 248.9 225.5 220.0 87.4
5G: 0 262.0 241.0 233.2 91.9
GO: 0 272.9 254.5 245.2 95.7

SAMPLE D23/A60E
UL TEST NO. 27

140w w I

1- 120

z 100

Ii.w

d

o

o 200" - - "- -..-- "" ------
w - - - - - -

40 - - - - - - - - -- - - - -_ - - - - - --_ - - - - U -

0 10 20 30 40 s0 so

Time (In Minute*)

Avg. tomp ourve

280 P. + Amblent(6S F.) , 316 f.
. . 325 F. + AmbIent(Gli F.) , 303 P.

405 F. + Ambient(60 F.) - 473 F.
- Hot ohennol (#4)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D23/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D23/A60U and as shown in ILL. 84.

The fire and hose stream tests were conducted on
June 24, 1986 and identified by UL as Test No. 31.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations *

6 Smoke issued from the top of the cable. The
steel plate and the insulation bowed upward.

9 Smoke issued from the RTV sealant at the
interface of the brass terminal tube and
cable.

16 All smoke intensity decreased.

21 All the smoke that was issuing stopped.

40 The steel plate along with the insulation
receded.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 85.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 86 through 86B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

A review of the above photographic documentation shows that smoke, recorded

in the above observations, did not pass through the penetrant.
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Pictorial History - Photographs were taken before, during and after
the fire test.
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D23/A60U
UL TEST NO. 31

O STEEL PLATE 36' X 36- X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE, 2 NOMINAL
DIA. SCHEDULE 40.

BRASS TERMINAL TUBE KONDU" TYPE
V-200 FP WITH PILOT HOLE DRILLED TO SUIT CABLE.

®C. C. G. APPROVED MARINE ELECTRICAL
CABLE, APPROX 2" O/DIA.

(® FIRE RESISTANT SEALANT

SINSULATION

3""

15" 15, 21"A

TEST SAMPLE NO. D-23A
ELECTRICAL CABLE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(R&DC GRAPHIC 21)

USNC 142
ILL. 84

C-195



SAMPLE D23/A60U

TEST DATE JUNE 24, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at interface of brass terminal tube and
cable.

5 On brass terminal tube.

6 On penetrant, 24 in. above steel plate.

7 At interface of penetrant insulation and steel plate
insulation.

8 On steel plate insulation, 6 in. from penetrant.

9 On steel plate insulation seam, 6 in. from penetrant.

10 On steel plate insulation, 12 in. from penetrant.

11 On steel plate insulation seam, 12 in. from penetrant.

12 On top of cable, on copper conductor.

USNC142
ILL. 85

C-196



HLS. CnA'qr (iainn
UL Test No. 31 - D23/A60U

86NK8673/USNC142
6-24-86

Temper3ture Degrees F

CHAN(NOS.) 1 2 3 4
TIME
0: 0 36.3 66.1 ' 66 64.9
4: 0 GG.1 65.0 65.2 G4.9
8: 0 67.3 67.7 67.2 u5.3

12: U 69.8 70.2 68.7 b8.14
16: 0 74.3 22.8 70.7 74.8
20: 0 78.5 76.1 72.0 87.1
24: 0 89.3 84.2 76.5 104.0
28: 0 128.2 97.5 83.6 125.G
32: 0 182.7 114.7 89.9 158.6
36: 0 225.1 120.6 94.0 165.6
40: 0 255.9 129.0 98.8 182.3
44: 0 278.6 137.5 103.6 196.0
48: 0 298.3 148.9 107.6 209.8
52: 0 308.G 155.9 111.3 213.2
56: 0 320.3 165.1 114.7 LI1.6
GO: 0 331.4 174.0 118.9 247.9

FILE USNCI42

ILL. 86
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-S- CnA&qT CiAgf
UL Test No. 31 - D23/A60U

86NK8673/USNC142
6-24-86

Temperature Degrees E?

CHAN(NOS.) 5 6 7
TIME
: 0 65.0 G5.4 C7.1 66.2

4: 0 36.9 63.8 66.4 GG.O
8: 0 65.2 64.1 69.3 20.2

12: 0 68.1 67.5 83.5 80.2
16: 0 73.8 70.8 97.3 93.6
20: 0 79.5 73.1 184.3 127.?
24: 0 91.0 82.5 376.0 355.3
28: 0 108.1 96.2 541.5 455.2
32: 0 127.9 111.7 609.9 490.5
36: 0 151.3 126.6 642.9 509.4
40: 0 163.5 139.9 G63.4 524.1
44: 0 186.5 165.3 700.8 554.5
48: 0 186.8 165.7 701.3 554.9
52: 0 196.0 175.6 713.6 565.0
56: 0 206.6 184.6 726.8 577.9
G0: 0 217.6 192.3 738.5 587.7

FILE USNC142

ILL. 8GA
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(I£ nA-; (1 ,aRn
UL Test No. 31 - D23/A60U

86NK8673/USNC142
6-24-86

Tenperature Degrees E

CHAN(NOS.) 9 10 11 12
TIME
0: 0 G6.8 G6.3 66.3 65.1
4: 0 G5.4 GG.9 65.8 G-.j
8: 0 G8.G 75.7 71.5 64.0

12: 0 78.9 89.5 83.8 u3.J
1G: 0 87.0 106.3 95.7 69.5I0: 0 149.2 155.2 136.0 ,0.6
24: 0 308.3 2G4.G 244.3 71.9
28: 0 452.4 369.3 389.4 76.4
32: 0 502.2 409.0 456.5 83.2
36: 0 520.8 422.2 481.7 92.0
40: 0 532.8 426.6 496.4 102.9
44: 0 559.3 439.8 521.4 182.0
48: 0 559.7 440.1 521.9 182.5
52: 0 5G8.5 442.4 534.2 IG5.9
56: 0 579.6 451.7 542.5 168.1
GO: 0 589.4 457.7 549.9 184.7

SAMPLE D23/A6OU

UL TEST NO. 31
1400

I- 120
L&J
I
z 100

I e

U.

w

600- - ---

XW 400- ... _""

o 20

10 20 30 40 30 60

Time (In Mlnutee)

Avg. temp curve
250 F. + Ambint(66 F.) - 316 F.

325 F. + Amblent(6S F.) - 391 F.

405 F, + Amblent(46 F.) - 471 F.

- . Hot channel (#7)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D23/AO

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D23/AO and as shown in ILL. 87.

The fire and hose stream tests were conducted on
June 19, 1986 and identified by UL as Test No. 25.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

4 Smoke issued from the interface of the cable
and brass terminal tube for approximately
30 seconds.

9 Smoke issued from the top of the cable.

13 The smoke intensity decreased in all areas.

15 The steel plate was bowing upward and turning
blackish in color.

30 The steel plate was starting to glow red in
color.

40 The cable jacket began to melt by the brass
terminal tube.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 88.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 89 through 39B.

* A review of the above photographic documentation shows that smoke, recorded
in the above observations, did not pass through the penetrant.
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HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D23/AO
UL TEST NO. 25

O STEEL PLATE 36* X 36* X 3/16* THICK

ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE, 2" NOMINAL
DIA. SCHEDULE 40.

® BRASS TERMINAL TUBE *KONDU" TYPE
V-200 FP WITH PILOT HOLE DRILLED TO SUIT CABLE.

Q C.C.G. APPROVED MARINE ELECTRICAL
CABLE, APPROX 2" O/DIA.

® FIRE RESISTANT SEALANT

5 2 1 2 35 4

3" 15' 15* 21 A

TEST SAMPLE NO. D-23A
ELECTRICAL CABLE WITH
STEEL SPIGOTAND
BRASS TERMINAL TUBE

(PAOO GAMWC M

USNC 142
ILL. 87

C-2Z 2



SAMPLE D23/A0

TEST DATE JUNE 19, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at interface of brass terminal tube and
cable.

5 On brass terminal tube.

6 On penetrant, 24 in. above steel plate.

7 On steel plate, 3 in. from penetrant.

8 On steel plate, 6 in. from penetrant.

9 On steel plate, 6 in. from penetrant.

10 On steel plate, 12 in. from penetrant.

11 On steel plate, 12 in. from penetrant.

12 On top of cable, on copper conductor.

USNC142
ILL. 88
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1I.S. CnAqT GiiARn
UL Test No. 25 - D23/AO

86NK8673/USNC142
6-19-86

Temper ture Degrees F"

CHAYNUS. 1 2 3
TIME
0: 0 80.2 79.4 28.8 .I

4 0 80.3 79.4 78.8 .11
8: 0 291.4 190.0 129.2 883"

12" 0 '442.4 3053 201.2 "00A
W0: ' 528.7 388.6 263.S 119.J
20: 0 587.6 450.6 313.4 L6-
24: 0 616.5 489.0 348.5 1NA
28: 0 G47.5 523.8 08.6 213.9
12: 0 671.2 550.5 404.9 234.6
36: 0 204.5 581.3 432.3 252.3
40: 0 710.2 599.1 455.3 273.8
44: 0 725.3 620.5 474.8 293.2
48: 0 742.9 643.5 496.0 310.0
52: 0 254.2 657.4 510.0 330.9
56: 0 772.7 073.0 527.3 348.0
GO: 0 78G.4 080.8 544.8 369.2

FILE USNC142

ILL. 89
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II iS. CnaT GjIAan
UL Test No. 25 - D23/A0

86NK8673/USNC142
6-19-86

TemperatJre Degrees F

C.CHAN (NOS.)
T "ME
0: 0 28.6 78.5 83.8 :8.0
4. 0 78.G 77.4 8 .8 83 .
8: 0 103.8 89.3 1042.8 i055.L

.12: 0 141.8 106.4 1224.8 1224. -J
iG: 0 182.7 121.0 1297.3
20: 0 222.1 135.0 134.5 .
2,4: 0 255? !52.7 135G.1 35I.9
18: 0 284.9 174.8 13U2.5 1377.9
32: 0 312.3 209.7 1413.8 1410.1
3G: 0 332.7 225.0 1441.8 1441./
40: 0 352.7 231.7 1469.9 1471.0
44: 0 372.2 243.2 1494.3 1495.2
48: 0 391.7 257.3 1518.2 1514.2
52: 0 '407.1 271.6 1533.0 1525.
5G: 0 424.1 288.2 1549.4 1I78.4
GO 0 1440.5 307.7 1562.8 15 48.6

FILE USNC142

ILL. 89A

C-205



I.q (Cna-,T (-iIan
UL Test No. 25 - D23/AO

86NK8673/USNC142
6-19-86

Temlper.3ture Degrees F

CHAN(NOS. 9 10 11 ±2
TIME
0: 0 84.5 8.G 34.4 U.J
4: 0 84.5 83. 0 4.4 /1 !*
8. 0 1102.8 904.2 1022.5 4. I
2 0 1255.9 1120.8 1202.G 110.2

16: 0 1315.1 1205.2 1272.1 113.;
20: 0 1342.8 1255.3 1302.2 134.5
24: 0 1373.7 1285.2 1321.8 149.0
28: C, 1401.7 1309.3 1354.4 1GO.8
32: 0 1431.4 1341.4 1384.6 126.4
3G: 0 145G.6 1375.2 1409.5 190.9
40: 0 1477.6 1387.3 1435.7 200.6
44: 0 1499.0 1405. 7  1453.4 192.5
48: 0 1515.6 1407.8 1468.0 214.0
52: 0 1532.9 1402.2 1485.0 224.45G: 0 1557.2 1401.4 1506.1 2J8.1
G0: 0 157.5 1412.9 1528.4 234.9

SAMPLE D23/AO

UL TEST NO. 25
140 r

I- 120

Z 100

w111" 40

10 20 30 40 s0 so

Tim* (In Mlnutee)

Avg. temp curve
250 F. + Amblent(70 F.) - 329 F.

....-. 325 P. + Ambhent(79 F.) - 404 F.
405 F. + Amblent(7T Pr.) - 484 F.
Hot channel (0t)
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T E S T R E C 0 R D D24/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D24/A60E and as shown in ILL. 90.

The fire and hose stream tests were conducted on
June 10, 1986 and identified by UL as Test No. 10.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

15 Light smoke issued from the periphery.

25 Smoke issued from the interface of the steel
pipe and cable.

44 Smoke issued from the top of the cable.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 91.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 92 through 92B.

HOSE STPEAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D24/A60E
UL TEST NO. 10

SSTEEL PLATE 36X 36"X 3/16 THICK

ASTM A-53, GRADE A OR B (OR EQUIVALENT)

( SEAMLESS STEEL PIPE, 2 NOMINAL
DIA. SCHEDULE 40.

BRASS TERMINAL TUBE "KONDU" TYPE V-200 FP
WITH PILOT HOLE DRILLED TO SUIT ELECTRICAL CABLE.

O C.C.G. APPROVED MARINE ELECTRICAL
CABLE, APPROX 2' 0/DIA.

® FIRE RESISTANT SEALANT

_CONTINUOUS

WELD

INSULATION

15" 15 21" A

TEST SAMPLE NO. D-24A
ELECTRICAL CABLE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(PADC GRAP4IC 24)

USNC 142
ILL. 90
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SAMPLE D24/A60E

TEST DATE JUNE 10, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On cable, 1 in. above steel pipe.

5 On penetrant, at interface of steel pipe and cable.

6 On penetrant, 24 in. above steel plate.

7 On steel plate over insulation, 3 in. from penetrant.

8 On steel plate over insulation, 6 in. from penetrant.

9 On steel plate over insulation seam, 6 in. from
penetrant.

10 On steel plate over insulation, 12 in. from penetrant.

11 On steel plate over insulation seam, 12 in. from
penetrant.

12 On top of cable, on copper conductor.

USNC142
ILL. 91
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I1.S. CnAqT GiARn
UL Test No. 10 - D24/A60E

86NK8673/USNCI42
6-10-86

Teniper.-ture Diegrees F

CtHAN'NOS. 1 4limE
0: 0 77.7 17.8 77.8 ,G.i5

"4: 0 77.9 77.0 76.8 ;6.7
3: 0 78.5 78.4 27.2 ,,.'

12: 0 79.5 79.2 72.6 /; *

kw: 0 82.5 81.1 30.5 7:.1
L0" 0 86. 4 4.3 81.3
-4: 0 95.0 90.3 83.0 81.2
28" 0 110.0 101.2 88.1 86.3

0 130.2 120.0 94.0 89.7
36" 0 150.0 137.9 103.1 91.4
40: 0 166.2 152.5 113.G 96.1
414: 0 181.8 162.1 118.0 100.5
48: 0 190.7 177.2 124.1 104.8
52: 0 197.9 187.2 130.9 111.4
56: 0 200.4 138.G 136.2 119.0
60: 0 200.0 184.1 141.3 127.0

FILE USNC1i 2
ILL. 92
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1;,~ CnAS-T CGi agf
UL Test No. 10 - D24/A6OE

86NK8673/USNC142
6-10-86

Temperature Degrees F

CI-IN(NOS.) 
TIMEI
0: 0 7G.G /13.4 7" .9

4: 0 77.0 2.6 .780
8:3 0 78.4I 7G.9 80.5

12: 0 77.7 72.1 84.G NZ/

1G: 0 81.8 77.5 92.2 95.-.?

z0: 0 04.5 77.9 105.0 1l0.b
24: 0 37.0 78.7 1213.0 130.2

28: 0 88.2 29.6 143.4 Phi

32: 0 91.2 80.8 161.1 iG4.3

3G: 0 95.9 32.3 179.7 182.4

40: 0 101.5 84.8 198.8 200.3

44: 0 1OG. 88.0 215.3 21G.5

48: 0 110.9 90.9 230.4 231.3

52: 0 117.1 94.5 243.9 244.2
5G: 0 123.7 98.0 256.3 255.)
G0: 0 130.7 102.3 269.0 2GG.4

FILE USNC142
ILL. 92A
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UL Test No. 10 - D24/A60E
86NK8673/USNC142

6-10-86

Temperature Deg3rees F

CHAN(NOS.) 9 10 11 1
TIME
0: 0 28.8 -.2 79.2
4: 0 79.8 80.2 84.2 '7.8
8: 0 80.2 84.6 38.9 .. ,

12: 0 85.0 91.0 93.G 28.'
16: 0 92.4 96.4 100.6
20: 0 102.9 109.1 111.5 29.2
24: 0 119.2 125.1 126.5 80.1
28: 0 137.2 141.5 143.3 80.5
32: 0 153.8 155.9 159.0 81.4
36: 0 168.6 169.5 173.2 82.5
40: 0 185.8 184.5 187.0 84.4
44: 0 201.5 199.3 200.9 89.0
48: 0 215.5 212.7 214.3 91.9
t2: 0 227.8 224.G 226.1 93.2
56: 0 239.1 235.1 237.4 95.S
GO: 0 249.4 244.8 248.0 9.3

SAMPLE D24/A60E

UL TEST NO. 10
1400 . . . . -

I- 120
w

Z 100
hi

x so

'I.

I 40 -
0ij

o 200

20 . . . . .. . . . .:
O i0 20 30 40 50 s0

Time (In Mfnute)

Avg. temp curve
205 O. + Ambient(78 fr.) - 2S3 7.
328 F. + Amblent(7T F.) - 403 F.

405 r. + Ambient(78 F.) - 463 F.
- .Hot ohannel (T)
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T E S T R E C O R D D24/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D24/A60U and as shown in ILL. 93.

The fire and hose stream tests were conducted on
June 13, 1986 and identified by UL as Test No. 16.

RESULTS

Observations During Fire Test - All observations refer to

the unexposed surface unless noted.

Test Time, min Observations

2 The cable was burning on the exposed side.

9 Smoke issued from the periphery, the top of
the cable and from the top of the penetrant
insulation.

20 Smoke intensity in all areas decreased.

40 Smoke intensity at top of penetrant
insulation has increased.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 94.

The temperatures recorded during the fire test on the

unexposed surfaces are shown on ILLS. 95 through 95B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

C-213



D24/A60U
UL TEST NO. 16

O STEEL PLATE 36" X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALEN7)

® SEAMLESS STEEL PIPE, 2" NOMINAL
DIA. SCHEDULE 40.

® BRASS TERMINAL TUBE "KONDU" TYPE V-200 FP
WITH PILOT HOLE DRILLED TO SUIT ELECTRICAL CABLE.

O C.C.G. APPROVED MARINE ELECTRICAL
CABLE, APPROX 2" O/DIA.

QFIRE RESISTANT SEALANT

- CONTINUOUS

W E L D i sI 
N S U L A T IO N

15" 15 21" A

TEST SAMPLE NO. D-24A
ELECTRICAL CABLE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(R&OC GRJPHI. 2S)

USNC 142
ILL. 93
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SAMPLE D24/A60U
TEST DATE JUNE 13, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 on penetrant, 12 in. above steel plate.

4 On cable, 1 in. above steel pipe.

5 On penetrant at interface of cable and steel pipe.

6 On penetrant, 24 in. above steel plate.

7 At interface of penetrant insulation and steel plate
insulation.

8 On steel plate insulation, 6 in. from penetrant.

9 On steel plate insulation seam, 6 in. from penetrant.

10 On steel plate insulation, 12 in. from penetrant.

11 On steel plate insulation seam, 12 in. from penetrant.

12 On top of cable, on copper conductor.

USNC142
ILL. 94
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i.. Cn cr Fllan
UL Test No. 16 - D24/A60U

86NK8673/USNC142
6-13-86

Temperature Degrees F

CHAN(NOS.) 1 2 Z'
TIME
0: 0 72.4 72.9 2.54,_ . p3 1 .2 ,,4 0 7 32 , 7 73.2 )0.8
8: 0 ? . 6 25.4 74.8 --

12: 0 76.6 )2.3 6 .1 W4
16: 0 "'. '4 79.3S 7.4
L0" 0 82.9 84.0 78.2 95,
4: 0 97.3 96.8 81.2 109.1

28: 0 124.3 116.1 87.4 126.'
32 0 159.5 134.9 93.6 143.6
36: 0 181.Z 142.2 92.9 169.9
40: 0 202.9 158.1 102.9 185.3
44: 0 216.2 160.3 102.5 195.6
48: 0 225.4 176.8 111.2 203.)
52: 0 232.0 179.8 114.4 212.3
56: 0 243.5 189.4 117.9 221.1
GO 0 241.8 204.0 122.0 232.9

FILE USNIC142

ILL. 95
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II. CnAI IIII
UL Test No. 16 - D24/A60U

86NK8673/tUSNC142
6-13-86

Temperature Degrees F

6HANANS.) 7
I[ lA

0: 0 72.4 70.2 74.8 75.j
4: 0 71.8 70.5 75.3 RA
13: 0 7L.5 71.9 30.2 .

12: 0 93.5 74.3 86.1 i. :

16: 0 110.4 2G.0 93.5 1

20: 0 125.3 80.4 147.7 128Q/

24: 0 140.6 35.6 252.8 233.2

28: 0 157.2 94.4 365.5 3G2.1

32: 0 174.2 106.7 427.2 425.5

36: 0 193.6 120.6 448.6 454.6

40: 0 20G.1 137.G 45G.3 471.9

44: 0 217.5 154.0 458.3 487.1

48: 0 228.2 169.2 462.9 498.8

52: 0 240.0 182.3 449.1 509.4

56: 0 253.5 189.0 459.4 520.,

GO: 0 269.6 194,2 451.3 531.7

FILE USNC142
ILL. 95A
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H.S. CnA.T CItAgn
UL Test No. 16 - D24/A60U

86NK8673/USNC142
6-13-86

Temper,iture Degrees F

CHAN(NOS.) 9 10 1. 12
FIME

0: 0 74.1 74.0 71.6
14: 0 75.4 2G.G 7.4
8: 0 72.3 79.2 27.4 .

12: 0 81.0 83.8 80.8 ',3b.
io: 0 87.2 90.3 84.5 -5..
20: 0 109.5 119.9 93.9 72.4
24: 0 169.7 193.0 119.3 79.9
28: 0 241.6 258.G 161.1 81.1
32: 0 304.1 320.7 211.7 8G.8
3G: 0 31'.8 339.1 257.4 93.3
40: 0 335.0 358.7 291.5 98.1
44: 0 335.3 368.G 312.3z 105.7
48: 0 325.8 373.0 321.8 113.3
52: 0 330.0 385.3 329.9 123.0
56: 0 350.2 415.6 344.1 130.1
GO: 0 346.3 421.8 345.2 130.

SAMPLE D24/A6OU

UL TEST NO. 1 6
14001

I' 120

z
z 100
w

m so
IL.

a-- - - - - -

a 20

0 10 20 30 40 50 0

Tie (In Minute.)

Avg. temp eurve
250 F. + Amrblent(71 F.) - 321 F.
325 F. + Amblent(71 F.) - 30 F.
408 F. + Amblent(71 F.) , 476 F.

- - Not ehannel (#S)
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File USNCI42 Issued: 8-15-86

T E S T R E C O R D D24/AO

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D24/AO and as shown in ILL. 96.

The fire and hose stream tests were conducted on

June 19, 1986 and identified by UL as Test No. 26.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

5 The steel plate turned black in color and was
bowing downward.

6 The RTV sealant melted and dripped down on
the steel pipe. Smoke issued from the
interface of the cable and the steel pipe.

7 Smoke issued from the top of the cable. The
melting RTV sealant on the steel pipe was
issuing smoke.

15 The cable jacket at the interface of the

steel pipe was softening.

30 The smoke intensity decreased.

40 The smoke intensity increased at the
interface of the cable and the steel pipe.
The cable jacket by the steel pipe was
melting. The steel plate was glowing red.

54 The cable jacket was badly damaged at the
interface of the steel pipe.

60 Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 97.
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File USNC142 Issued: 8-15-86

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 98 through 08B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D24/AO
UL TEST NO. 26

O STEEL PLATE 36" X 36" X 3/16" THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

SEAMLESS STEEL PIPE, 2" NOMINAL
DIA. SCHEDULE 40.

BRASS TERMINAL TUBE "KONDU" TYPE V-200 FP
WITH PILOT HOLE DRILLED TO SUIT ELECTRICAL CABLE.

C.C.G. APPROVED MARINE ELECTRICAL
CABLE, APPROX2" O/DIA.

O FIRE RESISTANT SEALANT

5 32 12

CONTINUOUS
WELD

3" 15" 15" 21

TEST SAMPLE NO. D-24A
ELECTRICAL CABLE WITH
STEEL SPIGOT AND
BRASS TERMINAL TUBE

(RADc OAPHIC '3)

USNC 142
ILL. 96
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SAMPLE D24/AO

TEST DATE JUNE 19, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On cable, 1 in. above steel pipe.

5 On penetrant interface of cable and steel pipe.

6 On penetrant, 24 in. above steel plate.

7 On steel plate, 3 in. from penetrant.

8 On steel plate, 6 in. from penetrant.

9 On steel plate, 6 in. from penetrant.

10 On steel plate, 12 in. from penetrant.

11 On steel plate, 12 in. from penetrant.

12 On top of cable, on copper conductor.

USNC142
ILL. 97
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lq. CnA&T GliARn
UL Test No. 26 - D24/AO

86NK8673/USNC142
6-19-86

Temperature Degrees F

CHAN(NOS.) 12
TIME
0" 0 86.4 83.0 82.8 82.1
4" 0 1417.4 14.2 113.3 '3.5
8" 0 275.3 253.7 105.7 10,.:

12: 0 443. 366.1 265.2 l J 13,
16: 0 547.9 462.2 314.8 t5.3
20: 0 640.2 556.4 352.1 185."
24: 0 847.3 757.2 379.2 21D.3
, : 0 717.8 645.5 410.5 243.b
32: 0 707.6 621.7 436.0 264.3
36: 0 731.9 644.4 461.9 290.3
40: 0 754.5 666.2 481.2 314.1
44: 0 775.9 689.G 505.4 342.2
48: 0 789.6 707.5 521.8 36G.1
52: 0 803.6 724.8 539.1 39G.456: 0 817.5 741.5 554.4 450.?
60" 0 828.9 752.6 564.3 486.3

FILE IJSNC142
ILL. 98
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H.S. CQAAT GIIA I

UL Test No. 26 - D24/AO
86NK8673/USNC142

6-19-86

Temper.ture Degrees V

CHAN(NOS.) 5 G 7 8
TIME
0" 0 81.9 80.9 110.3 108.4
4: 0 88.G 8G.8 655.3 533.4
3: 0 103.7 101.6 1111.7 1025.4

12: 0 145.1 124.7 1217.0 1156.8
IG" 0 178.0 140.6 1282.5 1228.5
20: 0 237.5 157.2 1309.3 1258.8
24: 0 263.6 176.2 1339.8 1301.9
28: 0 282.5 197.4 1366.8 1334.8
32: 0 303.6 223.7 1395.6 1370.7
36: 0 333.7 241.2 1419.1 1398.0
40: 0 358.7 255.2 1434.2 1420.4
44: 0 389.7 221.3 1445.5 1440.3
48: 0 436.7 286.3 1463.7 1462.6
52: 0 503.5 302.1 1483.4 1491.7
56: 0 559,5 317.7 1499.5 1510.4
GO: 0 675.2 32G.3 1526.0 1527.2

FILE USNC142
ILL. 98A
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l ._ a as.T fGi ,,,n
UL Test No. 26 - D24/AO

86NK8673/USNC142
6-19-86

Temperature Degrees C

[HAN(NOS.4 1 10 11 12TIME

0: 0 110.3 108.9 107.3 81.0
4: 0 655.9 721.9 531.8 13 -. 9a: 0 1112.0 1193.4 954.2

i2: 0 1230.4 1275.7 1104.6 109
16: 0 1295.4 1328.5 1180.2 c .1Zu: 0 132.2 1359.2 1235.1
24: 0 13GG.3 1397.2 1276.2 149.4
28: 0 1399.9 1434.2 1311.8 168.6
32: 0 1436.7 1469.1 1351.6 191.1
3G: 0 1458.0 1500.7 1380.9 204.8
40: 0 1477.9 1523.7 1402.6 205.9
44: 0 1494.4 1547.9 1425.5 222.2
48: 0 1511.3 1570.4 1447.0 228.1
2: 0 1540.2 1593.1 1469.8 236.0

56: 0 1564.6 1603.6 1485.8 240.2
G0: 0 1579.1 1604.1 1494.3 250,1

SAMPLE D24/AO

UL TEST NO. 28
1400

120
w

de
z 100-

x 4 - - - - - - - -
= --- ----/ - - - -

Q 402 -

0 10 20 30 40 s0 00

Time (In Mlnutee)

Avg. temp ourve
280 F. + Amblent(82 P.) - 332 P.

398 O. + Amblent(82 F.) - 407 F.
408 O. + Amblent(82 F.) - 487 r.

Ht ehannel (El)
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File USNC142 Issued: 8-15-86

T E S T R E C 0 R D D25/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D25/A60E and as shown in ILL. 99.

The fire and hose stream tests were conducted on

June 5, 1986 and identified by UL as Test No. 4.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations*

45 Steam issued from the top of the duct. The
duct gasket material was melting and
dripping.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 100.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 101 through 101B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.

* A review of the above photographic documentation shows that smoke, recorded
in the above observation, did not pass through the penetrant.
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D25/A60E
UL TEST NO. 4

O STEEL PLATE 36'X 36'X 3/16' THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)® STEEL SPIGOT, 12* X 12'X 1/8 THICK,
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

1-1/2'X 1-1/2'X 1/8" STEEL ANGLE BAR,
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

® 3/8" DIA STEEL BOLTS, NUTS, AND WASHERS
@ 4 SPACING.

® 12" X 12"X 22G STEEL, VENT DUCT

® STEEL EXTERIOR CAP, 22G

O STEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP).

END CAPS TO BE A TIGHT FIT

1 5 " 30"4 3 6 7

CONTINUOUS D
WELD

ST EE SPIOT(RCT
12,6 30" 6"

IL 15"
18" 36"

T EST SAMPLE D-25A

VENT DUCT WITH
STEEL SPIGOT (RECT)

USNC 142
ILL. 99
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SAMPLE D25/A60E

TEST DATE JUNE 5, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at overlap of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate over insulation, 3 in. from penetrant.

8 On steel plate over insulation, 4 in. from penetrant.

9 On steel plate over insulation seam, 4 in. from
penetrant.

10 On steel plate over insulation, 8 in. from penetrant.

11 On steel plate over insulation seam, 8 in. from
penetrant.

12 On top of penetrant.

USNC142
ILL. 100
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UL Test No. 4 - D25/A6OE
86NK8673 /USNC142

6-5-86

1erperat'Jre De3rees F~

*1H AN NH OS'.) 1

0: 0 '. .970.1
4: 0 84.1 82.9 9 '. 3
B: 0 11 Ci.?/ 115.6 105.?

121: 0 162 161.0 142.0 1
16: 0 Z2,13.5 204.4 128.4 1
20: 0 255.8 141. 213.
24: 0 2.6.0 232 .8 450180.
28f: 0 3.5 1318.424. 1
32: 0 324.8 354.8 30G.3 2 4.0
36: 0 1408.1 38U.3 334-3 246.8
40: 0 442.5 417.0 Z59.7 26G6
44: 0 47G.3 448.0 383.4 284.8
4.8: 0 503.5 422.2 402.3 298.0
l:j2,: 0 531.4 494.4 417.9 302.8
56: 0 559.0 516.5 430.631.
G0: 0 582.2 53G.0 43.232.

FILE USNC142
ILL. 101
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il.S. CrnaT GiR
UL Test No. 4 - D25/A60E

86NK8673/USNC142
6-5-86

Temperature Dle3rees F2

CHAN(NOS.5 2
TI[ME
0: 0 69.0 69.0 70.1
4: 0 22.6 22.6 20.9
8: 0 99.5 130.8 . 0.

12: 0 130.1 120. 7 9 .5 (39.G
6: 0 161.9 14 .9 120.4 105.

20:0 192.6 1141 144.3 124.9Mi: 0 221.3 200.2 169.0 146.2
28: 0 248.4 225.0 194.8 169.2
32: 0 222.4 250.7 222.6 193.9
36" 0, 303.3 275.0 250.9 219.8
40: 0 327.5 295.3 276.2 247.5
44: 0 342.8 315.2 302.0 272.6
48: 0 3G5.0 330.0 325.8 29G.5
52: 0 379.0 341.9 348.3 318.2
56" 0 390.2 350.0 369.5 333.(
GO: 0 396.7 352.2 388.5

FILE USNC142
ILL. I01A
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1.S. CnAST (-a n
UL Test No. 4 - D25/A60E

86NK8673/USNC142
6-5-86

Tenperature [,ejrees F

9HN 003. 10 11 12
TIME
0: 0 7.5 20.0 20.3 G) u
4" 0 71.1 /1.4 20.2 1
8: 0 24.8 23.5 2.4

12: 0 83.9 28.1 U.5 .
is: 0 96.0 85.5 83.5
20: 0 111.5 94.2 92.4 213.4
24: 0 129.5 108.1 106.3 2 3 .
28: 0 149.4 124.0 122.2 ,59.4
32: 0 121.2 140.2 139.5 292.4
3G: 0 194.6 156.2 155.7 314.5
40: 0 217.9 125.2 124.2 333.6
114: 0 240.2 194.1 194.2 350.3
48: 0 2G2.3 213.3 213.0 3G4.0
52: 0 282.5 229.4 230.1 378.S
5G: 0 301.5 244.7 245.7
G0: 0 318.1 258.G 259.8 411-2

SAMPLE D25/A6OE

UL TEST NO. 4
1400

I- 120
w
Z 100
LaJ

x so

n, 40 " . . .-" - - - - - - - - - -

O 20 0-

2O 0 0 3 10 4 0 50 S

TIM* (in Minutes)

Avgl. temp curve
280 F. + Ambient(70 lr.) w, 320 F.

. .. 325 r'. + Ambient('70 r-.) - 395 Ir.
----- 405 F. + Amnbient(70 r-) - 476 F.

. Hot cha~mel9 (01

c-231
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File USNC142 issued: 8-15-86

T E S T R E C O R D D25/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D25/A60U and as shown in ILL. 102.

The fire and hose stream tests were conducted on
June 16, 1986 and identified by UL as Test No. 19.

RESULTS

Observations During Fire Test - All observations refer to

the unexposed surface unless noted.

Test Time, min Observations

3 Steam issued from the gasket at the interface
of the duct and spigot.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 103.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 104 through 104B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D25/A6OU
UL TEST NO. 19

O STEEL PLATE 36'X36"X 316* THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)OSTEELSPIGOT, 12* X 12*X 118' THICK,
ASTM A-53, GRADE A OR B (OR EQUIVALENT).O1- 112" 1l- 112"X 1/8w STEEL ANGLE BAR,
ASTM A-53, GRADE A OR B (OR EQUIVALENT)®318' DIA STEEL BOL TS, NUTS, AND WASHERS
@ 4- SPACING.

®12'X 12"X22G STEEL, VENT DUCT

®STEEL EXTERIOR CAP, 22G

SSTEEL SELF TAPPING SCREWS
()(12 REQUIRED PER CAP).

END CAPS TO BE A TIGHT FIT

7 6 5

1" 36" -

TEST SAMPLE D-25A
VENT DUCT WITH
STEEL SPIGOT (RECT)

(R*DC GRAP$4C 27)

USNC 142
ILL.102
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SAMPLE D25/A60U

TEST DATE JUNE 16, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at overlap of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate insulation, at interface of penetrant
insulation.

8 On steel plate insulation, 4 in. from penetrant.

9 On steel plate insulation seam, 4 in. from penetrant.

10 On steel plate insulation, 8 in. from penetrant.

11 On steel plate insulation seam, 8 in. fi-.u penetrant.

12 On top of penetrant.

USNC142
ILL. 103

C-234



H.S. Cc)AcT-(ehAfl
UL Test No. 19 - D25/A60U

86NK8673/USNC142
6-16-86

Temperature Degrees E

CHAN1.OS.23
T IME
A: 0 29.2 29.0 80.2 79
4: 0 80.7 81.1 79.5 9 .
8: 0 82.0 03.8 81.6 171A{
i:" 0 9 7A 85.7 84.6 :
W: 0 93.4 88.0 86.0 275A
20: 0 96.1 93.5 89.1
24: 0 108.5 97.2 92.5 05.2
L8 0 148.6 103.3 97.3 S85.6
Q: 0 227.4 114.0 103.9 412.2
36: 0 322.0 130.2 113.8 429.9
40: 0 411.3 154.0 128.2 449.1
44: 0 485.7 187.2 147.5 4G0.0
48: 0 540.7 232.0 171.3 467.0
52: 0 579.6 288.4 198.6 470.9
56: 0 606.3 344.0 222.9 476'
GO: 0 624.5 385.0 256.1 483.2

FILE USNC14Z

ILL. 104
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(,.n, CnT CLIRn
UL Test No. 19 - D25/A60U

86NK8673/USNC142
6-16-86

Temperature fe3rees F

CHA(NS.) 5

TIME
0: 0 78.7 78.9 78.3 9.0
4 0 98.1 97.2 7B. .
8:0 194.4 180.9 81.; 9

12: 0 285.0 251_ .2 9G. 5 12, .j
1G: 0 372.2 320.4 108.1 ' 2
.0: 0 453.7 381.1 121.1 I29.1
24: 0 526.0 434.7 280.2 218.0
28: 0 582.0 47G.1 618.3 390.9
32: 0 623.2 507.0 943.6 551.1
3G: 0 652.9 528.7 996.1 G40.4
40: 0 681.8 551.4 1038.6 689.3
44: 0 ?08.4 568.8 1071.9 721.2
48: 0 722.0 579.6 1097.1 743.9
52: 0 729.0 583.3 1112.4 7614.4
56: 0 739.5 592.5 1137.0 281.3
G0: 0 752.1 601.8 1155.0 794.7

FILE USNC1l42

ILL. 104IA
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U .S. ('r)A-T Gaan
UL Test No. 19 - D25/A60U

86NK8673/USNC142
6-16-86

Temperature Degrees F

CHIAN(NOS.> 9 10 11 12
TIME
0: 0 79.4 80.2 80.1 C.2
4: 0 80.5 80.6 80.9
8: 0 84.7 83.6 82.0 265.4

12: 0 98. 2 21 93.4 09.6 J
IG: 0 107.9 99.3 94.7 388.-
20: 0 144.4 155.7 9G.7 430.5
24: 0 242.1 287.1 117.9 463.5
28: 0 420.3 4G4.7 168.3 490.1
32: 0 GGG.9 583.3 242.3 510.9
3G: 0 850.9 635.9 312.5 521.2
40: 0 934.7 667.2 359.3 552.1
44: 0 974.9 691.9 389.1 580.7
48: 0 1003.6 713.6 410.9 586.3
52: 0 1025.8 732.6 429.7 584.3
56: 0 1042.9 748.3 446.8 595.5
G0: 0 1057.1 759.9 463.5 605.5

SAMPLE D25/A60U
UL TEST NO. 19

1400 F

I" 120
w
z 100-
Im

x so

A, 400 -- - - - - - ---- ,* "

w
0 20

10 20 30 40 50 so

Time (in Minutee)

Avg. temp curve
250 r. + Amblent(7S 7.) - 329 f.

. . 325 F. + Amblent(70 F.) - 404 7P.
405 r. + Ambient(?O F.) - 464 r .

- -. ot channel (8)
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D25/AO

SAMPLE:

The fire and hose stream tests were conducted on the
assembly .deitified as D25/AO and as shown in ILL. 105.

The fire and hose stream tests were conducted on
June 10, 1986 and identified by UL as Test No. 9.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

2 The gasket material on the exposed side was
melting and dripping into the furnace.

9 The steel plate turned black in color. Steam

was issued from the gasket.

19 The steel plate was bowing downward.

34 The steel plate was glowing red.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 106.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 107 through 107B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D25/AO
UL TEST NO. 9

O STEEL PLATE 36* X 36" X 316' THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT)® STEEL SPIGOT, 12* X 12"X 1/8 THICK,
ASTM A-53, GRADE A OR B (OR EUIVALENT).

® 1-1/2"X 1-1/2"X 1/8" STEEL ANGLE BAR,
ASTM A-53, GRADE A OR B (OR EQUIVALENT)

® 3/8" DIA STEEL BOLTS, NUTS, AND WASHERS
@ 4- SPACING.

O 12'X 12'X 22G STEEL, VENT DUCT

O STEEL EXTERIOR CAP, 22G

O STEEL SELF TAPPING SCREWS
(12 REQUIREL) PER CAP).

END CAPS TO BE A TIGHT FIT

7 6 5 3431 3 4 ~5 67

CONTINUOUS
WELD

3"3-

12" 6"f 30" 6"
18" - 36"*

TEST SAMPLE 0-25A
VENTDUCTWTH

STEEL SPIGOT (RECT)

USNC 142

ILL.105
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SAMPLE D25/A0

TEST DATE JUNE 10, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at overlap of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate, 3 in. from penetrant.

8 On steel plate, 4 in. from penetrant.

9 On steel plate, 4 in. from penetrant.

10 On steel plate, 8 in. from penetrant.

11 On steel plate, 8 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 106
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H.S. Cnlam" GHIARn
UL Test No. 9 - D25/AO

86NK8673 /USNC142
6-10-86

Temper.ature Degrees F:

CHAN(NOS. ) 1 .

T I ME
0 0 77.5 77.1 76.5 74.0
4: 0 143.3 116.2 105.4 -!, 3
8: 0 323.4 265.1 207.6 25.1

12: 0 541.7 463.1 348.7 ANw
16: 0 702.4 621.9 471.2 77.4
20: 0 799.4 222.0 554.5 AA
24: 0 838.5 774.8 602.6 )9.2
28: 0 824.4 811.1 G38.0 80.6
32: 0 904.4 840.7 664.2 82.5
3G: 0 932.5 865.3 689.0 82.7
40: 0 949.0 882.2 704.4 83.5
44: 0 966.5 899.1 217.5 82.8
48: 0 982.1 912.6 732.1 83.4
52: 0 995.2 924.1 742.5 84.9
56: 0 1005.3 933.2 248.1 84.6
60: 0 1018.4 945.7 758.8 36.8

FILE USNC142

ILL. 10
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H.S. CnA& T CIARn
UL Test No. 9 - D25/AO

86NK8673/USNC142
6-10-86

Temperature De3rees F

CHA6(NOS.) 5 2 ,
TIME
0: 0 7'. 2 50 277 7-3 '

4" 0 99.1 94.2 422.5 334.7
8: 0 176 .0 156.1 766.8 6

12: 0 L/6.2 235.2 1059.8 100, 4
1G: 0 370.9 308.4 1174.1 11i.?

Z0: 0 438.3 362.6 1242.8 1213. 4
24: 0 479.3 401.0 1289.9 1257.2
28: 0 508./ 428.3 1322.0 1297.3
32: 0 535.9 449.1 1364.2 1334.?
36: 0 555.9 465.9 1401.6 1322.7
40: 0 520.6 477.0 1428.9 1401.2
44: 0 580.7 484.2 1453.0 1427.5
48: 0 593.1 492.8 1424.2 1449.6
52: 0 601.2 500.0 1491.4 1168.0
56: 0 608.2 506.0 1508.1 1487.4
60: 0 614.5 508.1 1520.1 1501.9

FILE USiC142

ILL. 107A
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l.. CnAT (4 uaII
UL Test No. 9 - D25/A0

86NK8673/USNC142
6-10-86

Temperature Dle3rees E

CHAN(NOS.) 9 10 11 12
TIME
0: 0 79.4 03.8 .
4: 0 462.4 409.7 382.0 t27.6
8: 0 854.2 719.4 38.8

1" 0 1089.7 961.6 929.2 2j04
16: 0 1190.6 1082.9 1041.3
20: 0 1241.4 1159.2 1102.1 J61.l
24: 0 1269.0 1200.3 1138.0 401.8
28: 0 1318.5 1245.9 1181.5 413.1
32: 0 1351.7 1285.7 1216.8 430.2
3G: 0 1383.3 1316.3 1246.6 440.5
40: 0 1408.4 1340.5 1275.2 450.0
44: 0 1429.0 1362.8 1298.1 459.0
48: 0 1453.7 1380.7 1320.2 470.2
52: 0 1468.4 1396.8 1335.7 469.4
5G: 0 1485.2 1412.6 1351.7 471.3
60: 0 1503.3 142G.9 1370.8 421.2

SAMPLE D25/AO

UL TEST NO. 9
14O0, T

120

z 100 ". .. .

:][ 801" "

< z40 - --- -- --- -- --- -- - - - - - - - - --

w

S20-

IL . . . .

a 10 20 30 40 so so

Time (In Mlnutee)

Avg. temp eurve
250 r . + Amblent(7T F.) w 320 F.
325 P. + Amblent(C7 F.) - 401 Fr .

405 F. + Amblent(7@ r.) - 481 Fr .

Not channel (#1)
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D26/A60U

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D26/A60U and as shown in ILL. 108.

The fire and hose stream tests were conducted on
June 14, 1986 and identified by UL as Test No. 18.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

5 Steam issued from the top of the duct.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Asserdly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 109.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 110 through 1IOB.

Pressure Record - At the start of the fire test, the
pressure within the small-scale test furnace was -0.01 in./H 20
(-2.5 Pa)-L Within 30 seconds, the pressure was +0.005 in./HO
(+1.24 Pa). Throughout the remainder of the fire test, the
pressure recorded +0.01 in./H 20 (+2.5 Pa).

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D26/A60U
UL TEST NO. 18

O STEEL PLATE36'X36'X3/16 THICK
ASTM A-53, GRADE A ORB (OR EQUIVALENT)

OSTEEL SPIGOT, 12-1/2" INSIDE DIAMETER X 1/8- THICK,
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

® 12' NOMINAL DIAMETER, STEEL SPIRAL-WOUND, VENT
DUCT (SPIRO METAL 24G OR EQUIVALENT).

®STEEL INTERIOR CAP, 24G.

SSTEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP).

®FIRE RESISTANT SEALANT,

END CAPS TO BE A TIGHT FIT

3,~T

6 6

ILL 10

C-23-

, --L3"

INSULATION-
3 " 6 "

15" 30" 6

18" 36"

STESTSAMPLE D-26A VENTDUCT

PASSING TH4ROUGH STEEL SPIGOT
~(fDc aNAM C 3o)

UISNC 142
ILL. 108
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SAPLE D26/A60U

TEST DATE JUNE 14, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at interface of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 At interface of steel plate insulation and penetrant
insulation.

8 On steel plate insulation, 4 in. from penetrant.

9 On steel plate insulation seam, 4 in. from penetrant.

10 On steel plate insulation, 8 in. from penetrant.

11 On steel plate insulation seam, 8 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 109
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IL.- (nA nA -;n
UL Test No. 18 - D26/A60U

86NK8673 /USNC142
6-14-86

Temperatire Degrees F

CHAYNtOS.) 1 3 4
TIME
0: 0 1.6 72.3 0.9
4: 0 722.2.6 21.2 7.4
3: 0 73.6 7301 73.' 1,.4

12: 0 76.8 26.1 V4.6 [ .
.... 78.7 2G.2 192.416: 0 8..

20: 0 89.3 82.9 22.5 242.A
24" 0 93.1 90.9 80.9 285.3
28: 0 109.1 105.4 83.8 323.0

32: 0 172.6 127.3 90.7 352.0

36: 0 260.8 150.4 9G.6 386.0
40: 0 ,74.4 178.3 105.8 413.5
44: 0 498.3 214.7 112.1 438.6
48: 0 564.6 2G3.2 129.8 459.7
S2: 0 585.5 314.8 142.6 49.2

, : 0 587.0 353.6 169.5 497.0
60: 0 594.4 37G.4 195.2 5A,

FILE USNC142
ILL. 1i10

C-247



H.S. CnAIIT ( IIA I
UL Test No. 18 - D26/A60U

86NK8673/USNC142
6-14-86

Temper 3ture fe.3rees E
CHAN"NOS.) 2

T IME
07 0: 0 3. 1

4" 0 278.3 12G. .4.2 2, 7 .
8: 0 104.1 22.8 6. J
L : 0 1600 1.0 84.0 ,
16: 0 220.1 367.5 93.6 0.
zO: 0 279.6 409.4 101.6 95.6
24: 0 335.2 434.6 140.6 123.228:0 384.2 461.2 2.. 184.6
32: 0 429.4 489.4 389.2 276.2
3G: 0 471.5 515.9 521.6 370.G
40: 0 513.0 539.8 620.7 439.7
44: 0 554.4 561.0 673.7 482.1
48: 0 592.2 580.8 699.4 511.2
52: 0 624.0 594.7 718.2 53G.4
56: 0 G49.6 606.6 734.6 55.,..8.7
G0: 0 667.9 617.0 749.8 529.-

FILE USCIC142
ILL. 110A
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LI.CnAS;T Ciiagf
UL Test No. 18 - D26/A60U

86NK8673 /USNC142
6-14-86

Temperatjre De3rees E

CHAN(NUS.) 9 10 11 .2
TIME
0: 0 75.9 23.9 75.2 ,0.
4: 0 26.0 7G.4 29.G 14.9
8: 0 82.1 2G.G 96.9 2b.'

11: 0 97.9 81.2 149.5 
16: 0 139.1 85.3 251.3 408.1
20: 0 228.1 90.5 389.7 45i0.9
24: 0 365.7 104.9 1324.2 468.4
28: 0 448.5 140.5 634.2 499.9
32: 0 512.8 190.9 737.4 527.4
3G: 0 5G4.1 239.5 815.5 55G.G
40: 0 606.0 273.5 847.9 571.3
44: 0 637.1 297.5 880.3 594.0
48: 0 GG.1 307.9 914.3 G10.1
52: 0 683.6 323.0 946.1 G19.9
5G: 0 704.3 335.0 971.6 631.[
GO: 0 /22.4 343.6 991.9 G40.5

SAMPLE D26/ABOU

UL TEST NO. 18
I 400

120

z 100 -

40 - - - - -"--

Avg . tI.. curwo

. 230 F
. 

+- Armblent(74 .) - 324 F.
325 Ft. + Amlont(54 F.) -0 3 0.

405 F. + Amblent(74 F.) - 473 F.
Hot channel (#1I)

Het channel (012)
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File USNCI42 issued: 8-15-86

T E S T R E C O R D D26/A60E

SAMPLE:

The fire and hose stream tests were conducted on the
assembly identified as D26/A60E and as shown in ILL. 111.

The fire and hose stream tests were conducted on
June 18, 1986 and identified by UL as Test No. 23.

RESULTS

Observations During Fire Test - All observations refer to

the unexposed surface unless noted.

Test Time, min Observations

41 No significant changes had occurred.

42 Light steam issued from the top of the steel
duct.

60 No other significant changes occurred during
the remainder of the fire test. Test
terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 112.

The temperatures recorded during the fire test on the
unexposed-surfaces are shown on ILLS. 113 through 113B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D26/A60E
UL TEST NO. 23

OSTEEL PLATE 36"X 36" X 3/16' THICK
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

® STEEL SPIGOT, 12-112- INSIDE DIAMETER X 1/8- THICK,
ASTM A-53, GRADE A OR B (OR EQUIVALENT).® 12" NOMINAL DIAMETER, STEEL SPIRAL-WOUND, VENT
DUCT (SPIRO METAL 24G OR EQUIVALENT).

® STEEL INTERIOR CAP, 24G.

® STEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP).

® FIRE RESISTANT SEALANT

END CAPS TO BE A TIGHT FIT

6" 

INSULA

TEST SAMP D-6AMVNDC
MI C GR'01 0

............ .. ........

!!... :, . ..... 3I3'

3 " 1 5 " _ " I N S U A T I O N 0 "6

lo w 36"

STEST SAMPLE D-26A VENT DUCT
PASSING THROUGH STEEL SPIGOT

~~~(R&Vc GRAPWC J]

USNC 142
ILL. 111
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SAMPLE D26/A60E

TEST DATE JUNE 18, 1986

T.C. Location

1 On penetrant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 Cn penetrant, at interface of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate over insulation, 3 in. from penetrant.

8 On steel plate over insulation, 4 in. from penetrant.

9 On steel plate over insulation seam, 4 in. from
penetrant.

10 On steel plate over insulation, 8 in. from penetrant.

11 On steel plate over insulation seam, 8 in. from
penetrant.

12 On top of penetrant.

USNC142
ILL. 112
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U.S. (nASqT iian
UL Test No. 23 - D26/A60E

86NK8673/USNC142
6-18-86

Temperature Degrees F

CHAN(NOS.) 24TIME

0: 0 77.5 71.2 76.5 4.0
4: 0 73.2 72.9 72.7
8: 0 32.3 81.7 :30.8 ;6. C

12: 0 116.4 102.9 99.1 1'7.5
I6: 0 133.5 136.8 128.5 198.5
20: 0 177.8 175.9 iG13.6 23.
24: 0 220.4 218.0 200.2 262.0
28: 0 260.G 257.8 236.0 288.5
32: 0 301.2 29G.0 2G9.1 310.9
36: 0 338.6 332.6 298.7 330.8
40: 0 324.5 365.4 324.5 347.8
44: 0 410.0 398.0 347.3 358.2
48: 0 441.1 426.7 367.9 368.6
52: 0 466.8 449.3 385.G 330.2
5G: 0 490.8 471.3 401.2 387.
GO: 0 510.0 487.5 414.7 S98.6

FILE USNC142

ILL. 113
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H.S. CriAST ,IIAR
UL Test No. 23 - D26/A60E

86NK8673 /USNC142
6-18-86

Temperature flegrees F

CHAN(NOS.) 5 8T IM E117

0 :0 25.2 25.0 7.2 -,2
4: 0 20.9 70.8 71.92,. I
8: 0 22.7 26.: 24.8 .

12: 0 91.3 89.2 83.8 /9.9
1G: 0 I11.2 109.1 98.8 U-.
,20: 0 139.5 134.1 120.2 102.3
24: 0 IG8.4 IG2.1 146.6 121.G
28: 0 196.6 186.3 177.2 144.0
32: 0 223.2 210.2 210.5 167.0
36: 0 24/.2 232.0 244.2 192.2
40: 0 2G8.4 251.2 278.6 218.5
44: 0 285.9 26G.9 311.8 244.3
48: 0 301.3 280.4 343.5 270.1
52: 0 314.3 291.9 373.4 294.1
5G: 0 327.0 301.9 400.2 315.3
GO: 0 337.3 310.8 425.1 334.3

FILE USNC142

ILL. 113A
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II).r CnAST GIIAgn
UL Test No. 23 - D26/A60E

86NK8673/USNC142
6-18-86

Temper.atuxre Degrees F

CHIN(N0S. I10 11 12
TIME
0: 0 /9.4 28.8 29.3 Ta,. ,
4: 0 23.1 69.0 72.G 95.4
8. 0 75.6 39.8 74.9 1,3.9

12: 0 81.5 69.1 79.1 .:3g.4
16: 0 91.6 71.1 85.2 226.0
,0: 0 103.9 20.0 93.2 269.0
241: 0 122.0 71.1 106.4 289.2
28: 0 143.0 71.7 123.1 316.4
32: 0 165.5 71.9 141.0 332.6
3,6: 0 191.0 72.4 157.9 355.4
40: 0 217.2 72.9 176.6 373.4
44: 0 242.8 73.3 197.7 384.1
48: 0 267.9 73.7 217.4 397.3
52: 0 293.7 74.4 235.9 410.1
56: 0 315.6 75.1 253.3 417.G
GO: 0 336.4 75.2 269.2 422.6

SAMPLE D26/A6OE
UL TEST NO. 23

1400 ,,,, • • • '

- 120
w
x
Z 100
w

ZA 800! w

W 6
a 40o - -. - - - - -- - - -

i 20

20 30 40 so so

Time (in Mlnutea)

Avg. temp curve
250 r. + Amblent(e r.) - 326 r.
328 P. + Amblent(70 O.) - 401 P.
405 F. + Ambtnt(e F.) - 461 F.
Net ohannel (W1)
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File USNC142 Issued: 8-15-86

T E S T R E C O R D D26/AO

SAMPLE:

The fire and hose 6tream tests were cond'ictcd on the
assembly identified as D26/AO and as shown on ILL. 114.

The fire and hose stream tests were conducted on
June 11, 1936 and identified by UL as Test No. 11.

RESULTS

Observations During Fire Test - All observations refer to
the unexposed surface unless noted.

Test Time, min Observations

7 The RTV sealant on the exposed side was

heavily charred.

12 The steel plate was black in color.

26 The steel plate was bowing downward.

60 No significant changes occurred during the
remainder of the fire test. Test terminated.

Temperature Of The Assembly - The locations of the
thermocouples used to measure the various temperatures on the
deck assembly are shown in ILL. 115.

The temperatures recorded during the fire test on the
unexposed surfaces are shown on ILLS. 116 through 116B.

HOSE STREAM TEST:

No water passed through the assembly during the hose stream
test.

Pictorial History - Photographs were taken before, during and after
the fire test.
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D26/AO
LTEST NO. 11

OSTEEL PLA TE36X36"X3116' TH-ICK
ASTMW A-53, GRADE A OR B (OR EQUIVALENT).OSTEEL SPIGOT, 12-11,2- INSIDE DIAMETER X 118- THICK,
ASTM A-53, GRADE A OR B (OR EQUIVALENT).

S12- NOMINAL DIAMETER, STEEL SPIRAL-WOUND, VENT
DUCT (SPIRO METAL 240 OR EQUIVALENT).®STEEL INTERIOR CAP, 24G.

®STEEL SELF TAPPING SCREWS
(12 REQUIRED PER CAP).

®FIRE RESISTANT SEALANT

END CAPS TO BE A TIGHT FIT

3 VNT DU~r To BE A4 y~ 3( 6 , 2 3PUS14MT ASIDE 5

6

3.-- -- - --_ -------------------- __ ---------_ ----

18" 36"

TEST SAMPLE D-26A
VENT DUCT PASSING
THROUGH STEEL SPIGOT

(Raoc GRAp~ .141

UISNO 142
ILL. 114

C-257



SAMPLE D26/A0

TEST DATE JUNE 11, 1986

T.C. Location

1 On pene~-ant, 4 in. above steel plate.

2 On penetrant, 6 in. above steel plate.

3 On penetrant, 12 in. above steel plate.

4 On penetrant, at interface of steel spigot and duct.

5 On penetrant, 18 in. above steel plate.

6 On penetrant, 24 in. above steel plate.

7 On steel plate, 3 in. from penetrant.

8 On steel plate, 4 in. from penetrant.

9 On steel plate, 4 in. from penetrant.

10 On steel plate, 8 in. from penetrant.

11 On steel plate, 8 in. from penetrant.

12 On top of penetrant.

USNC142
ILL. 115
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I.S. Cn&A.--T fliDiagn
UL Test No. 11 - D26/AO

86NK8673/USNCI42
6-11-86

Temperature Degrees F

CHAN(NOS.) 1 2 3
IT ME
0: 0 82.6 :32.4 81.5 30.0
4: 0 110.8 94.1 86.4 U[0 .
8" 0 210.6 158.5 115.2 137.3
.2" 0 326.0 293.3 193.4 .37

I.6: 0 522.5 431.3 286.3 304.3
20: 0 624.4 531.5 364.0 3J48.7
24" 0 703.7 611.5 428.0 381.1
28: 0 760.14 673.1 476.3 401.1
32: 0 802.3 723.5 515.8 427.9
36: 0 837.7 7G.0 549.8 446.3
40: 0 864.7 791.4 578.7 465.Q
44: 0 890.4 818.3 G04.0 479.1
48: 0 912.0 836.G 629.3 490.7
52: 0 927.6 852.7 646.9 502.1
56: 0 945.9 869.2 665.2 510.1
GO: 0 958.7 880.9 676.8 '20.2

FILE USNC142
ILL. 116
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Hl.S. CnA_%T alAgrn

UL Test No. 11 - D26/AO
86NK8673/USNC142

6-il-86

Temperature Degrees F

CLAN(NOS.) 5 6 7 3
T iME
0: 0 81.1 79.8 84.2?4.~
4: 0 83.2 82.4 2'27.1 224,8.1
8: 0 102.1 97.0 G42.0 634.1)

12: 0 153.3 134.6 949.9 978.9
LG: 0 21G.0 185.0 1034.9 10i55'
20: 0 275.6 232.9 1140.9 .1137.b
24: 0 3.5 24.1 1188.3 1192.4
28: 0 367.7 310.4 1244.3 1249.0
S2: 0 402.4 339.7 1294.5 1298.1
3G: 0 431.8 364.5 1332.4 1335.2
40: 0 1456.9 386.9 1362.5 1372.L
414: 0 475.1 403.9 1400.7 1405.7
48: 0 492.7 418.1 1428.5 1432.0
52: 0 507.3 429.2 1459.2 1461.0
56: 0 521.7 439.5 1478.1 1478.1
GO: 0 533.1 449.2 1496.8 14V7.2

FILE USNC142
ILL. 116A
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il.- C("-T (iiAn
UL Test No. 11 - D26/AO

86NK8673/USNC142
6-11-86

Temper3ture De3rees F

CHAN(NOS.) 9 10 11 12
TiME
0: 0 85.5 84.3 85.5 80.0
4: 0 315.5 254.2 228.1 I25.(j
3: 0 672.5 550.7 595.3 212.5

12: 0 925.2 795.7 830.4 zg4.
16: 0 1034.7 925.2 952.9 J7
20: 0 1104.' 1007.3 1023.7 365.b
24: 0 1156.2 1059.4 1081.1 387.4
28: 0 1212.4 1110.9 1138.3 405.9
32:0 1262.2 1155.4 1184.0 424.2
36: 0 1313.6 1197.5 1231.7 430.1
40: 0 1346.3 1228.8 1271.5 441.0
44: 0 1380.0 1260.9 1303.7 454.3
48: 0 1405.9 1286.2 1324.8 464.1
52: 0 1431.2 1308.9 1352.1 4)2.8
56: 0 1449.2 1327.9 1373.7 480.G
GO: 0 14GG.8 1341.3 1391.5 489.8

SAMPLE D26/AO

UL TEST NO. 11
140

- 120

Z 100

W 40 - - - - -- -

S 20"

10 20 30 40 30 so

Time (In MInutes)

Avg. tamp curve
280 F. + Ambient(ill Ir.) - 331 fr .

....-. 328 F. + Amblent(81 P.) w 406 F.
405 P. + Ambtent(G1 F.) - 486 r .

Met channel (fI)
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APPENDIX A

PHOTOGRAPHIC RECORD

The photographic record consists of photographs of the fire
side (exposed side) and the nonfire side (unexposed side) of each
test sample before the fire test, photographs of the nonfire side
at 5 min intervals during each fire test, photographs of the fire
side and nonfire side of each sample after the fire test,
photographs of each sample during the water stream test and
photographs of the fire side and nonfire side after the water
stream test. The photographic record was placed in three ring
binders identified as Vol. 1, Vol. 2 and Vol. 3. Vol. 1 contains
photographs of samples identified as D3/A60U, D4/A60E, D4/A60U,
D5/A60U, D6/A60U, D9/A60U, D10/A60E, D10/A60U, D10/A0, D1I/A60U,
D14/A60E, D14/A60U, D14/AO, DSI/A60U and D16/A60U. Vol. 2
contains photographs of samples identified as D17/A60E, D17/A60U,
D17/AO, D19/A60-9U, D19/A60-6E, D19/A60-6U, D19/A60-3E&U,
D21/A60U, D22/A60E, D22/A60U, D22/AO, D23/A60E and D23/A60U.
Vol. 3 contains photographs of samples identified as D23/A0,
D24/A60E, D24/A60U, D24/AO, D25/A60E, D25/A60U, D25/AQ, D26/A60U,
D26/A60E and D26/AQ. At the request of the USCG, only one
"Photographic Record" was obtained for the original copy of this
Report. All other copies of this Report will only contain this
page.
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