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Introduction

(This introduction is not part of IEEE Std 848-1996, |IEEE Standard Procedure for the Determination of the Ampacity
Derating of Fire-Protected Cables.)

Many cable installations in nuclear and fossil fuel generating stations require the installation of fire stop, fire
protective materials, coating, and electrical separation wrap materials over the cables or the raceway for fire
protection or electrical separation purposes. Appendix R of the Code of Federal Regulations for Nuclear
Equipment may require some electrical circuits enclosed in a fire-protective material. IEEE Std 634-1976
specifiesrequirementsfor cable penetration fire stops at fire rated walls and floors. Compliance with |EEE Std
384-1992 may require installation of awrap material over free air-drop cables or solid covers on cable trays.

Building codes for commercial and industrial facilities in some states require power cables, used in emer-
gency power systems, to remain functional during a fire exposure. This may also necessitate the use of the
fire protective material.

As discussed in |[EEE Std 690-1984, utility generating stations use cable ampacities provided in IEEE 835-
1994 for conduits, spaced cable tray installations, and duct bank installations. NEMA WC51-199V/ICEA P-
54-440 is used for cable installation in random filled open-top trays. Commercial, industrial, and non-utility
owned generating stations utilize cable ampacities published in NFPA 70-1996, National Electric Code®
(NEC®). The NEC permits the use of IEEE Std 835-1994 and NEMA WC51-1991/ICEA P-54-440 under
the direction of engineers.

Fire-protection related products may reduce the heat transfer characteristics associated with the ampacities
provided in |EEE Std 835-1994 and NEMA WC51-1991/I CEA P-54-440. In future revisions, these ampacity
standards may incorporate these new installation conditions on cable ampacity. Not al products, however,
may be covered by changesin the ampacity standards dueto their limited use to the generating station market.
Hence, ampacity testing to determine ampacity derating of fire-protected cable systems is necessary.

Several analytical cable ampacity methods are listed in the bibliography to address fire stops, tray enclosure
materials, and cable wrap material. The user may consider the applications of these analytical methods to
avoid testing of minor differences in the installation of a given product.
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IEEE Standard Procedure for the
Determination of the Ampacity
Derating of Fire-Protected Cables

1. Overview

1.1 Scope

This standard provides a detailed test procedure for determining the ampacity or derating factor in the fol-
lowing cable installation configurations:

— Block-out or sleeve type cable penetration fire stops

— Conduits covered with a protective material

— Tray covered with a protective material

— Cabledirectly covered or coated with afire-retardant material
— Free-air drops enclosed with a protective material

The standard is applicable to cables installed and sized to IEEE Std 835-1994 for conduits and free-air
drops, and NEMA WC51-1991/ICEA P-54-440 for cable tray.1 |EEE Std 835-1994 does provide ampacities
for cablesin atray with afixed spacing and may be used for cable penetration fire stop configurations only.

This standard does not endorse the use of or provide application guidance for the installation of cable pene-
tration fire stops and fire-protective materials. Cable designs are available that can withstand and remain
functional during direct exposure to afire. The user should refer to IEEE Std 634-1978 for the qualification
requirements of cable penetration fire stops.

1.2 Purpose

The purpose of this standard is to provide a test procedure for use in establishing the ampacity or ampacity
derating factor for cables installed in fire-protected conduits, trays, or free-air drops, cable penetration fire
stops, or electrical separation wrap systems.

L nformation on references can be found in clause 2.
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2. References

This standard shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the revision shall apply.

|EEE Std 100-1992, The New |EEE Standard Dictionary of Electrical and Electronics Terms (ANSI).2
|EEE Std 384-1992, |EEE Standard Criteria for Independence of Class 1E Equipment and Circuits (ANSI).
|EEE Std 634-1978, | EEE Standard Cable Penetration Fire Stop Qualification Test.

|EEE Std 690-1984, | EEE Standard for the Design and Installation of Cable Systemsfor Class 1E Circuitsin
Nuclear Power Generating Stations.*

IEEE Std 835-1994, |EEE Standard Power Cable Ampacity Tables.

NEMA WC3-1992/ICEA S-19-81, Rubber Insulated Wire and Cable for the Transmission and Distribution
of Electrical Energy.®

NEMA WC7-199V/ICEA S-66-524, Cross-Linked Polyethylene Insulated Wire and Cable for the Transmis-
sion and Distribution of Electrical Energy.

NEMA WCB8-1991/ICEA S-68-516, Ethylene-Propylene Insulated Wire and Cable for the Transmission and
Distribution of Electrical Energy.

NEMA WC51-1991/ICEA P-54-440, Ampacities of Cablesin Open-Top Trays.
NFPA 70-1996, National Electrical Code® (NEC®).%

Code of Federal Regulations, 10, Part 50, Appendix R, Fire Protection Program for Nuclear Power Facilities
Operating Prior to Jan. 1, 1979.”

3. Definitions

3.1 ampacity derating factor: A numeric value representing the fractional reduction from a base ampacity
cable rating. Ampacity derating factors are associated with specific installation conditions not presently
addressed in the base ampacity.

3.2 ampacity correction factor: A numeric value equal to one minus the ampacity derating factor.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway,
NJ08855-1331, USA.

SIEEE Std 634-1978 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Engle-
wood, CO 80112-5704, USA, tel. (303) 792-2181.

4IEEE Std 690-1984 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Engle-
wood, CO 80112-5704, USA, tel. (303) 792-2181.

SNEMA publications are available from the National Electrical Manufacturers Association, 1300 N. 17th St., Ste. 1847, Rosslyn, VA
22209, USA.

SNFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, PO. Box 9101,
Quincy, MA 02269-9101, USA.

"This document is available from the Superintendent of Documents, U. S. Government Printing Office, P. O. Box 37082, Washington,
DC 20013-7982.
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3.3 cable penetration fire stop: Material, devices, or an assembly of parts providing cable penetrations
through fire-rated walls, floors, or floor-ceiling assemblies, while maintaining required fire rating.

3.4 cable tray: A raceway resembling a ladder and usually constructed of metal. Other styles of trays
include solid-bottom and channel type.

3.5 fire-protected cable systems: Cable systems to which a fire-protective enclosure material has been
applied either in direct contact with the cables or applied over the raceway to protect cables from fire.

3.6 fire-retardant coatings: Material applied along the length of cables or in localized areas, as deemed
necessary, to retard the flame propagation properties of cablesin trays.

3.7 raceway: Any channel that is designed and used expressly for supporting or enclosing wires, cable, or
bus bars. Raceways consist primarily of, but are not restricted to, cable trays and conduit.

3.8 reactive: Process by which a material undergoes a chemical or physical change.

4. Test Description

4.1 General
4.1.1 Applicability

This method shall apply to cables manufactured in accordance with NEMA WC7-1991/ICEA S-66-524,
NEMA WC3-1992/ICEA S-19-81, or NEMA WCB8-1991/ICEA S-68-516, and rated 600, 2000, 5000, 8000,
or 15000 V. Thistest islimited to cables installed in the following configurations:

a) Tray with afire-protected cable system where cables are arranged consistent with NEMA WC51-
1991/ICEA P-54-440

b)  Conduit or free-air drop with afire or electrical separation-protected cable system

¢) Block-out, conduit, or sleeve type and/or penetration type fire stop

4.1.2 Method of testing

Cable ampacity or ampacity derating factor shall be established by testing in accordance with the configura-
tions shown in figures 1, 2, and 3. Test results may also be used to confirm analytical heat transfer models.

4.2 Test specimens—protected cable systems
4.2.1 Cable selection

The cables used in the ampacity tests are representative of all cable types and shall have copper conductor(s),
600V rated cross-linked polyethylene insulation, and a chlorosulfonated polyethylene jacket. Depending on
the specific test (as outlined below), the cables shall be rated 600V and of either 3/C No. 6 AWG or 4/C No.
10 AWG construction. If auser optsto test using conduit sizes other than 1inand 4 in (2.54 cm and 10.16 cm)
(see 4.2.3), the number of cables shall be chosen to achieve a percentage fill of approximately 40%.

4.2.2 Cable fill

The ampacity of a protected cable system is dependent on a number of factors, including the actual cable
depth in atray, the number of conductorsin aconduit and free-air drop, and the conductor size of the cables.
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The ampacity derating factor of the barrier/wrap systems, however, is not dependent on the these conditions.
The following cablefill conditions shall be used:

a) Randomfilled tray. Three layers of 3/C No. 6 AWG cables, 0.75 in (19 mm) diameter, 32 cables per
layer, resulting in a depth of 2.25 in (57 mm) for the 24 in (610 mm) wide tray.

b)  Conduit. For the 4 in (100 mm) conduit, 12 3/C No. 6 AWG cables shall be used. For the 1 in (25
mm) conduit, a 4/C No. 10 AWG cable shall be used. These cables are chosen in order to achieve a
percentage fill of approximately 40%.

c) Free-air drop. Fill requirements do not apply.

4.2.3 Conduit

Conduit ampacity tests shall utilize 1 inand 4 in (25 mm and 100 mm) rigid steel conduits. Tests conducted
using these two sizes shall be considered representative of al sizes provided that the fire-protective system
installation methods and configurations are consistent across the entire size range. Where the installation
methods, configurations, or fit differ according to conduit size, the user shall test sizes to bound the specific
application. Conduits shall be a minimum of 12 ft (3660 mm) long. The conduit shall be isolated from its
supporting structure by wooden blocks.

The surface emissivity of the conduit can affect test results. In order to provide a mechanism that will allow
comparison of test results, the average surface emissivity of the conduit, along with the measuring device,
shall be documented. The average surface emissivity of the conduit shall be determined at a minimum of
nine points. Each test point should be a minimum of 1 ft (305 mm) from any other test point. Conduit cou-
plings emissivities shall not be utilized in the calculation to determine the average surface emissivity.

In addition to the conduit, the junction boxes and pull boxes may also be enclosed with a protective material.
Since the surface area of the boxesis significantly greater than the conduit, heat transfer isimproved propor-
tionally. Therefore, junction boxes and pull boxes do not need to be included in the ampacity test.

4.2.4Tray

A commercially available 4 in (100 mm) deep, 24 in (610 mm) wide ladder-back style steel cable tray, a
minimum of 12 ft (3660 mm) long, shall be used. The tray shall be isolated from the support by wooden
blocks.

4.2.5 Free-air drop

Ampacity tests shall be conducted on free-air drop configurations consisting of 4/C No. 10 AWG and 12 3/C
No. 6 AWG, respectively. Tests conducted using these two sizes shall be considered representative of all
sizes provided that the fire-protective system installation methods and configurations are consistent across
the entire size range. Where the installation methods, configurations, or fit differ according to size, the user
shall test sizesto bound the specific application. Free-air drops shall be a minimum of 12 ft (3660 mm) long.
The test specimen shall be supported to prevent sagging and shall be isolated from its supporting structure
by wooden blocks.

4.2.6 Fire protective material
The protective material shall be representative of the installed product at maximum thickness. If the product
istypically applied in a nonuniform manner, e.g., joints overlap when product is butted, then these sections

shall beincluded in the test.

Some fire-protected cable systems utilize an end seal at the barrier or wrap endsin order to prevent the intru-
sion of hot gases or fireinto the end of the tray or conduit. If the end seal islessthan 6 in (150 mm), then the
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seal may be excluded from the test. Otherwise, the end seal should be treated and tested in a similar manner
to cable fire stop, except the wall section will be excluded.

4.3 Test specimens—cable penetration fire stop
4.3.1 Cable selection

The ampacity of the cable in a cable penetration fire stop varies with cable conductor size, conductor mate-
rial, and manner of cable installation outside the fire stop. Tests conducted using a 600V 3/C No. 12 AWG,
copper conductor with cross-linked polyethylene insulation and an overall chlorosulfonated polyethylene
jacket shall be considered representative of other voltage ratings, conductor sizes, insulating materials, and
copper or aluminum conductors installed in random filled tray. Tests on single conductor 2/0 AWG alumi-
num conductor 600 V, with cross-linked polyethylene insulation and a chlorosulfonated polyethylene jacket
shall be considered to be representative of cablesinstalled in trays with maintained spacing. Tests performed
using copper conductor cables may be used only to establish the derating factors for applications using cop-
per conductor.

In cable bus applications, where larger conductor sizes are generally used, cable specimen shall be the small-
est conductor in the anticipated use range. Aluminum conductor material shall be used, unlessdesignislim-
ited to copper conductors, in which case copper conductor may be used.

4.3.2 Cable fill

The tray shall be filled to a 1 in (25 mm) depth. The corresponding current in NEMA WC51-1991/ICEA
P-54-440 shall be applied.

Ampacity tests on fire stops installed in trays with maintained spacing (per |IEEE Std 835-1994) shall be
conducted on asingle layer of 2/0 cables separated by one diameter.

Plant-specific design conditions may be tested. However, the results may not be extrapolated to lower per-
centage filled cable trays.

Conduit fill shall be identical to that specified in 4.2.2.
4.3.3 Conduit

The conduit specimen shall be identical to that described in 4.2.3, except that the length of the conduit shall
be 20 ft (6100 mm). No fire-protective material shall be applied to the conduit other than the fire stop.

4.3.4Tray

Tray specimen shall be identical to that described in 4.2.4, except that the length of the tray shall be 20 ft
(6100 mm) plus the width of the wall. No fire-protective material shall be applied to the tray other than the
fire stop.

4.3.5 Floor/wall assemblies

The type of floor/wall construction and thickness affect the ampacity derating of the system. Thicker floors/
walls shall berepresentative of thinner floors/walls of the same construction. Floors/walls constructed of lower

thermal conductive materials shall be representative of floors/walls of higher thermal conductive materials.

The floor/wall assembly shall maintain a minimum of 24 in (610 mm) from its outer edge to the edge of the
blockout.
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For floor assemblies, the raceways may contain 90 ° bends located at a minimum of 24 in (610 mm) from
each surface of the floor assembly.

4.3.6 Fire stop design

The fire stop configuration to be ampacity tested shall be representative of the maximum permitted installa-
tion tolerances, in contrast to fire tests, which are typically conducted on fire stops at the minimum tolerance.

4.4 Test facility
4.4.1 Test Enclosure

The ampacity test shall be conducted in an insulated enclosure as shown in figure 4, such that the tempera-
ture around the specimen shall be controlled to 40 °C + 2 °C (104 °F = 3.6 °F). The floors of the enclosure
may be insulated with 3/4 in (19 mm) plywood. The intent of enclosure construction isto ensure that interior
surface temperatures reflect the ambient environment and that there is an even temperature within the enclo-
sure. Drafts on the test specimen shall be limited. The temperature inside the enclosure shall be measured at
no less than three places 1 ft (300 mm) from the specimen, and in the horizontal plane of the test specimen.
The temperature of the enclosure shall be taken as the average of the steady state measurements.

4.4.2 Test specimen installation
4.4.2.1Tray

The tray is to be uniformly loaded with a single type of cable. The cables shall be installed in an orderly,
symmetric manner, so as to limit the flow of air through the cables and to ensure repeatability. Cable tie
wraps shall not be used within the tray.

The cables shall be connected as a single series electrical circuit.

When testing the protected cable systems, a section of insulating blanket may be placed at the ends of the
tray to minimize axia heat flow, such that the average values for the thermocouples at locations 1 and 3 (see
figure 1) are within £4 °C (7.2 °F) of the average value for location 2.

4.4.2.2 Conduit

The cables shall be pulled into the conduit after installation of the thermocouples. No pulling lubricant shall
be used. When three single conductor cables are utilized for the conduit tests, the cables shall be bundled
with stainless steel tie wraps or glass cloth electrical tape to ensure thermocouple placement is maintained
during insertion or removal.

The cables shall be connected as a single series electrical circuit.

A section of insulating blanket may be placed at the ends of the conduit to minimize axia heat flow, such
that the average values for the thermocouples at locations 1 and 3 (see figure 2) are within £4 °C (7.2 °F) of
the average for location 2.

4.4.2.3 Free-air drop

The cables shall be connected as a single series electrical circuit. When multiple cables are utilized for these

tests, the cables shall be bundled with stainless steel tie wraps or glass cloth electrical tape to ensure thermo-
couple placement is maintained.
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4” X 24” X 12’ STEEL LADDER-BACK CABLE TRAY

(100 mm X 610 mm

X 3660 mm)

I
] '
e 36" —~—— 36" —=— 36" 36” -
| (916 mm) (915 mm) (915 mm) (915 mm) X
Thermocouple Thermocouple Thermocouple
Location #1 Location #2 Location #3
SIDE VIEW
Thermocouple
Location #1

Thermocouple
Location #2

=<— TC LD.Numbers

Thermocouple
Location #3

-— TC LD. Numbers

CROSS SECTIONAL VIEWS

Figure 1—Tray configuration—protective cable system
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12’ LONG STEEL CONDUIT OR FREE AIR DROP

(3660 mm)
| |
| |
Il<— 86" ——>te+—— 36”7 ——te—— 36”7 ——efe— 367 —!
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SIDE VIEW

4” (100 mm) Rigid
Steel Conduit

Thermocouples (12)
(placement typical)
12-3c #6 AWG
copper cable, 600 V

1” (25 mm) Rigid Steel Conduit

1-4c #10 AWG
copper cable, 600 V

Thermocouples (4)

Figure 2—Conduit and free-air drop configurations—protective cable system
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A section of insulating blanket shall be placed at ends of the free-air drop to minimize axial heat flow, such
that the average values for the thermocouples at locations 1 and 3 (see figure 2) are within £ 4 °C (7.2 °F) of
the average for location 2.

4.4.2.4 Cable penetration fire stop

The cables and raceway penetrating the fire stop floor/wall shall be installed in an identical fashion as during
fire testing. This may include specia spacing requirements. If the fire stop design permits installation of the
cables on the tray rungs or directly on the blockout surface, the bounding condition is considered to be with
the cables placed on the tray rungs.

4.4.2.5 Orientation

The fire-protected raceway test specimens shall be mounted horizontally in order to model worst case orien-
tation and to prevent a “chimney-effect.” In the case of fire stop tests, open ends of enclosed raceways shall
be sealed to eliminate air movement.

4.4.2.6 Installation of fire protective systems

The tray and conduit isto be raised off its support after completion of the baseline tests. The protective sys-
tem shall then be applied in accordance with the method established in the fire or electrical separation test-
ing. The entire assembly shall be lowered back onto the supports while ensuring the assembly is not cracked
or otherwise distorted. If the protective system can be removed without disturbing the cables or thermocou-
ple placement, then the baseline tests may be performed before or after testing the protective cable system.

If the product undergoes a curing operation, the test specimen’s dry state shall be established by the manu-
facturer and achieved prior to the test through natural or artificial drying.

If the product is reactive at temperatures below 90 °C (194 °F), then the equilibrium time should be extended
based on specific analysis.

4.4.3Thermocouple selection and placement

Thermocouples shall be amaximum of 24 AWG, Type T special grade—copper/constantan, with an accuracy
of £ 0.5 °C (0.9 °F), or other thermocouple types that have been calibrated to the same level of accuracy.
Thermocouple wire shall have waterproof insulation. Thermocouples shall be placed directly against the
conductor.

To attach the thermocouple junction to a multiconductor cable, make an approximately 2 in (50 mm) long
dit in the outer jacket of the cable, to expose the insulated conductors. Then make a1l in (25 mm) dlit in the
insulation to expose the conductor as shown in figure 5. Insert the thermocouple junction in direct contact
with the conductor strands. Close the insulation dlit and seal the dlit with a single layer of glass-reinforced
electrical tape. Reposition the outer jacket and seal with asingle layer of glass-reinforced electrical tape.

To attach the thermocoupl e junction to a single conductor cable, make a1 in (25 mm) dlit in the jacket/insu-
lation system to expose the conductor. Insert the thermocouple junction in direct contact with the conductor
strands. Close the jacket/insulation glit and seal with asingle layer of glass-reinforced electrical tape.

The test is intended to identify the temperature of the hottest conductor within the center of the protected
cable system and cable penetration fire stop. A set of thermocouples shall be installed at each of the vertical
planes along the length of the cable as shown in figures 1, 2, and 3. The 1 in (25 mm) conduit and the small
free-air drop shall have the thermocouples placed on al three conductors. Within the tray assembly, thermo-
couple leads shall remain in the layer in which they are installed and be routed out the end of the tray in the
interstices of the cable mass. The 4 in (100 mm) conduit and the large free-air drop shall also have their ther-
mocouple leads routed in the interstices of the cable mass.
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For fire-protected raceways, the following number of thermocouples shall be placed in each vertical plane:

tray configuration 5
1in (25 mm) conduit and small free-air drop 4
4in (100 mm) conduit and large free-air drop 12

For ampacity tests of tray penetration fire stops, five thermocouples shall be placed on the conductorsin the
fire stop in accordance with figure 1. One additional thermocouple shall be placed at 2 ft (610 mm) intervals
on one conductor of the center cable in the middle layer on each side of the firestop (see figure 3).

BLOCK WALL
=
= /

=
|iuiu§llﬁn§niuiuiuil@liuiu i

o i 0 6 6 0 0 G OB N BV

5115 1 1 G G
FIRESTOP MATERIAL 0011110 6 B \@i{| THERMOCOUPLE

\ —————————————— g LOCATION #1

TC LOC #3b TC LOC #2a

TC LOC #6b TC LOC #2b TC LOC #3a
\ TC LOC #6a

\._ '/4 247 \.‘ 247 . / 247 / 247 \ /
(610 mm) (610 mm) (610 mm) (610 mm)

| 1
I 1
| 1
I ]
| 1
1

\ — TRAY OR :
: &l "mIgnanauaummuau Bl CONDUIT :
1 ] I
1 B I
1 B I
| B !
\ LIMITS OF B2 0 BiEE \
1 BLOCKOUT mm 1651 B Bt nmu = |
1 OR SLEEVES I I EIEIE :
1

: :
I i
l 1
\ I
‘ I
I ]
i \ !
] ) ‘
] N X
I ' |
: 120" (Min) ™ 50" (0 -

(3000 mm) (3000 )

Figure 3—Configuration—cable penetration fire stop
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For ampacity tests of conduit or free-air drop penetration fire stops, five thermocouples shall be placed on the
conductors in the fire stop in accordance with figure 2. One additional thermocouple shall be placed at 2 ft
(610 mm) intervals on each side of the fire stop.

4.5 Test procedure

4.5.1 Baseline evaluation

At least one basdline test for each system, i.e, tray, conduit, free-air drop, shall be conducted in order to
establish baseline ampacities. Baseline evaluation for atray and conduit assembly shall be performed on the
same physical specimen used for the derating test. Baseline and derating evaluations for free-air drops shall
be performed using the same instrumented cabl e set.

4.5.2 Current source

The circuit shall be energized with a 60 Hz (rated frequency), single-phase source sufficient to cause the
conductor to reach 90 °C (194 °F) at location 2 in figures 1 and 2, and location 1 in figure 3. The current
shall be measured to an accuracy of + 1.0%. The use of a constant-current amplifier is recommended since
the increasing temperature changes the circuit load, i.e., conductor resistance. Alternatively, process control
devices can be used to generate and maintain the current source.

4.5.3 Temperature measurement

All temperatures shall be recorded at intervals no greater than one minute. The current in each test circuit
shall be adjusted to achieve a hot spot conductor temperature of 90 °C £ 1 °C (194 °F + 1.8 °F) at location 2
for the protected cable systems and location 1 for cable penetration fire stop. The average temperature of
thermocouple locations 1 and 3 for the protected cable systems shall each be within £ 4 °C (7.2 °F) of the
average temperature reading at location 2. No restrictions are placed on the temperature readings at locations
outside the cable penetration fire stop.

The cable circuit is considered to have reached steady state condition when:

a A minimum of 3 h has elapsed since the last adjustment of current level or perturbation of the system
occurred.

b) The rate of change of the average of thermocouple reading at the hot spot (location 2 for figure 4,
and location 1 for figure 3) does not exceed + 0.2 °C (0.36 °F) per hour for conduit, tray, and free-air
drop.

Perturbation of the system conditions includes current adjustment, change in the internal temperature of the
enclosure, and addition or removal of insulation on the ends of the tray, conduit, or free-air drop. Minor
adjustment of current (< 0.1%) required to keep the current constant is not considered a perturbation of the
system.

In order to statistically assure thermal equilibrium, the conductor temperatures shall be averaged at each
sampling period. A linear regression analysis using the least-squares method shall be performed on the data
obtained over the preceding 60 min. The slope of the line shall be expressed in units of °C (or °F) per hour.
When the absol ute value of the slope becomes less than 0.2, equilibrium has been reached.

The degrees of freedom obtained by averaging many thermocouple locations, allows the precision to exceed
the +°C/°F limit of any one thermocouple.

11
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Figure 4—Enclosure and support requirements—protective systems
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COPPER CONDUCTOR

INSULATION

Figure 5—Thermocouple attachement to conductor

The eguations for alinear regression using the least squares fit method are as follows:
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n
b =Y-mX
where
Y is the average conductor temperature in degrees
X is the time increment (min)
m isthe slope of line (degrees/min)
b istheY-axis intercept, in degrees
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4.5.4 Enclosure temperature

The temperature within the test enclosure shall be controlled to 40 + 2 °C (104 £ 3.6 °F). Some induced air
movement within the enclosure is necessary to achieve uniform steady-state temperatures. Care should be
taken to avoid direct air currents against the test specimens. The method of ambient temperature control
within the test enclosure is important. Care should be taken to avoid any additional heat loading on the
cables by radiation from a heat source.

5. Evaluation of test results
5.1 Normalizing test results

After equilibrium has been achieved, the final conductor temperature and the ambient temperature may not
match 90 °C (194 °F) and 40 °C (104 °F), respectively. The results of the baseline and the fire-protected
cable system tests should be normalized using equation 6, as shown below. The conductor temperature shall
be the hottest conductor temperature at location 2 for the protective cable system and location 1 for cable
penetration fire stop. The final temperatures shall be within the limits established in 4.5.4 and 4.5.3.

(Tc‘ _Ta')(a + Tc)

I'=1 (6)
(Tc - Ta)(a + Tc')
where
I istest current at equilibrium, amperes
T is hottest conductor temperature at center at equilibrium, °C
T, ismeasured enclosure ambient temperature, °C
I' is normalized current, amperes
To  isnormalized conductor temperature= 90 °C
Ty isnormalized ambient temperature= 40 °C
a is234.5 for copper or 228.1 for aluminum

5.2 Ampacity derating factor

Using the normalized current, as determined from 5.1, an ampacity derating factor can be calculated using
the results of the baseline test and the protected cable system or cable fire stop. The ampacity derating factor
(ADF) and ampacity correction factor (ACF) shall be calculated using equations 7 and 8. The user may find
it more convenient to express the ampacity results as ampacity correction factor (ACF) for calculation pur-
poses. ACF is applied in a similar fashion as conduit grouping factors and ambient temperature correction
factor as shown in |IEEE Std 835-1994.

(Io_lf)

ADF = —%—=100 ()
(o}
|4
ACF = — (8)
I o
where
lo is the normalized current for the baseline condition, amperes
I¢ is the normalized current for the passive fire-protected cable system or cable penetration fire stop

system, amperes
ADF isthe ampacity derating factor, %
ACF isthe ampacity correction factor

14
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Ampacity derating factors shall be expressed in conjunction with reference to its baseline ampacity standard.
This is especially important for cable penetration fire stops where the cable installation method outside the
wall has a mgjor influence on the resulting derating factor. Cable fire stop ampacity derating factor is also
restricted in terms of conductor size and material.

Examplesillustrating how the ampacity derating factors should be expressed are shown bel ow.

— ADF=18%, Floor Assembly Fire Stop Penetration, Product design AAA, applied against IEEE Std
835-1994 conduit in air ampacities for 12 AWG aluminum or copper conductors and larger.

— ADF=7%, Wall Assembly Fire Stop Penetration, Product design AAA, applied against IEEE Std
835-1994 conduit in air ampacities for 1000 kemil copper conductors or 1250 kemil aluminum con-
ductor and larger.

— ADF=20%, Fire Protective Materiad—Tray Application, Product design BBB, when applied against
NEMA WC51-1991/ICEA P-54-440.

— ADF=18%, Electrical Separation Wrap—Free-Air Drop, Product design CCC, when applied against
|EEE Std 835-1994 in free air ampacities.

6. Documentation of testing
The test report and the resulting derating factor shall include the following documentation:

a)  Description of the test configuration
b) Date of the test
c¢) Location of the test
d) Description of the test equipment and test articles
€) Cadlibration documentation of all thermocouples
f)  Qualification and certification for test personnel
g) Test procedures used
h)  Ampacity values determined and accompanying equilibration temperatures
i)  Quality control records for:
1) Test article construction
2) Quadlification and certification for installation and inspection personnel
3) Identification and installation of fire barrier material
4) Thermocouple locations
5) Cables, size, type, and location

6) Actual tray and conduit cable fill, and calculated depth of cable fill, as defined in NEMA
WC51-199V/ICEA P-54-440

j)  Computer printout and graphic results of the ampacity test

k) All raw data

1) 35 mm photographic coverage of the test project

m) Documentation that product does or does not react at temperatures below 90 °C (194 °F)
n)  Documentation that moisture equilibrium has been achieved

0) Average surface emissivity

p) Device used to obtain surface emissivity reading

15
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Annex A
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