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. GSENERAL
The ‘subject of this Report is the fire test investigation of -
electrical circuit Protective systems installed beneath floor
- assemblies. The object of this investigation was to establish an
hourly fire rating for the electrical circuit protective systems
described in this Report.

The test program consisted of constructing two floor
assemblies with various electrical circuit Protective systems.

stream tests in accordance with an American Nuclear Insurers
(ANI) Standard entitled "ANI/MAERP Standard Fire Endurance Test
Method To Qualify A Protective Envelope For Class 1E Electrical
Circuits". The fire eéxposure and hose stream tests for Test
Assembly Nos. 1 and 2 were conducted on December 21, 1982 and
March 3, 1983, respectively. '

framework; (2) electrical cable air drops wrapped with layers of
an intumescent mat material; (3) rigid steel conduits containing
various types and sizes of electrical cables wrapped with layers
of an intumescent mat material, and (4) rigid steel conduits
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A total of ten electrical circuit protective systems were
included in the first test assembly described herein. Of the ten
electrical circuit protective systems tested in the first test
assembly, only four systems are being considered for
Classification purposes. The remaining six systems were included
to develop supplemental heat transfer, physical fire performance
and circuit integrity data of a Preliminary nature for possible
future use. Only the data pertinent to the four electrical
circuit protective systems intended for Classification,

referenced as System Nos. 1 through 4 of Test Assembly No. 1, are
included herein.

A total of four electrical circuit protective systems were
included in the second test assembly described herein. Of the
four electrical circuit Protective systems tested in the second
test assembly, only three systems were intended for
Classification. The remaining system was included to develop
supplemental heat transfer, physical fire performance and circuit
integrity data of a preliminary nature for possible future use.
Only the data pertinent to the three electrical circuit
protective systems intended for Classification, referenced as
System Nos. 1 through 3 of Test Assembly No. 2, are included

herein.

The fire endurance and hose stream tests were supplemented
with other tests and examinations which provided additional
information relative to the physical and chemical properties of
the materials used in the electrical circuit protective systems
for future use in Follow-Up Service Inspection programs.
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MATERIALS:

The following is a description of the materials used in the
test assemblies. .

. TEST ASSEMBLY NO. 1

Floor Assembly - The floor assembly consisted of five
separate steel-reinforced vermiculite concrete slabs., Two of 'the
slabs measured 5 ft, 2 in. by 13 ft, 8 in. by 8 in. thick. The

- remaining three slabs were 1 ft, 8 in. by 13 ft, 8 in. by 8 in.
thick.

Steel Junction Box - The UL Listed junction boxes used in
System No. an each consisted of a five-sided box and a
cover. The five-sided boxes measured 12 by 12 by 6 in. high and
were formed of 0.077 in. thick (No. 14 gauge) painted steel. The
boxes were each provided with two 11 in, long by 1-3/4 in. wide

_ by 0.101 in. thick (No. 12 gauge) painted steel mounting plates
which projected 3/4 in. beyond two opposing sides of the box.
Each mounting plate was provided with two nominal 5/16 in.
‘diameter mounting holes. The open top of the box was provided
~with a 3/8 in. wide hemmed edge around its perimeter. The :
junction box cover was 12-1/4 by 12-1/4 in. by 5/16 in. high and
was formed of 0.082 in. thick (No. 13 gauge) painted steel. The
interior of the cover was provided with a 3/4 in. wide by
3/16 in. thick neoprene rubber gasket around the entire
perimeter. The cover was provided with a nominal 1/4 in.

diameter hole at each corner for screw-attachment to the junction
box. ,

Cable Tray System - ‘'The 12 in. wide open-ladder cable tray
‘used in System No. 1 consisted of channel-shaped siderails and
hat-shaped rungs. The siderails were 6 in. deep and were formed
of 0.082 in. thick (No. 14 gauge) galvanized steel. The top and
bottom flanges of the siderail were 3/4 in. wide. The hat-shaped
_ rungs were 2-1/8 in. wide with a 1/2 in. high by 5/8 in. wide

. "crown" and were formed of 0.066 in. thick (No. 16 gauge)
galvanized steel. The rungs were spaced 9 in. OC and were welded
to the web and flange of the siderails at each end. The loading

' depth of the trays was 5-3/8 in. The trays were cut into 8 in.

: and 48 in. lengths for the horizontal and vertical runs,
‘respectively.
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The 12 in. wide 90° inside riser elbows used in the cable

‘tray system each had an inside radius of 24 in., an outside
radius of 30 in. and a tangent length of 32 in. The siderail

; members for each elbow were channel-shaped in cross-section with

i a web~height of 6 in., a top flange width of 3/4 in. and a bottom

g + width of 5/8 in. The siderail members were formed of 0.082 in.
thick (No. 14 gauge) galvanized steel. The elbows were provided
with the same hat-shaped rungs used in the cable trays. The
rungs were spaced nominally 9 in. OC and were welded to the web
and bottom flange of the siderails of each end.

The connectors used to join the elbows and cable tray
sections consisted of 3-3/4 by 6 by 0.107 in. thick (No. 12
gauge) galvanized steel plates. Each connector plate was
provided with eight 3/8 in. diameter by 5/8 in. long slots which
aligned with the four 3/8 in. diameter holes drilled at each end
of the elbow and cable tray siderails.

Trapeze Support - The trapeze support used near the center
. of the horizontal run of the cable tray in System No. 1 consisted
of a "U"-shaped welded assembly formed from No. 12 gauge
- Type P1000 Unistrut channels.

. : Steel Conduit Systems - The nominal 5 in. diameter rigid
steel conduits used in System Nos. 2 and 3 were 5.576 in. in
diameter with a wall thickness of 0.228 in. Each conduit system
consisted of two 30 in. radius 90° elbows with threaded ends, two
straight lengths each having one threaded end, three threaded
steel couplings and two set-screw bushings. ‘

The nominal 2 in. diameter rigid steel conduit used in
System No. 4 had an outside diameter of 2.375 in. and a wall
thickness of 0.142 in. The conduit system consisted of two
12 in. radius 90° elbows, two straight lengths, one set-screw
connector, three set-screw couplings, two lock nuts and two
bushings.

Cables - Three cable types were used in each electrical
-¢ircuit protective system. The cable types used were A
single-conductor 300 MCM power cables, seven-conductor No. 12 AWG
control cables and two-conductor No. 16 AWG control cables.

The single-conductor 300 MCM power cables consisted of
thirty-seven 0.090 in. diameter copper strands. The conductor
insulation was cross-linked polyethylene (XLPE). The cable
jacket was polyvinyl chloride (PVC). The outside diameter of the
cable was 0.890 in. No marking was present on the cable jacket.
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Each ‘strand of the seven-conductor No. 12 AWG cable

| consisted'of a 0.079 in. diameter copper strand with XLPE

insulation. The ocutside diameter of each conductor was 0.140 in.
The seven conductors were covered with a mylar wrap and the cable
jacket was PVC. The outside diameter of the cable was 0.557 in.
No marking was present on the cable jacket.

Each conductor of the two-conductor No. 16 AWG cable
consisted of a 0.051 in. diameter copper strand with XLPE
insulation. The outside diameter of each conductor was 0.109 in.
The fillers within the cable construction were polyester strands.
The conductors and fillers were encased in a PVC jacket. The

- outside diameter of the cable was 0,312 in. No marking was

present on the cable jacket.

Steel Framing - The steel framing around the junction box
and cable tray of System No. .1 consisted of No. 14 gauge

‘Types Al000 and A3300 Unistrut channels and Types A1065, A2223

and modified A2227 Unistrut fittings. The Type A3300 Unistrut
channels forming the top and bottom "U"-shaped members at the
corners of the longitudinal steel framing around the cable tray
were each preassembled and welded Prior to installation. The
enclosures were assembled using 3/8 in. diameter by 3/4 in. long
hex head cap screws in conjunction with Type A3008 Unistrut nuts.

‘Intumescent Sheets - The foil-faced, sheet-metal backed
intumescent elastomeric material sheets used to protect the
junction boxes in System Nos. 1 and 4 and used at the interface
of each electrical circuit protective system with the underside
of the floor, were supplied in nominal 36 in. by 36 in. by
1/4 in. thick sheets. The sheets, manufactured by Minnesota
Mining and Manufacturing Co. and designated "Type CS-195", will
be Classified as "Electrical Circuit Protective Material” in the
Building Materials Directory under the Follow-Up Service of
Underwriters Laboratories Inc.

Threaded Rods - The threaded rods, used to support the steel
junction boxes and the intumescent sheets at the floor/protective
envelope interface, were nominal 3/8 in. diameter by 12 in., long
zinc-plated threaded steel rods.
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Intumescent Mat - The flexible foil-faced intumescent mat
material, used to protect the cable air drop of System No. 1 and
to protect the steel conduits of System Nos. 2, 3 and 4, was

‘nominal 1/4 in. thick and was supplied in nominal 48 in. wide

rolls. The flexible foil-faced intumescent mat material was also
supplied in 4 in. wide rolls for use as a joint cover for the
protective enclosures around the steel junction boxes. The
intumescent mat, manufactured by Minnesota Mining and
Manufacturing Company and designated "Type M20A", will be
Classified as "Electrical Circuit Protective Material” in the
Building Materials Directory under the Follow-Up Service of
Underwriters Laboratories Inc.

Hardware Cloth - The hardware cloth consisted of 0.041 in.
diameter (No. AWG) galvanized steel wires welded to form a
1/2 in. square grid. The hardware cloth, manufactured by
Gilbert & Bennet, Blue Island, Illinois and identified as Code
No. 453035, was supplied in nominal 12 in. and 24 in. wide by

100 ft long rolls.

-Fasteners - The fasteners, used to secure the intumescent
sheet to the steel framing of System No. 1 and to the junction
box of System No. 4, were No. 10-16 by 3/4 in. long
self-drilling, self-tapping hex-washer head steel screws in

conjunction with 5/8 in. diameter steel washers.

Banding Strap - The carbon steel banding straps used to
secure the intumescent sheet and joint treatment to the junction
boxes, were 5/8 in. wide by 0.020 in. thick. The 1 in. long
channel-shaped crimp clips, used in conjunction with the banding
strap, were 11/16 in. deep with 1/4 in. flanges. The clips were
formed of 0.021 in. thick electro-galvanized steel.

Ceramic Cord - The ceramic cord, used to secure the

intumescent mat to the conduits and cable air drop, was supplied
in 4 in. diameter by 12 in. high spools containing 1400 lin ft of
cord. The cord, manufactured by Minnesota Mining and
Manufacturing Company and designated "Type 34", will be
Classified as "Electrical Circuit Protective Material” in the
Building Materials Directory under the Follow-Up Service of
Underwriters Laboratories Inc.

(LI
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Caulk - The caulk, used to seal the joints of the .
intumescent sheets and as part of the floor firestop system, was .
supplied in 10-1/2 oz cartridges. The caulk, manufactured by '
Minnesota Mining and Manufacturing Company and designated
"Type CP-25", will be Classified as "Electrical Circuit _
Protective Material” in the Building Materials Directory under
the Follow-Up Service of Underwriters Laboratories Inc.

Foil Tape -~ The 3 in. wide Pressure-sensitive aluminum foil
tape was supplied in rolls. The tape, manufactured by Minnesota
'Mining and Manufacturing Company and designated "Type 425", will

- be Classified as "Electrical Circuit Protective Material" in the

Building Materials Directory under the Follow-Up Service of
Underwriters Laboratories Inc. '

TEST ASSEMBLY NO, 2

The floor assembly used for Test Assembly No. 2 was the same
. floor that was used for Test Assembly No. 1. The nominal 5 in.
diameter rigid steel conduit system, threaded steel rods,

. intumescent sheets, intumescent mat, steel hardware cloth,

- fasteners, banding straps, ceramic cord, caulk and aluminum foil
‘tape used in Test Assembly No. 2 were the same as those used in
-Test Assembly No. 1.

Junction Box - The junction box, used in System No. 3 was
12 in. wide by 16 in. long by 6 in. high and was formed of
0.076 in. thick (No. 14 gauge) painted steel. The box was
provided with a 2 in. wide by 2-1/2 in. long by 0.180 in. thick
' (No. 7 gauge) painted steel mounting foot at each corner. The
‘hinged cover of the junction box was 10 in. wide by 14 in. long
by 1 in. high and was formed of 0.076 in. thick (No. 14 gauge)
-painted steel. The cover was provided with two screw-tightened
latching mechanisms and a hasp for locking.

Steel Conduit System - The nominal 2 in. diameter rigiad
"steel conduit, used in System No. 3, had an outside diameter of
2.375 in. and a wall thickness of 0.142 in. The conduit system
consisted of a 12 in. radius 90° elbow, a straight length, one

. Set-screw connector, one set-screw coupling, two lock nuts and
~~ two bushings. '
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Cable Tray System - The 24 in. wide open-ladder cable tray
used In System No. 1 consisted of channel-shaped siderails and
boxed-channel rungs. The siderails were 4 in. deep and were
formed of 0.061 in. thick (No. 16 gauge) galvanized steel. The
top flange of the siderail was 1-3/8 in. wide with a 3/8 in.
stiffening flange. The bottom flange of the siderail was 7/8 in.
wide with a 1/4 in. stiffening flange. The boxed-channel rungs
were 3/4 in. wide by 1 in. deep and were formed of 0.034 in.
thick (No. 22 gauge) galvanized steel. The ends of each rung
were notched to accommodate the stiffening flange on the bottom
flange of each siderail. The rungs were spaced 6 in., OC and were
welded to the web of the siderails at each end. The loading
depth of the trays was 2-7/8 in. The trays were provided in
34 in. and 61 in,. lengths for the horizontal and vertical runs,
respectively.

The 24 in. wide 90° inside riser elbows, used in the cable
tray system, each had an inside radius of 12 in., an outside
radius of 16 in. and a tangent length of 19 in. The siderail
members for each elbow were channel-shaped in cross-section with
a web-height of 4 in., a top flange width of 3/4 in. and a bottom
width of 5/8 in. The siderail members were formed of 0.061 in.
thick (No. 16 gauge) galvanized steel. The elbows were provided
with the same boxed-channel type rungs used in the cable trays.
The rungs were spaced nominally 6 in. OC and were welded to the
web and bottom flange of the siderails of each end.

. The connectors, used to join the elbows and cable tray
sections, consisted of 3-3/4 by 6 by 0.107 in. thick (No. 12

‘'gauge) galvanized steel plates. Each connector plate was

provided with eight 3/8 in. diameter by 5/8 in. long slots which
aligned with the four 3/8 in. diameter holes provided at each end
of the elbow and cable tray siderails.

The cable trays, elbows and connectors were manufactured by
Chalfant Manufacturing Company, Cleveland, Ohio.

ITrapeze Support - The trapeze support, used at the center of
the horizontal run in System No. 1, consisted of a "U"-shaped
welded assembly formed from Type P1000 Unistrut channels.

Cables - Three cable types were used in the various cable
tray and conduit systems. The cable types used were
single-conductor 300 MCM power cables, seven~-conductor No. 12 AWG
control cables and two-conductor No. 16 AWG control cables.
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- The*single-conductor 300 MCM power cables consisted of
thirty-seven 0.090 in. diameter copper strands. The stranded

. conductor was encased in a mylar film. The conductor insulation

was cross-linked polyethylene (XLPE) . The outside diameter of

- the cable insulation was 0.755 in. The cable insulation was
_markeg "300 MCM CU XLP Type XHHW 600V (UL) E-11486".

Each conductor of the seven-conductor No. 12 AWG cable
consisted of seven 0.030 in. diameter copper strands stranded

The outside diameter of each conductor was 0.158 in. The fillers
within the cable construction consisted of six nominal 0.052 in.
diameter PVC filler strands. The fillers and conductors were
encased in a cellophane wrap and covered with a PVC jacket.. The
outside diameter of the cable was 0.623 in. The cable jacket was
marked "12 AWG TYPE TC XHHW CDRS. SUNLIGHT RESISTANT 600 V

 E60749 (UL) DIRECT BURIAL", .

Each conductor of the two-conductor No. 16 AWG cable

.consisted of sixteen 0.010 in. diameter soft annealed tinned

copper strands stranded together and covered with a tissue papér
wrap and XLPE insulation. The outside diameter of each conductor
was 0.084 in. The fillers within the cable construction were

hemp. The fillers and conductors were wrapped in tissue paper

and covered with a PVC jacket. The outside diameter of the cable
was 0.245 in. The cable jacket was marked "MULTICONDUCTOR POWER
CONTROL (UL) 16 AWG 600 V 90 C UL FR-1 NEC340".

Steel Framing - The steel framing for the cable tray of
System No. 1 and %or the junction box of System No. 3 consisted
of No. 14 gauge, Types Al1000 and A3300 Unistrut channels and

.Types A1065, A2223 and modified A2227 Unistrut fittings. The
‘Type A3300 Unistrut channels forming the top and bottom

"U"-shaped members at the corners of the longitudinal steel
framing around the cable tray were each preassembled and welded
Prior to installation. The enclosures were assembled using

3/8 in. diameter by 3/4 in. long hex head cap screws in
conjunction with Type A3008 Unistrut nuts.

Putty - The putty used in conjunction with the composite
fire barrier sheet at the interface of the electrical circuit

Protective systems with the floor, was manufactured by Minnesota

Mining and Manufacturing Company and designated "Type 303", the
putty is Classified as a "Fill, void or Cavity Material" in the

Building Materials Directory under the Follow-Up Service of

Underwriters Laboratories Inc.

RS
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ERECTION OF TEST ASSEMBLIES:

TEST ASSEMBLY NO. 1

The full-scale floor test assembly was constructed in
accordance with the methods specified by the submittor, as shown
in ILLS. 1 through 20. The construction of the test assembly was
observed by members of the technical and engineering staff of
Underwriters Laboratories Inc.

Nominal 6 by 6 by 1/2 in. thick structural steel angles were
placed along the walls of the test frame such that the top of the
horizontal leg was 8 in. below the top edges of the test frame.
The five reinforced vermiculite concrete floor slabs were
installed in the test frame as shown in ILL. 1. Prior to
installation of the floor slabs, nominal 1-1/4 in. thick
mineral-wool batts were placed over the structural steel angles
to form a smoke and heat seal. The average bearing of each floor
slab on the structural steel angles was 4-1/2 in. A 6 in.
separation was maintained between adjacent floor slabs to
accommodate the electrical circuit systems.

Two W4X13 steel beams, 17 ft long, were placed over the top
of the floor slabs as shown in ILL. 1. The beams rested on and
were secured to the projecting steel reinforcement of each slab
(bottom chord of inverted Type 8H2 steel joist) to prevent

differential deflection of the various slabs during fire
exposure.

The location of the various electrical circuit protective
systems in the floor assembly is shown in ILL. 2. :

The nominal 12 in. wide cable tray system into which the

cable air drop from System No. 1 projected was assembled into a

"U"-shape as shown in ILL. 3. The cable tray system was
assembled with steel connectors in conjunction with 3/8 in.
diameter by 3/4 in. long steel carriage bolts and steel lock
nuts. After assembly, the system was lifted through the nominal
6 in. slots in the floor and was oriented such that it projected
36 in. above and below the floor slabs. The cable tray system
was suspended by means of nominal 3 by 3 by 1/4 in. steel angles,
20 in. long, spanning across the projecting steel reinforcement
of the floor slabs and welded to the cable tray siderails, as
shown in ILL. 3. The cable tray system was additionally
supported by means of a welded trapeze support formed df

Type P1000 Unistrut channels at the center of the horizontal run,
as shown in ILL. 3. The Unistrut trapeze support was secured to
the floor using Type P2072 Unistrut fittings in conjunction with
3/8 in. diameter threaded steel rods with nuts and steel washers.
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Pridr to installation of the steel junction boxes for System .
Nos. 1 and 4, 2-3/8 in. diameter holes for the nominal 2 in. '
diameter Trade Size steel conduit were die-cut in the center of
the bottom and cover of each junction box. In order to effect a
good seal with the underﬁide of the floor, a 15 in. square piece
of intumescent sheet with a nominal 3 in. diameter hole at its
center was installed as a gasket between the underside of the
floor and the bottom surface of the five-sided box. First, a.
nominal 1 in. wide band of Type CP-25 caulk was applied around
the entire perimeter of the junction box at its bottom. The
aluminum foil-faced side of the nominal 15 in. square piece of
intumescent sheet was then pressed into the Type CP-25 caulk.
Each steel junction box was then secured to the underside of the
floor using four nominal 3/8 in. diameter threaded steel rods in
conjunction with steel nuts and 1-1/4 in. diameter steel washers,
as shown in ILLS. 4 and 6.

The nominal 2 in. diameter rigid steel conduit for System
No. 4 was installed as shown in ILL. 6. The vertical leg of the
nominal 2 in. diameter rigid steel conduit projected 36 in. above
- the top of the floor and was secured in place by means of nominal
3 by 3 by 1/4 in. steel angles, 20 in. long, Spanning across the
. projecting steel reinforcement of the floor slabs and welded to
the sides of the conduit, as shown in ILL. 6.

The nominal 5 in. diameter rigid steel conduits for System

Nos. 2 and 3 were each assembled into a "U" shape as shown in
ILL. 5. The conduits were assembled with threaded steel
~ connectors. The two open ends of each conduit were provided with
. bushings. After assembly, the systems were lifted through the
nominal 6 in. slots in the floor and were oriented such that they
. Projected 36 in. above and below the floor slabs. The conduit
systems were suspended by means of nominal 3 by 3 by 1/4 in.
steel angles 20 in. long, spanning across the pProjecting steel
reinforcement of the floor slabs and welded to the conduit sides,
-.as shown in ILL. 5.

With the exception of System No. 4, three cable types were
installed in each electrical circuit system. The
single-conductor 300 MCM cables were cut-to-size and installed’

~individually in the electrical circuit systems. The
seven-conductor No. 12 AWG and the two-conductor No. 16 AWG
cables were each looped back-and-forth and installed in the
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The cable group for System No. 1 was bundled together with
nylon ties spaced approximately 18 in. OC prior to installation.
The cable group passed through the steel junction box and '
projected 36 in. above the top surface of the floor. The
opposite end of the cable group draped over to the elbow of the
cable tray system, on top the cables in the cable tray, and
extended through the floor opening to a point 36 in. above the
top surface of the floor, as shown in ILL. 4.

The cable groups installed in the conduits of System Nos. 2,
3 and 4 were bundled together with nylon ties spaced

‘approximately 18 in. OC. The cable groups were then installed in
‘the conduit systems such that each end of the cable group '

pProjected 36 in. above the top surface of the floor.

The total quahtity of each cable type installed in each
system is tabulated below:

Quantity of Cables Used

System Number 300 MCM 7/C-12 AWG 2/C-16 AWG
1 (Air Drop) 2 P2 2
1 (Cable Tray) 12 31 114
2 4 11 42
3 1 1 1
4 - 1 1

After installation of the cable tray, conduits, junction 

‘boxes and cables, the four nominal 6§ in. wide slots in the floor
-assembly containing the vertical legs of the various systems were

filled with vermiculite concrete as a firestop. Removable forms
were placed beneath each slot, flush with the underside of the
floor slab. sSmall pieces of mineral-wool batt were stuffed
between the edges of the forms and the cables to minimize leakage
of the vermiculite concrete. Nominal 7 in. lengths of nominal

'1/2 in. diameter deformed steel rods were wedged into each slot
to act as reinforcement. The vermiculite concrete, composed of

five parts expanded vermiculite aggregate to one part Portland
cement, by bulk volume, and mixed with water, was pumped into the
slots and struck with a trowel. After drying for 24 h, the forms
were removed from the underside of the assembly.
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;:ﬁﬁ Tﬁghs;ee;‘fzaming_for the protective enclosure around the
le tray of System No. 1 was-installed as shown in ILLS. 7
hrough 10° As shown in ILLS. 9 and 10, a gasket formed from .

,ﬂ%iy'éystemgéfrhg steel framing was installed such that no
;cohtactfwis_madqugtween the framing and the cable tray system

‘except at ‘the trapeze support. - Intumescent sheet was cut-to~-size
fnd ‘screéew-attached to the steel framing (aluminum foil face on

‘exterior) with No. 10-16 by -3/4 in. long self-drilling, -
-self-tapping hex-~washer head .steel screws with 5/8 in. diameter
LU stdel washers, as shown in ILLS. 8§ and 11. The screws were -
ﬁ;f;-IOCated“@%*hach”hotner of ‘the sheets to hold each sheet in
% position. "The section of the protective enclosure containing the
.+ cable ai;hdqop,wasﬁleﬁg open...-After installation of the
L 9?§téct£06“wga§Jothhe,cablarair’drop, the protective enclosure
f,f,arbpnd:theﬁgaﬁle‘tray was.completed. A bead of caulk wasg applied
Fﬁ?GVQf?the‘;httgﬁ*joints of. therintumescent sheet and each joint
.:Was covered with a layer:of 4 in. wide intumescent mat (aluminum
£041 face on exterior) and.a 4 in. wide strip of steel hardware
‘€loth; -as shown in ILLS. 8,.11 and 12. The intumescent mat and
- steel hardware cloth were secured to the intumescent sheet with
- No. 10-16 by 3/4 in. long self-drilling, self-tapping hex-washer
~ 7 head steel screws with 5/8 in. diameter washers spaced
.. approximately 6 in. oC. ‘The-intumescent sheets and joint covers
ST were additidﬁally,secured in place with steel banding straps :
: f;wrapped'aroundfthe enclosure and ‘spaced approximately 6 to 8 in,
1’0, as shown in ILL. 8. The steel banding straps were secured
- . with crimp clips and were covered with aluminum foil tape. aAs a
o final step, an 8 in, wide.strip of intumescent mat (aluminum foil
o . face on’ exterior) and an 8 in, wide strip of steel hardware cloth
. . were formed into an angle with 2°in. and 6 in. legs and was
" .-installed ‘at the interface of the protective enclosure and the
- .;underside of the floor around-the entire perimeter of the
. protective enclosure, as shown in ILL. 10. The 2 in. legs of the
,“fintumescent_mat;anqysteel hardware cloth angles were secured to
[Etbe“intumescentﬂsheets of the:protective enclosure with No. 10-~16
by “3/4 ;n.ﬂloﬁQQseLf—drilling, self-tapping hex-washer head steel
: yscreﬁs’wichS/af;p, diameter steel washers and with a . ‘ :
ljsupplempntal~steel,banding strap. The 6 in. legs of the
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A thick bead of caulk was applied around the trapeze support

at its two points of egress from the protective enclosure around
-the cable tray. The two vertical legs of the trapeze support

were each protected with two wraps of intumescent sheet (aluminum
foil face on exterior), as shown in ILL. 13. The first layer of
intumescent mat was secured in place with aluminum foil tape
along the vertically-oriented seam. The second layer of '

‘intumescent mat was installed such that its vertically-oriented

pattern with ceramic cord on 2 in. centers. The trapeze
‘support/floor interface was protected as shown in ILL. 14.

~junction box and the underside of the floor. The steel framing
~was installed such that no contact was made between the framing
-and the junction box. Intumescent sheet was cut-to-size and
‘Screw-attached to the steel framing (aluminum foil face of
-exterior) with No. 10-16¢ by 3/4 in. long self-drilling,
.self-tapping hex-washer head steel screws with 5/8 in. diameter

steel washers. The Screws were located at each corner of the

-sheet to hold each sheet in position. The bottom of the
Protective enclosure containing the cable air drop was left open.

.4 in. wide intumescent mat (aluminum foil faced on exterior) and
8 4 in, wide strip of steel hardware cloth. The intumescent mat

and steel hardware cloth were secured to the intumescent sheet -

‘with No. 10-16 by 3/4 in. long self-drilling, self-tapping _
-hex-washer head steel screws with 5/8 in. diameter washers spaced
v approximately 3 in. OC. The intumescent sheets and joint covers

- with crimp clips. as a final step, an 8 in. wide strip of .

intumescent mat (aluminum foil face on exterior) and an 8 in.
wide strip of steel hardware cloth were formed into an angle with
2 in. and 6 in. legs and was installed at the interface of the

hex-washer head steel Screws and a steel banding strap. The

‘were secured to the underside of the floor with Type 8d coated

sinker nails in conjunction with 5/8 in. diameter steel washers.
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The table air drop, extending from the steel junction box to
the cable tray of System No. 1, was protected with five wraps of
~intumescent mat installed in the same manner as the wraps on
conduit, as shown in ILL. 17. Each layer of mat was wrapped
around the cable air drop and secured in position with steel

staples spaced maximum 3 in. OC along the longitudinal seam.
Adjacent lengths of intumescent mat overlapped the preceding
length by 1 to 3 in. Succeeding layers of intumescent mat were
installed in the same fashion with the stapled longitudinal seam
of each layer diametrically opposed from that of the preceding
layer. The overlap locations for each succeeding layer was
offset a minimum of 6 in. from the overlap of the preceding
layer. The fifth layer of intumescent mat on the cable air drop
‘was wrapped with aluminum foil tape and was additionally secured
with ceramic cord criss-crossed and spaced 2 in. OC in both
directions. The five layer intumescent mat wrap on the cable air
drop extended 9 in. into the.protective envelope of the cable
tray and projected into the protective enclosure of the junction
box such that it butted against the bottom of the junction box.
The crescent-shaped opening in the protective enclosure for the
cable tray and junction box to accommodate the cable air drop. was
nominally 7-1/4 in. long by maximum 3-3/4 in. wide. After
‘installation of the intumescent sheets completing the protective
~envelopes for the cable tray and junction box of System No. 1, a
wide bead of caulk was applied around the periphery of the
intumescent mat wrap on the cable air drop at its interface with
- the protective envelopes. The cable air drop/protective envelope
/interface was then covered with aluminum foil tape.
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The nominal 5 in. diameter rigid steel conduit of System
Nos. 2 and 3 were each protected with three layers of intumescent

mat, installed as shown in ILL. 17. Starting at the top of one

of the vertical legs, a length of intumescent mat was cut to the
required width and wrapped around the steel conduit such that the
longitudinal seam was oriented on the side of the conduit. The
intumescent mat wrap abutting the underside of the floor was slit
4 in. parallel with the longitudinal seam at 4 in. intervals
around the perimeter of the wrap and folded 90° such that the -
flaps were against the underside of the assembly. The
longitudinal seam of the intumescent mat wrap was secured using
aluminum foil tape. Adjacent lengths of intumescent mat .
overlapped the preceding length a minimum of 1/2 to 3 in. The
various lengths of intumescent mat wrap continued around the
conduit system up to the other vertical leg's interface with the
floor. At the floor interface, the intumescent mat wrap was slit
in the same manner as at the other vertical leg. Each successive
layer was installed in the same manner as the first layer with
the longitudinal seam of each layer diametrically opposed tc the
longitudinal seam of the preceding layer and with the overlap

~locations for each succeeding layer offset a minimum of 6 in.

from the overlap of the preceding layer. After all three layers
were installed, nominal 4 by 8 in. Pieces of intumescent mat were
folded 90° and installed around the perimeter of the outermost
wrap at the interface with the floor. Each folded piece
overlapped the preceding piece approximately 1/2 to 1 in. and was
secured to the conduit wrap with aluminum foil tape. After the
Perimeter treatment was completed, two pieces of intumescent '
sheet were cut to conform to the contours of the conduit wrap and
to cover the perimeter wrap. The two-piece intumescent sheet
cover extended approximately 6 in. beyond the conduit wrap and
was held in place with 3/8 in. diameter threaded steel rods
installed through the floor slab and secured with steel nuts in
conjunction with 1-1/4 in, diameter steel washers, as shown in
ILL. 18. As a final step, the conduit wrap was loosely tied with
ceramic cord which criss-crossed in both directions and was
spaced a maximum of 2 in. oOC.
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TEST ASSEMBLY NO. 2

The full-scale floor test assembly was constructed in
accordance with the methods specified by the submittor, as shown
in ILLS. 7 through 18 and 25 through 31. The construction of the
test assembly was observed by members of the technical and
engineering staff of Underwriters Laboratories Inc.

The same floor assembly from Test Assembly No. 1 was used
for Test Assembly No. 2. After the fire test of Test Assembly
No. 1, the vermiculite concrete grout was removed from the 6 in.
separation between floor slabs and the cable trays, steel -
conduits and junction boxes were removed from the assembly.

The location of the various electrical circuit protective
systems in the floor assembly is shown in ILL. 25. :

The cable tray system for System No. 1 was assembled into a
"U"-shape as shown in ILL. 26. The cable tray system was L

~assembled with steel connectors in conjunction with 3/8 in.

diameter by 3/4 in. long steel carriage bolts and steel
lock=-nuts. After assembly, the system was lifted through the

~nominal 6 in. slots in the floor and was oriented such that it
projected 36 in. above and below the floor slabs. The cable tray

system was suspended by means of nominal 3 by 3 by 1/4 in. steel
angles, 20 in. long, spanning across the projecting steel
reinforcement of the floor slabs and welded to the cable tray
siderails, as shown in ILL. 26. The cable tray was additionally -
supported at the center of its horizontal run by a steel trapeze
support installed as shown in ILL. 26. :

‘ The nominal 5 in. diameter rigid steel conduit for System
No. 2 was assembled into a "U"-shape as shown in ILL. 27. The
conduit was assembled with threaded steel connectors. The two.
open ends of the conduit were provided with bushings. After
assembly, the conduit system was lifted through the nominal 6 in.

slots in the floor and was oriented such that it projected 36 in.
‘above and below the floor slabs. The conduit system was

suspended be means of nominal 3 by 3 by 1/4 in. steel angles,
20 in. long, spanning across the projecting steel reinforcement

of the floor slabs and welded to the conduit sides, as shown in
ILL. 27. . v
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Prior to installation of the steel junction box for System
No. 3, two nominal 2-3/8 in. diameter holes for the nominal 2 in.

- diameter Trade Size steel conduit were die-cut in the bottom and

side of the steel enclosure as shown in ILL. 28. The steel
junction box was attached to the underside of the floor with
3/8 in. diameter threaded steel rods passing through the floor
and secured with steel lock-nuts in conjunction with 1-1/4 in.
diameter steel washers. The nominal 2 in. diameter rigid steel

wconduit was then installed as shown in ILL. 28. The vertical leg

of the conduit elbow projected approximately 3 in. above the top
surface of the floor.

Three cable types were installed in the cable tray of System

‘No. 1. A total of 11 single-conductor 300 MCM cables were

cut-to-size and installed individually along the west third of
the cable tray. The seven-conductor No. 12 AWG and the
two-conductor No. 16 AWG cables were each looped back-and-forth

‘such that the cable loading for each cable type was comprised of

an individual cable. A total of 13 runs of the seven-conductor

. No. 12 AWG cables were installed along the east third of the .

~cable tray system. A total of 30 runs of the two-conductor
~'No. 16 AWG cables were installed in the center third of the cable
tray system. Each cable installed in the cable tray system was

tightly secured to every other rung of the cable tray system with

-nylon ties. The cable ‘fill resulted in a single layer of cables

across the entire width of the cable tray system.

. In addition to the single layer £ill, 12 in. lengths of the

three cable types were placed in the horizontal portion of the
cable tray system, evenly distributed across two cable tray

rungs, as shown in ILLS. 8 and 26. A total of twenty-three

12 in. lengths of 300 MCM cable, forty-four 12 in. lengths of
-Seven-conductor No. 12 AWG cables and 220 12 in. lengths of
~two-conductor No. 16 AWG cables were installed. The cable
lengths were tightly packed and completely filled the cable tray
flush with the top plane of the cable tray siderails. The total

weight of the 12 in. lengths of cable installed in the cable tray
system was 46.2 1b.

In System No. 2, one 300 MCM cable, one seven-conductor
No. 12 AWG cable and two two-conductor No. 16 AWG cables were
grouped together and bundled with nylon ties. The cable bundle
was then installed in the rigid conduit.
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Two cable types were installed in the junction box and
conduit of System No. 3. One seven-conductor No. 12 AWG cable

- 'and two two-conductor No. 16 AWG cables were grouped together and

bundled with nylon ties spaced approximately 18 in. OC. The
cable bundle passed through the conduit and junction box with

each end of the cable projecting through the floor and extending
36 in. above the floor surface.

After installation of the cable tray, conduits and junction
box, the four nominal 6 in. wide slots in the floor assembly
containing the vertical legs of the cable tray and conduit
systems were filled with vermiculite concrete as a firestop.
Removable forms were placed beneath each slot, flush with the
underside of the floor slab. a nominal 1 in. thick bead of
Type 303 putty was applied to the cables of System No. 1 around
the edges of the forms to minimize leakage of the vermiculite
concrete. Nominal 7 in. lengths of nominal 1/2 in. diameter
deformed steel rods were wedged into each slot to act as
reinforcement. The vermiculite concrete, composed of five parts
expanded vermiculite aggregate to one part Portland cement, by
bulk volume, and mixed with water, was pumped into the slots and

- struck with a trowel. After drying for 24 h, the forms were
‘removed from the underside of the floor assembly. :

The protective enclosure for the cable tray of System No. 1
was installed as shown in ILLS. 7 through 12. Starting at the
top of one of the vertical legs, a length of intumescent mat was

4 in. parallel with the longitudinal seam at each corner of the
cable tray and folded 90° such that the flaps were against the
underside of the floor. The flaps were secured to the floor with
Type 84 coated sinker nails in conjunction with 5/8 in. diameter
steel washers. The longitudinal seam of the intumescent mat wrap -
was secured using aluminum foil tape. Adjacent lengths of

intumescent mat wrap overlapped the preceding length 3 to 6 in.

the cable tray where it abutted the trapeze support. At that

point, a bead of Type CP-25 caulk was applied at the intumescent '
mat wrap/trapeze support interface. The intumescent mat wrap on

the second half of the cable tray system was applied inm the same
manner. The intumescent mat wrap from the two halves of the

cable tray system were butted over the top and one side of the

trapeze support. The butted joint was covered with a 9-1/4 in.

wide piece of intumescent mat, centered over the butted joint.

All joints were covered with aluminum foil tape.
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”The'%teel framing for the protective enclosure around the

through 10. As shown in ILLS. 9 and 10, a gasket formed from

‘intumescent sheet and caulk was installed between the steel
framing and the underside of the floor at both ends of the cable
. tray system. The steel framing was installed such that no

. contact was made between the framing and the cable tray system
except at the trapeze support. Intumescent sheet was cut-to-size
~and screw-attached to the steel framing (aluminum foil face on

_.exterior) with No. 10-16 by 3/4 in. long self-drilling,

. .self-tapping hex-washer head steel screws, as shown in ILLS. 8
"-and 11. The screws were located at each corner of the sheets to
;hold'eacg sheet in position. A bead of caulk was applied over

.-the butted joints of the intumescent sheets and each joint was
covered with a layer of 4 in. wide intumescent mat (aluminum foil
face on exterior) and a 4 in. wide strip of steel hardware cloth,
-as shown in ILLS. 8, 11 and 12. The intumescent mat and steel
"hardware cloth were secured to the intumescent sheet with

. No. 10-16 by 3/4 in. long self-drilling, self-tapping hex-washer

head steel screws with 5/8 in. diameter steel washers near each
end of each strip. The intumescent sheets and joint covers were

‘additionally secured in place with steel banding straps, with
~crimp clips, wrapped around the enclosure and spaced
© approximately 6 in. OC, as shown in ILL. 8. As a final step, an

8 in. wide strip of intumescent mat (aluminum foil faced on

’fvextérior) and an 8 in. wide strip of steel hardware cloth were

formed into an angle with 2 in. and 6 in. legs and was installed

. the floor around the entire Perimeter of the enclosure, as shown

in ILL. 10. The 2 in. leg of the intumescent mat and steel

"hardware cloth angles were secured to the intumescent sheet of
‘the protective enclosure with No. 10-16 by 3/4 in. long

self-drilling, self-tapping hex-washer head steel screws with
5/8 in. diameter steel washers with additional steel banding
straps. The 6 in. leg of the intumescent mat and steel hardware

cloth angles were secured to the underside of the floor with

Type 8d coated sinker nails in conjunction with 5/8 in. diameter

. 8teel washers.
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The nominal 5 in. diameter rigid steel conduit of System
No. 2 was protected with two layers of intumescent mat, as shown
in ILL. 17. Starting at the top of one of the vertical legs, a
length of intumescent mat was cut to the required width and
wrapped around the steel conduit such that the longitudinal seam
was oriented on the side of the conduit. The intumescent mat
wrap abutting the underside of the floor was slit 4 in. parallel
with the longitudinal seam at 4 in. intervals around the
perimeter of the wrap and folded 90° such that the flaps were
against the underside of the floor assembly. The longitudinal
seam of the intumescent mat wrap was secured using aluminum foil
tape. Adjacent lengths of intumescent mat overlapped the -

‘preceding length a minimum of 4 in. The various lengths of

intumescent mat wrap continued around the conduit system up to

‘the interface with the floor at the other vertical leg. At the
.interface with the floor, the intumescent mat wrap was slit in

the same manner as at the other vertical leg. The second layer
of intumescent mat was installed in the same manner as the first

“layer with the longitudinal seam of the second layer

diametrically opposed to the longitudinal seam of the first .
layer and with the overlap location offset a minimum of 6 in.-
from the overlap of the first layer. After both layers of
intumescent mat were installed, nominal 4 by 8 in. pieces of
intumescent mat were folded 90° and installed around the
perimeter of the outermost wrap at the interface with the floor.
Each folded piece overlapped the preceding piece approximately

1 in. and was secured to the conduit wrap with aluminum foil
tape. After the perimeter treatment was completed, two pieces of
intumescent sheet were cut to conform to the contours of the .
conduit wrap and to cover the perimeter wrap. The two-piece
cover extended approximately 6 in. beyond the conduit wrap and

was held in place with 3/8 in. diameter threaded steel rods

installed through the floor slab and secured with steel nuts in
conjunctions with 1-1/4 in. diameter steel washers, as shown in
ILL. 18, As a final step, the conduit wrap was loosely tied with

ceramic string spaced approximately 2 in., OC.
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The*steel framing for the protective enclosure around the
junction:box of System No. 3 was installed as shown in ILL. 15,
The steel framing was installed such that no contact was made
between the framing and the junction box. Intumescent sheet was
cut-to-size and screw-attached to the steel framing (aluminum
foil face on exterior) with No. 10-16 by 3/4 in. long
self-drilling, self-tapping hex-washer head steel screws. The
screws were located at each corner of the sheet to hold each
sheet in position. A 2-3/8 in. diameter hole was cut in the
intumescent sheet to accommodate the nominal 2 in. diameter rigid

- 8teel conduit. A bead of caulk was applied over the butted

joints of the intumescent sheets and each joint was covered with
a layer of 4 in. wide intumescent mat (aluminum foil face on
exterior) and a 4 in. wide strip of steel hardware cloth. The
intumescent mat and steel hardware cloth were gsecured to the
intumescent sheet with No. 10-16 by 3/4 in. long self-drilling,
self-tapping hex-washer head steel screws with 5/8 in, diameter
steel washers spaced approximately 6 in. OC. As a final step, a
4 in. wide strip of intumescent mat (aluminum foil faced on
exterior) and a 4 in. wide strip of steel hardware cloth were
formed into an angle with 2 in. legs and were installed at the

 interface of the protective enclosure and the underside of the

floor around the entire perimeter of the enclosure, as shown in
ILLS. 16 and 29. The intumescent mat and steel hardware cloth

. a@ngles were secured to the intumescent sheet of the protective

enclosure with No. 10-16 by 3/4 in. long self-drilling,
self-tapping hex-washer head steel screws with 5/8 in. diameter

- steel washers. The intumescent mat and steel hardware cloth

angles were secured to the underside of the floor with Type 8d

- coated sinker nails in conjunction with 5/8 in. diameter steel
- washers. ’

After installation of the protective enclosure around the
steel junction box of System No. 3, the nominal 2 in. diameter

‘rigid steel conduit was wrapped in a single layer of intumescent

mat, as shown in ILL. 29. The mat butted against the junction
box protective enclosure and was installed with the longitudinal
seam located on the side of the conduit. The intumescent mat
wrap on the conduit was installed in two pieces, with the two

.~ Pleces overlapped 2-1/2 in. At the interface with the floor, the

intumescent mat wrap was slit parallel with the longitudinal seam
at 2 in. intervals around the perimeter of the wrap and folded
such that the flaps were against the underside of the assembly.
The flaps were secured to the underside of the floor using

' - Type 8d coated sinker nails. The longitudinal seam of the

intumescent wrap was secured using steel staples spaced
approximately 1-1/4 in. OC and covered with aluminum foil tape.
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After installation of the intumescent mat wrap on the steel
conduit of System No. 3, three "uy* sections of steel framing were
formed from Type P100 Unistrut channels and Type A1026 fittings
and were secured to the. steel framing of the junction box and the
underside of the floor as shown in ILL. 29. A three-sided
enclosure was formed from intumescent sheet as shown in ILL. 29.
Adjacent lengths of the three-sided enclosure were butted and
centered over the intermediate "U"~-shaped steel framing and were
Secured to the steel framing at both ends with No. 10-16 by )
3/4 in. long self-drilling, self-tapping hex-washer head steel
screws as shown in ILL. 29, The hemmed edges of the three-sided
enclosure were secured to the underside of the floor with 3/8 in.

'diameter threaded steel rods passing completely through the floor
‘and spaced 12 in. OC on both sides of the enclosure. The

interface of the three-sided enclosure with the protective

-enclosure from the steel junction box was sealed with a bead of

Type CP-25 caulk and was covered with nominal 4 in. wide strips
of intumescent mat and steel hardware cloth formed into angles

and secured to the intumescent sheet of the two protective

enclosures with No. 10-16 by 3/4 in. long self-drilling,
self-tapping hex-washer head steel screws with 5/8 in. diameter:

~washers. The butted joint of the intumescent sheet at . the center
of the 6 ft long three-sided enclosure were also sealed with a

bead of caulk and covered with @ 4 in. wide strip of intumescent

mat and steel hardware cloth secured with the steel screws and

washers, The end of the enclosure was sealed with a rectangular
Piece of intumescent sheet secured to the steel framing with
Steel screws. The joints at the end of the protective enclosure

were covered with 4 in. wide strips Jf intumescent mat and steel
hardware cloth. o

The appearance of the exposed and unexposed surfaces of thé.
assembly before the fire test are shown in ILLS. 30 and 31,
respectively.

CJJ/KWH: jmd
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: TEST RECORD NO. 1

" FIRE ENDURANCE TEST:

_ The fire endurance test was conducted with the furnace
temperatures controlled in accordance with the Standard, Fire
Tests of Building Construction and Materials, UL 263 (ASTM E119).

SAMPLE

The fire endurance test was conducted on Test Assembly No. 1
constructed as previously described in this Report under the
section entitled "Erection of Test Assemblies" and as shown in
ILLS. 1 through 20.

The installation of the electrical cable systems and
electrical circuit protective systems was completed approximately
. seven days before the fire endurance test was conducted.

METHOD
o The standard equipment of Underwriters Laboratories Inc. for
testing floor assemblies was used for the fire endurance test.

The temperatures of the furnace chamber were measured by 16
- thermocouples which were placed 12 in. from the underside of the
. floor assembly, located as shown in ILL. 21. 1In addition, the -
. temperatures of the furnace chamber in the "U" of System Nos. 2
and 3 and in the "U" of the cable tray receiving the cable air
" drop of System No. 1 were measured by three thermocouples placed
. 12 in. from the bottom surface of the floor at the center of each
. 8system, as shown in Appendix A, ILL. Al.

The temperatures of the cables, junction boxes, steel
conduits and electrical circuit protective systems on the exposed
side of the assembly were measured by 108 thermocouples, located
as shown in App. A, ILLS. Al through A6.

Each conductor of each cable in each electrical circuit
protective system was energized and monitored for circuit
integrity throughout the fire endurance test. With the exception
of System No. 4, each system contained seven separate electrical

, ‘circuits. The details of the electrical circuits and the
monitoring device are shown in ILL. 22.
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RESULTS

‘ Character and Distribution of Fire - The fire was luminous
and weII-alstriEUtea, and the furnace temperatures following- the

. Standard Time-Temperature Curve as outlined in the Standard,

UL 263, and as shown in ILL. 21, The temperatures of the furnace

- chamber measured in the "U" of the two conduit systems also :

- followed the Standard Time-Temperature Curve outlined in the

Standard, UL 263, and as shown in Appendix A, ILLS. A36 and A}?;

Observations During Test - By 1 min, the intumescent sheets
- forming the protective enclosures for the cable tray and junction

box of System No. 1 and the junction box of System No. 4 were

flaming and the aluminum foil tape was peeling from the joints

. and corners. The intumescent mat on the cable air drop of System

No. 1 and on the conduits of System Nos. 2, 3 and 4 was also
flaming slightly. As the test progressed, the flaming of the
intumescent mat diminished. The flaming of the intumescent

-sheets became heavier and commenced smoking profusely by 10 min.

The smoking and flaming of the intumescent sheets continued

“throughout the fire test.

By 4-1/2 min, light smoke was fising from the floor
firestops on the unexposed side of the assembly, The smoke

density and volume gradually increased as the test progressed.

The furnace fire wasg extinguished at 62 min, 30 s,
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Temperatures of the Assembly - The temperatures measured by
the various thermocouples were recorded at 2 min intervals during
the fire test. These temperatures are tabulated in App. A,
ILLS. A7 through A35,.

HOSE STREAM TEST:

SAMPLF

The hose stream was applied to the exposed surface of the
floor assembly. The hose stream test commenced approximately

5 min, 30 s after the furnace fire was extinguished.

METHOD

Following the fire exposure, the test assembly was lifted
from the furnace and moved to the hose stream area. During the
move to the hose stream area, the electrical circuits in each
electrical circuit protective system were energized and monitored
for circuit integrity. No electrical faults developed in any of

-the electrical circuit protective systems during the move from
‘the furnace to the hose stream area.

The hose stream test was conducted in accordance with thé
American Nuclear Insurers (ANI) Standard entitled "ANI/MAERP

Standard Fire Endurance Test Method to Qualify a Protective

Envelope for Class 1lE Electrical Circuits" dated July, 1979. The

‘electrical circuit protective systems were subjected to the

action of a 30 psi hose stream applied for a duration of 2 min,
30 s. The hose stream was applied with a 1-1/8 in. diameter
nozzle at a perpendicular distance of approximately 17 ft, 3 in.
from the center of the test assembly and on a line approximately
27° from a line normal to the center of the test assembly.

Each conductor of each cable in each electrical circuit
protective system was energized and monitored for circuit
integrity during the hose stream test.

| RESULTS

The electrical circuit protective systems remained intact

-during the hose stream exposure. No electrical faults developed
‘in any of the electrical circuit protective systems during the
-hose stream test.
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| OBSERVATIONS AFTER TEST:

The appearance of the exposed surface of the assembly after

.- the fire endurance and hose stream tests is shown in ILLS. 25 and

In System No. 1, the intumescent sheet enclosures on the

~ cable tray and junction box were black and intumesced but

remained in place. The intumescent mat wrap on the cable air

-drop was eroded by the water hose stream but remained in place.
Beneath the intumescent mat wrap on the cable air drop, the cable
“bundle appeared undamaged. However, within the steel junction
"box and within the cable tray, the cable bundle showed signs of
~heat damage. ' v

In System Nos. 2 and 3, the intumescent mat wrap on the

. steel conduits was eroded by the hose stream. Beneath the
“intumescent mat, the steel conduits appeared unchanged except for

a slight discoloration. Within the steel conduits, the jacket

‘material on the two-conductor No. 16 AWG cables was softened and
-distorted, but none of the insulation on any of the cable
conductors was damaged.

In System No. 4, the intumescent sheet enclosure on the
steel junction box was blackened and intumesced but remained in
place. The intumescent mat wrap on the steel conduit was eroded
by the hose stream but remained in place. Beneath the

intumescent mat, the steel conduit appeared unchanged except for

a slight discoloration. Within the steel conduit, the jacket

‘material on the two-conductor No. 16 AWG cables was softened and

distorted, but none of the insulation on any of the cable v
conductors was damaged. However, within the steel junction box,

the cable jacket and insulation material was heat damaged and the

copper conductors were visible.
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FIRE ENDURANCE TEST:

- The fire endurance test was conducted with the furnace
temperatures controlled in accordance with the Standard, Fire
-Tests of Building Construction and Materials, UL 263 (ASTM E119).

SAMPLE

v The fire endurance test was conducted on Test Assembly No. 2
constructed as previously described in this Report under the
Section entitled "Erection of Test Assemblies”™ and as shown in
ILLS. 25 through 31.

, The installation of the cable systems and electrical circuit
protective systems was completed approximately seven days before
‘the fire endurance test was conducted.

METHOD
| The standard equipment of Underwriters Laboratories Inc. for
testing floor assemblies was used for the fire endurance test.

The temperatures of the furnace chamber were measured by 16
‘thermocouples which were placed 12 in. from the underside of the
floor assembly, located as shown in ILL. 32, In addition, the
temperatures of the furnace chamber in the "U" of System Nos. 1
and 2 were measured by two thermocouples placed 12 in. from the
bottom surface of the floor at the center of each system, as
shown in App. B, ILL. Bl.

] The temperatures of the cables, cable tray, junction box,
steel conduits and electrical circuit protective systems on the
exposed side of the assembly were measured by 129 thermocouples,
located as shown in App. B, ILLS. Bl through BS.

Each conductor of each cable in each system was energized
and monitored for circuit integrity throughout the fire endurance
test. With the exception of System No. 3, each electrical _
circuit protective system contained seven separate electrical

- circuits. The details of the electrical circuits and the
\ monitoring device are shown in ILL. 22.

Throughout the fire test, observations were made of the

character of the fire and its control, the conditions of the
S exposed and unexposed surfaces, and all developments pertaining
. to the performance of the electrical circuit protective system

with special reference to circuit integrity.
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RESULTS

B Character and Distribution of Fire - The fire was luminous

- and weII-aIstrISutea, and the furnace temperatures followed the

- Standard Time-Temperature Curve as outlined in the Standard,

‘UL 263, and as shown in ILL. 32. The temperatures of the furnace

chamber measured in the "U" of System Nos. 1 and 2 also followed
the Standard Time-Temperature Curve outlined in the Standard,

UL 263, and as shown in App. B, ILL. B40.

‘ Observations During Test - By 1 mih, light flames were
1ssuing from the intumescent mat joints on the nominal 5 in.

diameter rigid steel conduit of System No. 2. By 2-1/2 min,'éhe

'“intumescent sheet enclosure of System Nos. 1 and 3 were flaming.
"By 6 min, all of the Systems were flaming profusely and light
‘smoke was issuing from System Nos. 1 and 3. By 13 min, the

flaming of the intumescent mat wrap of System No. 2 had stopped.

‘At that time, the intumescent sheet enclosures of System Nos.. 1

and 3 continued to flame. The flaming of the intumescent sheet

enclosures of System Nos. 1 and 3 continued throughout the fire
test at a diminishing rate. '

At 38 min, it was noted that the edge of the intumescent ,
sheet on the bottom surface of System No. 1 immediately adjacent
to the south side of the trapeze support had slipped from beneath
the steel banding strap and was bowing downward such that a
maximum 1 in. high vertical opening was present at the center of
the sheet edge. The vertical opening at the center of the sheet
edge increased in size as the test progressed. By 60 min, the

maximum vertical opening at the center of the sheet edge was
approximately 4 in, '

By 19 min, a small amount of smoke was rising from the fléqr-

‘firestops on the unexposed side of the assembly. The smoke

density and volume gradually increased as the test progressed.3j_

'The furnace fire was extinguished at 61 min, 20 s.

' Temperatures of the Assembly - The temperatures measured by
the various t ermocouples were recorded at 2 min intervals during
the fire test. These temperatures are tabulated in App. B,

ILLS. B6 through B39. ‘
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HOSE STREAM TEST:

SAMPLE

The hose stream was applied to the exposed surface of the
-floor assembly. The hose stream test commenced approximately
S min, 40 s after the furnace fire was extinguished.

METHOD

Following the fire exposure, the test assembly was lifted
.from the furnace and moved to the hose stream area. During the
-move to the hose steam area, the electrical circuits in each
electric circuit protective system were energized and monitored
for circuit integrity. No electrical faults developed in any of
the systems during the move from the furnace to the hose stream
area. .

!

The hose stream test was conducted in accordance with the
American Nuclear Insurers (ANI) Standard entitled "ANSI/MAERP
Standard Fire Endurance Test Method to Qualify a Protective -
EEnvelope for Class 1E Electrical Circuits" dated July, 1979. The
electrical circuit protective systems were subjected to the
action of a 30 psi hose stream applied for a duration of 2 min,
30 s. The hose stream was applied with a 1-<1/8 in. diameter
nozzle at a perpendicular distance of approximately 17 ft, 3 in.
from the center of the test assembly and on a line approximately
27° from a line normal to the center of the test assembly.

Each conductor of each cable in each electrical c1rcﬁ1t
protective system was energized and monitored for circuit
~integrity during the hose steam test.

RESULTS
: The electrical circuit protective systems remained intact
during the hose stream exposure. No electrical faults developed
'in any of the systems during the hose stream test.

OBSERVATIONS AFTER TEST:

The appearance of the exposed surface of the assembly after
~the fire endurance and hose stream tests is shown in ILL. 33.
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In System No. 1, the intumescent sheet enclosure on the
~cable tray was black and intumesced and, in some locations, was
-eroded by the water hose stream such that the steel backer plate
was exposed. The intumescent sheet which had bowed downward ' '
during the fire endurance te t was back in almost its original
position. Beneath the intuméscent sheet, the intumescent mat
wrap on the cable tray was intumesced and remained securely in
position. Beneath the intumescent mat wrap, the single-conductor
No. 300 MCM cables and the two-conductor No. 16 AWG cables
-appeared to be undamaged. The jacket material on the seven-
conductor No. 12 AWG cables was melted, charred and, in some
places, completely missing from the insulated conductors,
‘Beneath the heavily damaged jacket material, the insulation on
the individual cable conductors was discolored in areas but
appeared essentially undamaged, :

In System No. 2, the intumescent mat wrap was eroded by the
water hose stream but remained in place. Beneath the intumescent
mat wrap, the steel conduit was discolored but undamaged. Within
the conduit, the single~conductor No. 300 MCM cable and the two-
-conductor No. 16 AWG cable was melted, charred and, in some

. Places, completely missing from the insulated conductors,
Beneath the heavily damaged jacket material, the insulation on

‘ the individual cable conductors was discolored in areas but
appeared undamaged.

In System No. 3, the intumescent sheet enclosure on the
steel junction box and around three sides of the steel conduit
was blackened and intumesced but remained in place. Beneath the
intumescent sheet enclosure, the intumescent mat wrap on the:
steel conduit remained intact. Beneath the intumescent mat wrap,
the steel conduit was discolored but appeared undamaged. Within
the steel conduit, the two-conductor No. 16 AWG cables appeared
undamaged but the jacket material on the seven-conductor o
No. 12 AWG cable was melted and charred. Beneath the melted, .
charred jacket material, the insulation on the individual cable
conductors appeared undamaged. Within the steel junction box,
the insulation and jacket materials on both the two-conductor
No. 16 AWG cables and the seven-conductor No. 12 AWG cable were
partially consumed such that the copper conductors were exposed.
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STUDY FOR CLASSIFICATION:

As noted in the preceding sections of this Report entitled
"Observations After Test" in Test Record Nos. 1 and 2, the cables

- within the steel junction boxes were partially consumed such that
~some of the copper conductors were exposed. However, no

" electrical faults showed up on the circuit monitoring device-

. 8ince the exposed copper conductors did not contact either each
.other or the steel junction box. However, based on the physical
-jevidence following the tests, it was determined that the

electrical circuit protective systems on the steel junction boxes

- are not eligible for Classification.

In System No. 1 of Test Assembly No. 1 (cable air drop) , the
cable bundle protected by the five layers of intumescent mat wrap

. withstood the fire endurance and hose stream tests without
- sustaining heat damage and without developing electrical faults.

However, the portions of the air drop cable bundle within the
steel junction box and cable tray were heavily damaged. Based on
the satisfactory performance of the cable air drop, it was

- determined that the cable air drop protective system would be

- eligible for Classification as a 1 h rated system provided that

- it was used in conjunction with 1 h rated electrical circuit
protective systems at both ends.

In System No. 4 of Test Assembly No. 1, the cables within
the nominal 2 in., diameter rigid steel conduit protected by five
wraps of intumescent mat withstood the fire endurance and hose
stream tests without sustaining heat damage and without

~developing electrical faults. However, the cables within the
‘steel junction box were heavily damaged. Based on the

satisfactory performance of the electrical circuit protective
system around the nominal 2 in. diameter rigid steel conduit away
from the steel junction box, it was determined that the conduit
protective system would be eligible for Classification as a 1 h
rated system provided that it was used on uninterrupted conduit

‘runs penetrating fire rated walls or floors at both ends.



S AT S e e e Sl T

L e e ke e W A e i D U e S

. R10125-1,-2 Page T2-6 Issued: 10-19-83

In System No. 3 of Test Assembly No. 2, the cables within
the nominal 2 in. diameter rigid steel conduit protected by a
-8ingle wrap of intumescent mat and a three-sided enclosure formed
from intumescent sheet withstood the fire endurance and hose
Sstream tests without developing electrical faults. However, the
cables within the steel junction box were heavily damaged. Based
on the satisfactory performance of the electrical circuit
protective system around the nominal 2 in. diameter rigid steel
conduit away from the steel junction box, it was determined that
the conduit protective system would be eligible for
Classification as a 1 h rated system provided that it was used on
uninterrupted conduit runs penetrating fire rated walls or floors
-at both ends. ‘

As noted in the preceding section of this Report entitled.
"Observations After Test" in Test Record No. 2, the cable jacket
material on the seven~conductor No. 12 AWG cables in System -
‘Nos. 1, 2 and 3 was melted and charred but, except for the cables
"within the steel junction box of System No. 3, the insulation on
the individual cable conductors appeared undamaged. In order to
verify that no undetected faults occurred in the seven-conductor
‘'No. 12 AWG cables, nominal 4 to 5 ft long sections of the most
‘heavily damaged seven-conductor No. 12 AWG cables were removed
from each of the three cable systems. Each section of damaged
~cable was immersed in water, electrically loaded with 3000 V AC
-and tested for conductor-to-conductor and conductor-to-ground -

faults. No electrical faults occurred.

Prior to the construction and .test of Test Assembly No. 2, a
- review was made of the test data to determine the critical :
combination of cable tray type and percentage of cable fill to be
evaluated in the test assembly in order to establish coverage for
alternate cable tray types and a broad range of cable fill o
conditions in Classified systems. ’ '

Specifically, the review addressed the use of open-ladder
versus solid-bottom steel cable trays and the use of minimum fill
versus 100 percent visual fill cable loading in cable trays and
steel conduits. Our review indicated that, of the open-ladder
and solid-bottom steel cable tray types, the open-ladder type
cable tray was more critical from the standpoint of circuit
integrity. This was an expected observation in that:

1. Radiant energy incident on the underside of the
solid-bottom cable tray was partially reflected,
thereby shielding the electrical cables within the
tray. In open-ladder cable trays, the "black body"
electrical cable will absorb the incident radiant
energy.
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2.. *Typically, solid-bottom steel cable trays have greater
: mass than open-ladder steel cable trays. As such, the
' solid-bottom steel cable trays provide a greater heat
i : sink within the protective envelope than do the
. open-ladder steel cable trays.

~ 3. In solid-bottom cable trays, the compressive force
. exerted on the bottom layer of cables by the weight of
e the cable fill is distributed evenly across the flat

bottom of the cable trays. In open-ladder cable trays,
the compressive force exerted on the bottom layer of
cables by the weight of the cable fill is borne by the
rungs, resulting in concentrated loading of the
insulation and jacket materials in the bottom layer of
cables. The force exerted on the insulation and jacket
materials of the electrical cables in open-ladder cable
trays is 4 to 18 times greater than that exerted on
cables in solid-bottom cable trays, dependent upon the
rung spacing. During thermal degradation of the
electrical cable insulation and jacket materials, the
point loading of the electrical cables on the rungs of

_'» open-ladder cable trays will accelerate the occurrence
. of a fault between the electrical conductor and cable
tray. .

The review also indicated that, of the minimum cable £fill
‘and the 100 percent visual cable fill in cable trays and steel
-conduits, the minimum cable £ill is more critical from the
-standpoint of circuit integrity. This was an expected
obgservation in that the greater mass of the 100 percent visual
‘cable £ill affords a greater heat sink than does the single-layer
:cable fill.

. Based on the above, it was determined that, rather than
testing four separate cable tray systems to obtain coverage for

.. open-ladder and solid-bottom cable trays with cable fills ranging
from a single~-layer to a 100 percent visual fill, only an
"open-ladder cable tray system with a single-layer cable fill need
be tested. However, by simply testing with a single-layer fill
of cable in an open-ladder cable tray, the point loading of the
electrical cables on the rungs of the cable tray with a 100
percent visual cable fill is not addressed. 1In order to address
both conditions in one cable tray system, the cable tray system
in System No. 1 of Test Assembly No. 2 was provided with a
single-layer cable fill. 1In addition, a 100 percent visual cable

~ fill was simulated in a 12 in. portion of the horizontal run of

e -the cable tray system. The 12 in. lengths of cable were stacked
< atop the single layer of cables such that the weight of the

‘ ' cables was evenly distributed over two of the cable tray rungs.
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The cable tray system in System No. 1 of Test Assembly No. 2
withstood the fire endurance and water hose stream tests without
developing any electrical faults, Accordingly, it was determined
that the cable tray protective system tested would be eligible
for Classification as a 1 h rated system. Based on the above,
~the Classification coverage will be extended to include both
- open-ladder and solid-bottom cable trays containing a B
single-layer cable fill up to the maximum allowable cable fill
permitted in accordance with applicable provisions of the current
‘National Electrical Code. E

In steel conduit systems, the minimum cable fill was more
critical from the standpoint of circuit integrity than a maximum
~cable fill. This was an expected observation in that the greater

does the minimum cable fill. The compressive force exerted by
the maximum cable fill would have less effect in conduits than in
open-ladder cable trays as there would be no significant :
concentrated loading of the insulation and jacket materials on
the bottom layer of cables within the conduit.

. The conduit protective systems in System 4 of Test Assembly
*No. 1 and System Nos. 2 and 3 of Test Assembly No. 2 were tested
‘with a minimum cable £ill and, excluding the steel junction
boxes, each system was determined to be eligible for
Classification as a 1 h rated system. Based on the above, the
Classification coverage will be extended to include the maximum
allowable cable fill permitted in accordance with applicable
Provisions of the National Electrical Code.

cJJ
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The following conclusions represent the judgement of v
- Underwriters Laboratories Inc. based upon the results of the
. ‘ examination and tests presented in this Report as they relate to
:lestablished principles and previously recorded data.

. ~ FIRE RETARDANT PROPERTIES:

The electrical circuit protective systems provided with the
type of cables and protected with the types of electrical circuit
‘protective materials described in this Report are judged to
~achieve a 1 h fire rating.

The 1 h fire rating of the electrical circuit protective
systems was established by evaluating the performance of the
system with respect to maintaining the integrity of the
electrical circuits under fire exposure conditions and during a
hose stream test following the fire exposure.

The electrical circuit protective systems employing the
. - various electrical circuit protective materials will be .
: -illustrated in the Building Materials Directory, in summary form,
. as System Nos. 2, 3 and 4 and are illustrated at the end of this
" Report.

PRACTICABILITY:

g The materials used in the test assembly were readily
~installed by qualified workers with tools and methods commonly
- used for construction work of this nature. »

' CONFORMITY:
The assemblies were tested in accordance with the standard

time-temperature curve in the Standard, UL 263, specified earlier
in this Report.
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- FOLLOW-UP PROGRAM:

: The intumescent sheets, intumescent mat, caulk, ceramic cord
~and aluminum foil tape as described herein are judged to be
~eligible for Classification and Follow-Up Service of Underwriters
“Laboratories Inc. Under the Service, the manufacturer is
authorized to use the Laboratories' Classification Marking on
~such products which comply with the Follow-Up Service Procedure
_and any other applicable requirements of Underwriters
“Laboratories Inc. oOnly those products which bear the :
Laboratories' Classification Marking are considered as Classified
by Underwriters Laboratories Inc.

_ The Classification Marking to be used on containers of fhe
" ‘intumescent sheets, intumescent mat, caulk, ceramic cord and
aluminum foil tape is illustrated below: :

ELECTRICAL CIRCUIT PROTECTIVE MATERIALS
CLASSIFIED BY
UNDERWRITERS LABORATORIES INC. (:)
FOR USE IN ELECTRICAL CIRCUIT
PROTECTIVE SYSTEM NOS. 2, 3 AND 4
SEE UL BUILDING MATERIALS DIRECTORY
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System No., 2
Fire Rating - 1 H

Wall or Floor Assembly - (Not shown) - 1 h rated concrete or
masonry wall or concrete floor. Through opening in wall or
floor to be firestopped using a Classified firestop device
or system. See Through-Penetration Firestop Devices (Guide
XHCR) and Through-Penetration Firestop Systems (Guide XHEZ)
categories for presently Classified firestops.

Cable Tray - 24 in. wide, minimum 4 in. deep, solid bottom
or open-ladder cable trays. Solid bottom cable trays to be
formed of minimum 0.056 in. (16 gauge) galvanized steel.
Open-ladder cable trays to consist of channel-shaped
siderails formed of minimum 0.056 in. (16 gauge) galvanized
steel with nominal 3/4 in. wide by 1 in. deep boxed-channel
rungs formed of minimum 0.029 in. (22 gauge) galvanized
steel and spaced 6 in. 0.C. Cable trays shall be installed
as a complete system in accordance with all provisions in

- Article 318 of the current National Electrical Code.

Cable Tray Supports - The cable trays shall be supported by
U-shaped welded hangers formed of minimum 0.093 in. thick
(12 gauge) painted steel or minimum 0.097 in. thick (12
gauge) galvanized steel channels, 1-5/8 in. wide web with

1-5/8 in. high flanges with the flange edges hemmed for
stiffness.

Cables - Minimum No. 16 AWG jacketed multi-conductor cables
and/or minimum 250 MCM jacketed copper single-conductor
power cables. Cable insulation to be cross-linked
polyethylene. Cable jacket to be polyvinyl chloride. When
fillers are used in the cable construction, fillers to be
hemp, polyvinyl chloride or cross-linked polyethylene.
Maximum allowable fill area (cross-sectional area of cables
including cable insulation and jacket materials) for
multi-conductor cables is 28 in.? for open-ladder cable
trays and 22 in.? for solid bottom cable trays. The maximum
allowable fill area (cross-sectional area of cables
including cable insulation and jacket materials) for
single~conductor cables is 26 in.2. Cables to be installed
in cable trays in accordance with all provisions of

Article 318 of the National Electrical Code.
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5. Electrical Circuit Protective System - The electrical

. circuit protective system consists of intumescent mat,
aluminum foil tape, ceramic cord, steel framing, intumes
sheet, caulk, steel hardware cloth and steel banding str
- The system shall be installed in accordance with the
manufacturer's detailed instructions accompanying the

» below:

A, Electrical Circuit Protective Material* - Intumesce

_Electrical Circuit Protective Materials®*. The details o
“the electrical circuit protective system are summarized

cent
aps.

f

nt

Mat - Flex e sheet material, supplied in nominal

48 in. wide rolls. Installed by cutting-to-size and

wrapping around the cable tray system with each sheet
lapping itself a minimum of 6 in. over the top of the
cable tray. Adjacent sheets of material must overlap

the preceding sheet 3 to 6 in. Sheet material

installed and secured in place with aluminum foil tape
(Item 5B). Caulk (Item 5E) to be applied along the .
| edges of the intumescent mat at its interface with the
i . cable tray supports (Item 3) and at its interface with
§ the electrical circuit protective system on cable air

drops (Item 6).

Minnesota Mining & Manufacturing Co. - Type M20aA.

v? B. Electrical Circuit Protective Material* - Aluminum Foil
: Tape - 3 in. wide pressure-sensitive tape supplied in
. roEI

8. Used to secure intumescent mat wrap (Item 53).

o Minnesota Mining & Manufacturing Co. - Type 425,
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C. * Steel Framing - Steel channels with nominal 1~1/4 in.

wide web with either 1-1/4 in. or 3/4 in. high flanges
with the flange edges hemmed for stiffness and to
accommodate special mechanical fasteners. The channels
shall be formed of minimum 0.067 in. thick (14 gauge)
painted steel or minimum 0.070 in. thick (14 gauge)
galvanized steel. Steel channels assembled to form a
four-sided frame-work around the cable tray along the
entire cable tray system. The longitudinal members
along the four corners of the cable tray framing and
the transverse members spanning across the top and
bottom of the cable tray to be nominal 1-1/4 in. wide
by 3/4 in. high channels. The framing members spanning
between the longitudinal members along the cable tray
siderails to be nominal 1-1/4 in. wide by 1-1/4 in.
high channels. The transverse members around the four
sides of the cable tray shall be spaced not more than
36 in. OC along the entire cable tray system to occur
at each butted end joint of the intumescent sheets
(Item 5D), The steel framing members shall be
assembled by welding or through the use of special
fittings in conjunction with 3/8 in. diameter steel
bolts with nuts. The steel framing must be installed
such that the minimum clearance between the intumescent
sheets (Item 5D) and the cable tray system is 2-1/4 in.
When cable air drops (Item 6) are present, additional
steel framing members shall be installed to provide
screw-attachment means for the ‘intumescent sheets

(Item 5D) around the perimeter of the cable air drop
opening. The steel framing is to be secured to the
steel cable tray supports (Item 3) and to the floor or
wall and is to be installed without direct contact with
the cable tray system.

Electrical Circuit Protective Material* - Intumescent
Sheet - Rigid aluminum foil-faced sheets with
galvanized steel sheet backer. 1Installed on steel
framing, with aluminum foil facing on exterior, to
completely enclose cable tray system. Sheets installed
with tightly butted joints at corners of steel framing
and with adjacent sheets tightly butted with joints
centered over transverse framing members. Each sheet

- to be affixed to steel framing at corners with

No. 10-16 by 3/4 in. long self-drilling, self-tapping
hex-washer head steel screws.

‘Minnesota Mining & Manufacturing Co. - Type CS-195.

e ritaian 4 and.”
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E.

Electrical Circuit Protective Material* - Caulk -
Suppli in cartridges. Thic ead of caulk to be
applied along the edges of the intumescent mat _
(Item 5A) at its interface with the cable tray supports
(Item 3), over butted joints of intumescent sheet -
(Item 5D) and around Perimeter of cable tray support
(Item 3) and cable air drop protective system (Item 6)
at their egress from the protective enclosure. -

Minnesota Mining & Manufacturing co. - Type CP-25.

Electrical Circuit Protective Material* - Intumescent
Mat - Flex € sheet material, supplied in nominal. -

4 In. wide rolls. Installed in conjunction with steel
hardware cloth (Item 5G) to cover all joints in ,
intumescent sheet enclosure. Mat strips cut-to-length
to completely cover each butted joint, centered over
joint and temporarily held in Position with aluminum
foil tape (Item 5B).

Minnesota Mining & Manufacturing Co. - Type M20A.

Steel Hardware Cloth - Maximum 1/2 by 1/2 in. welded
mesh of minimum 0.041 in. diameter (19 SWG) galvanized
steel wire. Nominal 4 in, wide strips of hardware
cloth Cut-to-length and installed Oover each intumescent
mat joint cover (Item 5F) . Hardware cloth secured to
intumescent sheet (Item 5D), through intumescent mat
(Item 5F), with No. 10-16 by 3/4 in. long %
self-drilling, self-tapping, hex-washer head steel
Screws in conjunction with 5/8 in., diameter steel
washers. : -

Steel Banding Strap - Nominal 5/8 in. wide by 0.020 in.
thick steel straps used in conjunction with nominal

1l in. long channel-shaped crimp clips formed of

0.021 in. thick electrogalvanized or painted steel.

The steel banding straps are used to secure the joint
covers and intumescent sheets in position.

Electrical Circuit Protective Material* - Intumescent
Mat - Flexible sheet material, supplied in nominal
48 in. wide rolls. Minimum of two layers wrapped :
around steel cable tray supports (Item 3) outside of

intumescent sheet enclosure. Mat secured in:place

‘using aluminum foil tape (Item 5B) at all jodints, Mat”

Minnesota Mining & Manufacturing Co. - Type . M20A.
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J. Electr1ca1 Circuit Protective Material* - Ceramic
: Cord - String-1like material supplied in spools. Where
accessible around entire circumference of cable tray
support wrap, cord is tied-off at base of wrap at
- interface with intumescent sheet enclosure, spiraled
upward at a spacing not to exceed 2 in. OC, and _
tied-off at interface with wall or floor. Cord tie-off
. : at top and base of cable tray support wrap covered with
E aluminum foil tape (Item 5B).

Minnesota Mining & Manufacturing Co. - Type 34.

K. Steel Hardware Cloth - Maximum 1/2 by 1/2 in. welded
mesh of minimum 0.041 in. diameter (19 SWG) galvanized
steel wire. Strips of hardware cloth cut-to-size to
cover intumescent mat wrap (Item 5I) on cable tray
supports (Item 3) where 360° access to the wrap is not
present. Hardware cloth secured to intumescent sheet
enclosure with No. 10-16 by 3/4 in. long self-drilling,
self-tapping, hex-washer head steel screws in

I conjunction with 5/8 in. diameter steel washers.

6. Cable Air Drop - Cables passing from one cable tray

‘ protective system to another cable tray protective system,
through the air, to be protected with an electrical circuit
protective system consisting of intumescent mat, aluminum
foil tape, ceramic cord, caulk and steel hardware cloth.
Minimum aggregate area of cables in air drop (cross-
sectional area of cables 1nc1ud1ng cable insulation and
jacket materials) is 1.88 in.2. The system shall be
installed in accordance with the manufacturer's detailed
instructions accompanying the Electrical Circuit Protective

Materials*. The details of the cable air drop protective
system are summarized below:
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4. Guide FHIT : System No. 2 R10125-1,-2
Electrical Circuit Protective Systems 10-19-83

A, Electrical Circuit Protective Material* - Intumescent
Mat - Flexible sheet material, supplied in nominal
48 in. wide rolls. Installed by cutting-to-size and
folding around tightly-bundled cables of cable air drop

steel staples and aluminum foil tape (Item 6B) along
the longitudinal standing seam. Adjacent sheets of

each layer offset a minimum of 6 in. from the overlap
of the Preceding layer. A total of five layers of
intumescent mat are required. Intumescent mat wrap on
cable air drop to extend a minimum of 9 in. into =
intumescent mat wrap (Item SA) of cable tray protective
system at each end. Opening in cable tray protective
systems to accommodate cable air drop shall conform to
contours of mat-wrapped cable air drop.

Minnesota Mining & Manufactﬁring Co. - Type M20A.

. ' , B. Electrical Circuit Protective Material* - Aluminum Foil
‘ Tape - 3 in. wide pressure-sensitive supplied in rolls.
Used ’ .

to secure intumescent mat wrap (Item 6a).

Minnesota Mining & Manufacturing Co. - Type 425.

c. Electrical Circuit Protective Material* - Ceramic o
Cord - Str ng=like materia supplilied in spools used for
supplemental securement of outer layer of intumescent :
mat wrap after aluminum foil tape application. Cord is

protective systems, spiraled around intumescent mat
wrap in both directions in a criss-cross pattern and
-Spaced 2 in. ocC. ' ' '

Minnesota Mining &.Manufacturing Co. - Type 34.

D. Electrical Circuit Proteétive Material* -~ Caulk -
Supplied in cartridges. Thick bead of caulk to be
applied around the perime i

Minnesota Mining & Manufacturing Co. - Type CP-25.

* Bearing the UL Classification Marking.
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Guide FHIT R10125-1,-2
Electrical Circuit Protective Systems 10-19-83

. System No. 3
: Fire Rating - 1 h

Wall Or Floor Assembly - 1 h rated concrete or masonry wall
or concrete floor. Through opening in wall or floor to be
firestopped using a Classified firestop device or system.
See Through-Penetration Firestop Devices (Guide XHCR) and
Through-Penetration Firestop Systems (Guide XHEZ) categories
for presently Classified firestops.

Steel Conduit - Nominal 2 in. diameter (or larger) Trade .
Size rigid steel conduit. Conduits shall be installed as a
complete system in accordance with all provisions in
Article 346 of the current National Electrical Code.

Conduit Support - (Not Shown) - The conduits shall be
supported by U-shaped welded hangers formed of minimum
0.093 in. thick (12 gauge) painted steel or minimum
0.097 in. thick (12 gauge) galvanized steel channels,
1-5/8 in., wide web with 1-5/8 in. high flanges with the
flange edges hemmed for stiffness.

Cables - Minimum No. 16 AWG jacketed multi-conductor cable
and/or minimum 250 MCM jacketed copper single-conductor
power cables. Cable insulation to be cross-linked

- polyethylene. Cable jacket to be polyvinyl chloride. When

fillers are used in the cable construction, fillers to be.
hemp, polyvinyl chloride or cross-linked polyethylene.
Cables to be installed in conduits in accordance with all
provisions of Article 346 of the National Electrical Code,

Electrical Circuit Protective System - The electrical
circuit protective system consists of intumescent mat,
aluminum tape, ceramic cord, intumescent sheet, caulk and
steel hardware cloth. The system must be installed in
accordance with the manufacturer's detailed instructions .
accompanying the Electrical Circuit Protective Materials*.

The details of the electrical circuit protective system are
summarized below:
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- Guide FHIT System No. 3 R10125-1,-2 "
g Electrical Circuit Protective Systems 10-19-83 ‘

A. Electrical Circuit Protective Material* - Intumescent
Mat - Flexible sheet materia » Supplied in nominal
48 in. wide rolls. Installed by cutting-to-size and
folding around conduit with the edges of the mat sheet
secured together with aluminum foil tape (Item SB)
along the longitudinal standing seam. Adjacent sheets
1 : : of material must overlap the preceding sheet 3 to 6 in.
B - : Successive layers of intumescent mat installed in the
. Lo same manner with the taped longitudinal seam of each
layer diametrically opposed from that of the preceding
layer and with the overlap locations for each layer
offset a minimum of 6 in. from the overlap of the
preceding layer. A minimum of five layers of
intumescent mat are required on nominal 2 in. to
nominal 4-1/2 in. diameter Trade Size rigid steel
conduit. A minimum of two layers of intumescent mat
are required on nominal 5 and 6 in. diameter Trade Size
rigid steel conduit. Minimum of two layers of
intumescent mat wrapped around steel conduit supports
(Item 3). Mat secured in place using aluminum foil ‘
tape (Item 5B) at all joints.

' . Minnesota Mining & Manufacturing Co. - Type M20A.

B, Electrical Circuit Protective Material* - Aluminum Foil
' Tape - 3 1in. wide pressure-sensitlve_tape supplied in
roEI

8. Used to secure intumescent mat wrap (Item 5a).

Minnesota Mining & Manufacturing Co. - Type 425{

c. Electrical Circuit Protective Material* - Ceramic Cord
- String-like materia Supplied in spools.” Cord is .
tied-off at base of wrap at interface with wall and/or
floor, spiraled around Outer layer of mat at a spacing
not to exceed 2 in. OC. Cord tie-off at interface with
wall and/or floor covered with aluminum foil tape
(Item SB).

Minnesota Mining & Manufacturing Co. - Type 34.

e




e e v e et @ e 2t e e A bt et e i A

o "3- . .
Guide FHIT System No. 3 R10125-1,-2
_Electrical Circuit Protective Systems 10-19-83

D. ‘Electrical Circuit Protective Material* - Intumescent
:Sheet - Rigid aluminum foil-faced sheets with , :
galvanized steel sheet backer. Installed around . *
: . intumescent mat wrapped conduit and conduit supports. at
. ’ the interface with the wall and/or floor. Secured to
: wall and/or floor with steel anchors.

Minnesota Mining & Manufacturing Co. - TYpe Csfl95.

E. Electrical Circuit Protective Material* - Caulk -
Supplied in cartridges. Thick bead of caulk to be
applied as a gasket between intumescent sheet (Item :5D)
and the wall and/or floor.

Minnesota Mining & Manufacturing Co. - Type CPfZS.

'fBearing the UL Classification Marking.
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Guide FHIT R10125-1,-2
Electrical Circuit Protective Systems 10-19-83

* System No. 4
: Fire Rating - 1 h

1. Wall Or Floor Assembly - - 1 h rated concrete or masonry
wall or concrete floor. Through opening in wall or floor to
be firestopped using a Classified firestop device or system.
See Through-Penetration Firestop Devices (Guide XHCR) and
Through-Penetration Firestop Systems (Guide XHEZ) categories
for presently Classified firestops.

2. Steel Conduit - Nominal 2 in. diameter (or larger) Trade
Size rigid steel conduit. Conduits installed parallel with
and maximum 2 in. from wall or floor. Conduits shall be
installed as a complete system in accordance with all
provisions in Article 346 of the current National Electrical
Code.

3. Conduit Supports - (Not Shown) - Conduits shall be supported
- Tn accordance with all provisions in Article 346 of the
~ current National Electrical Code. The supports used shall
" be completely within the three-sided intumescent sheet
enclosure (Item 5D).

‘ 4, Cables - Minimum No. 16 AWG jacketed multi-conductor cables
- and/or minimum 250 MCM jacketed copper single-conductor

power cables. Cable insulation to be cross-linked
polyethylene. Cable jacket to be polyvinyl chloride. When
fillers are used in the cable construction, fillers to be
hemp, polyvinyl chloride or cross~linked polyethylene.
Cables to be installed in conduit in accordance with all
provisions of Article 346 of the National Electrical Code..

5. Electrical Circuit Protective System - The electrical

- circuit protective system consists of intumescent mat,
aluminum foil tape, steel framing, intumescent sheet, caulk
and steel hardware cloth. The system must be installed in
accordance with the manufacturer's detailed instructions
accompanying the Electrical Circuit Protective Materials*.

The details of the electrical circuit protective system are
summarized below:
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; Guide FHIT System No. 4 R10125-1,-2
i Electrical Circuit Protective Systems 10-19-83

A.

\

Electrical Circuit Protective Material* - Intumescent
Mat - Flexible sheet material, supplied in nominal

48 in. wide rolls. Installed by cutting-to-size and
folding around steel conduit with the edges of the mat
sheet secured together with steel staples and, aluminum
foil tape (Item 5B) along the longitudinal standing
seam. Adjacent sheets of material must overlap the
preceding sheet 3 to 6 in.

Minnesota Mining & Manufacturing Co. - Type M20A.

Electrical Circuit Protective Material* - Aluminum Foil
Tage = 3 in. wide Pressure-sensitive tape supplied in

rolls. Used to secure intumescent mat wrap (Item 5a).

Minnesota Mining & Manufacturing Co. - Type 425.V

Steel Framing - Steel channels with nominal 1-1/4 in.
wide web witﬁ 3/4 in. high flanges with the flange
edges hemmed for stiffness and to accommodate special
mechanical fasteners. The channels shall be formed of
minimum 0.067 in. thick (14 gauge) painted steel or
minimim 0.070 in. thick (14 gauge) galvanized steel.
Steel channels assembled to form a U-shaped bracket
around three sides of the conduit and secured to the
wall or floor with steel anchors. The U-shaped :
brackets must be formed such that the minimum clearance
between the intumescent sheets (Item S5D) and the
conduit is 2 in, The U-shaped brackets shall be
assembled by welding or through the use of special
fittings in conjunction with 3/8 in. diameter steel
bolts with nuts. Brackets installed at the interface
with the wall or floor at each end of the conduit-
system and along the entire length of the conduit
system with a maximum spacing of 36 in. OC (bracket
required at each butted joint of the intumescent sheet
enclosure) .
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x Guide FHIT System No. 4 R10125-1,-2
Electrical Circuit Protective Systems 10-19-83

D. - Electrical Circuit Protective Material* - Intumescent
: Sheet - Rigid aluminum foil-faced sheets with '

galvanized steel sheet backer. Intumescent sheet
formed around U-shaped brackets with nominal 2 in. wide
flanges along both side edges against wall or floor.
Adjacent lengths of |formed intumescent sheets to be .
tightly butted and to be centered over U-shaped .=
brackets. Intumescent sheet secured to wall or floor
with steel anchors spaced maximum 12 in. OC. Sheets
secured to U-shaped brackets with No. 10-16 by 3/4 in.
long self-drilling, self-tapping hex-washer head steel

screws.

Minnesota Mining & Manufacturing Co. - Type CS-195.

E. Electrical Circuit Protective Material* - Intumescent
Mat - Flexible sheet material, supplied in nominal
n. wide rolls. Installed in conjunction with steel
hardware cloth (Item 5F) to cover all joints in
: intumescent sheet enclosure. Mat strips cut-to-length
to completely cover each butted joint, centered over
joint and temporarily held in position with aluminum
foil tape (Item 5B). : :

Minnesota Mining & Manufacturing Co. - Type M20A.

F. Steel Hardware Cloth - Maximum 1/2 by 1/2 in. welded
mesh of minimum 0.041 in. diameter (19 SWG) galvanized
steel wire. Nominal 4 in. wide strips of hardware
cloth cut-to-length and installed over each intumescent
mat joint cover (Item S5E). Hardware cloth secured to

- intumescent sheet (Item 5D), through intumescent mat
(Item SE), with No. 10-16 by 3/4 in. long Y
self-drilling, self-tapping hex-washer head steel
screws in conjunction with 5/8 in. diameter steel
washers.

*Bearing the UL Classification Marking.
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Fire Rating, Firebarmer
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2/C-NO.16ANG

+120V DC

(2 CIRCUITS)

110 CTYR)

O -
A 1 B

'ANY CNDR. TOUCHING
THE CABLE TRAY CONN.
o WILL CAUSE CURRENT
FLOW THROUGH YELLOW

L.E.D TO NEGATIVE

OF SUPPLY

L

x

AcXON

000

VGAOY
7/C-NO.12 ANG 1/C-300 MCM
(3CIRCUTTS) (1 CIRCUIT) .

-120V DC

TRAY
. oA , _i
ZFsa JAVE
| 6
r— CABLE CNDR.
1 C F CONNECTIONS

IF TWO CNDRS. SHORT TOGETHER
CURRENT WILL FLOW THROUGH
THE YELLOW L.E.D.(2A) AND
RETURN THROUGH THE. RED

L.E.D. (2B), INDICATING A
BETWEEN 'CNDRS.

ELECTRICAL CIRCUIT INTEGRITY

(TYPICAL-EACH SYSTEM)

SHORT

RIOI2S -, -2
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I X L -
- ' 3IM COMPANY
' MARCH 3, 1983
~  CHAN(NOS.) 90 91 92 93
TIME(MIN-: i
~ 2 : 72.7 70.5 70.5% 144 .3
oy .4 ' 78.8 71.9 70.8 171.7
b 6 85.5 75.4 74.8 200.14
i - -8 91.4 80.6 74.2 193.2
. ; 10 98.2 85.6 78.2 186.9
: 12 105.8 94 .1 84.7 193.5
- 14 113.% 99 93.8 214 .4
. 16 125.5 109.2 107.5 302.7
18 143 ¢ 121 .2 i20.8 358.4
- 20 150.8 134.8 i32.5 404 :
S 22 178 .6 149 .9 147 .9 4415 -
. 24 206.4 167.5 172.7 475.8"
- 2t 205.2 197 .3 199 .6 S07.2
28 203.3 209.3 207 .4 541 .6
- 30 269 .9 209.6 208.6 572. 6
. - 32 286 .7 212.9 214.1 605.6 .
= . 34 304 .9 236.5 220. 2 644.5
: 1 322 .4 269 .7 233 4 677.8
- - 38 341 .7 291 .3 245 . { 740.5 .
49 361 .3 309.5 262.8 748.5
42 380 .6 327 .4 283 .2 778 . 6
~ - - 44 400 .2 343 .8 300.2 805.1
: | . A4 449 .5 359.2 317.3 828
- 48 439 373.8 334 .4 850 . 4
- -1 459 .4 387.9 350.6 875 .7
52 478 8 4014 366 .2 911 .4
: 54 498 .6 413 5 382 963 .4
- 56 S18.3 4246 .2 3197.9 1028.9
~ 58 538 439 2 413 .9 1096.9
66 557.5 452 429 . 4 1154.%5
RIO125-2
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3M COMPANY
HARCH 3, 1983

CHAN(NOS .) 94 9S 96 97

TIME¢MIN.)
2 ’ . B4.6 104.9 131.5 198.2
-4 . 118.8 162.6 220.7 234.3 ;
6 © 195 200.9 373.2 3414 -
8 204 i97.5 477.5 432. 6 :
10 ~ 203.9 196.1 574 .14 502.7
12 204 .8 197.5 654 .7 563.7
14 209.2 197 .9 749.9 590.7
16 233.8 196 788 .6 627 .3
18 278.7 196.3 831 .6 667 .6
20 334.4 2846.8 847 .3 704.7
22 383.8 329.5 i 870 737.2
24 420.5 354.7 907.4 780 .6
26 463.9 368.9 942 .9 817.5
28 493 . 3 405. 4 987.% 844.9
30 524 454 .5 1032 .4 865.3
32 548 .4 502.4 1063.6 885 .6
34 576 .4 47 .1 1089 .2 898.8
36 603 585 .% 1119.6 912.4
38 627.3 648.2 1147 .1 933
40 651 .6 646 .9 1172.3 965 .4
. 42 676 .6 675.6 1192.5 9686 .8
‘ 44 704.9 704.5 1210.2 i002.6
44 734 734 .2 1225. 6 1019.3
48 767 .4 765.5 1232.9 1041 .8
. . S0 813.8 802.1 1240 .6 1077.7
52 885 .7 853.4 1266.8 1147
sS4 990.6 924.5 . 1294 .4 1237 .2
56 1409.4 1016 3 1312.5 1292 .9
58. 1199.4 110 - 1317 .2 1307.7
60 . 1246.4 1474 . R - 1308. 4

. RIO125-2
S ~ IiLL. B20
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: L 3M COMPANY
y : ' MAPCH 3, 1983

- CHAN(NGS ) 0 91 92 93
TIME(MIN®) ,
~ 2 : 72.7 70.5 70.5 144 .3
4 ' 78.8 71.9 70.8 174 .7
6 85.% 75.4 71.8 200 .4
~ 8 91 .4 . B80.6 74 .2 193 .2
: 10 98.2 85.6 7.2 i86.9
12 105.8 94 .1 84.7 193.5
- 14 113.6 99 93 .8 214 .4
DA ¥ 125.5 109.2 167 . % 302.7
© 18 143 .6 121 .2 120.8 358. 4
- 20 150.8 134.8 132 5 404
22 178 .6 149 .9 147 .9 441 . %
_ 24 206 .4 167 .5 172.7 475 .9
~ B 205 2 197 .3 199 6 S07.2
g 3 203.3 209.3 207 .4 S41 . 6
o 30 269.9 209.6 208 .6 S72. 6
-~ .32 286 .7 212.9 214 4 605 .6
34 204.9 236 . % 220 2 644 . %
4a 3122 .4 269 .7 233 4 677 8
- EYs 3441 .7 2941 .3 245 4 710.5
49 . 364 3 S 309.% 263 8 748.5
| 32 380 .6 327 .4 283 2 778 . &
" 14 400 .2 343 8 300 2 805 .4
‘ " - 419 .5 359.2 317.3 g28
' AR 439 1§ 373.8 334 4 B850 . 4
= Q) , 459 .4 387 9 350 & 87% .7
SowE 478 9 401 366 .2 911.4
h4 494 & 443 © 342 P63 . §
- Y 5ig 2 426 2 397 9 1629 9
2% 535 439 2 413 © 50946 .9
o 557 % - 452 429 4 1451 .5 -
RI10125-2
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CHAN(NOS .)

TIME(MIN.)
2
4
6
g8
10
12
14
16
18
20
22
24
26
as
30
32
34
36
38
40
42
' 44
46
: -48
S0
s2
S4
Sé6
S8
60

110

74

71.
71,
73.

79.

- 83.

88.
?4.
101 .
110.
124 .

N
o
ST N TR I gt

-433.

146.
156.
166.
177.
189.
202.
216.
231,
246.
as62.
281 .
302.
323.
344 .
364.
381
397.

DOV NNNDLE OO IOINWEWNND

[v'S

3M COMPANY

e et L eva P
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MARCH 3, 1983

114

141
154 .

i83

194,
206.
222,
241 .
261 .
281 .
303.
325.
348 .
371 .
396 .

@OUOC BT DN

DUDOCDOPUUIS b 0yl

277

29S.
31S.
337.
360.
384.
408.
432.

455

<
-
o

W= O
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113

714
74 .
73,

76
79.

?1.
99 .
108.
118.
129.
140.
i52.
163.
175
186.
204 .
217.
233.
249.
264 .
281 .
3014.
324.
346.
368.
390 .
412.
434 .
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. . 34 COMPANY
' MARCH 3, 1983

- .~ CHAN(NOS.) 106 107 108 109
- TIME(MIN . ¢
~ 2 : 68.6 68.5 68.2 68.3
L4 ' 68.7 9.3 68.4 68.5
b 69 .4 70.7 69.2 69.2
- 8 70.4 73. 14 74.3 70.5
. 40 71.9 77 .4 74.9 72.7
12 74 .4 83.2 79.7 75.8
~ 14 77.6 90.3 86 79 .6
S 16 81.9 98.8 93.7 84.4
. 18 87 108.8 102.9 89.9
- -~ a0 93.4 119.5 113.5 97 .4
- a2 99.8 130.6 125.6 105.8
- 24 - 406.7 141 .9 139.8 116.2
- -1 114 .4 153.8 153.3 127 .6
: 28 124.7 166.4 166 139 .4
30 129 .6 180.3 176.9 150
~- - 32 137.8 193.5 188.9 160.3
- 34 146.9 210.9 203.2 174.1
34 156.7 229 . & 218 6 i82.8
* - . 38 167 .4 245. 1 234.4% 196.3
40 178 .§ 262 .6 250 241 .2
42 192.6 280 .4 267 . 4 226.9
. . A4 203.4 304 285 .9 243 .4
‘ 44 216.2 324.5 305.8 260.2
. AR 230.3 3424 326.2 278.2
- . S0 _ 245 .8 363.5 347.2 298
52 262 386 .4 369 .2 319.2
54 276.3 409 .9 391 .14 344 .4
- - G 294 5 437 b 441 .7 364.4
. S8 344 .4 463 .7 433 .7 387.9
60 327.5 483 .72 4564 4114 4
-
A od
"RIOI125-2
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L 3M COMPANY
.' " MARCH 3, 1983
B CHAN(NOS . ) 118 119 120 124
' TIME(MIN.)
2. 74 71.3 74.3 i02. 6
4 * 719 74.7 71 .4 138 .1 )
6 : 73.5 72.7 71.8 1685.4 -
8 77 .6 74.6 72.8 219 .4 :
10 83.5 78.9 74.% 239.9
12 94 .1 83.6 76.9 254.9
14 99 .7 89.5 80.5 264
16 110.3 97.5 84.5 269 .4
18 120.8 105.9 89.8 275 .4
20 . 133.7 1i5.8 94.4 280.1
22 146.9 125.9 100.4 284.9
- 24 160.6 138.2 109.8 292
26 173.6 150.7 117.2 305.4
28 188 .1 164 .4 126 327 .4
- 30 202.9 177.6 136.6 360.3
£ 32 218.9 190.5 147 410 .8
U 34 237.9 208.14 156 .6 462.7
36 255.6 227 .4 166 .4 $10.4
38 27% .4 246 .6 174 551 .6
40 294 264.5 182.7 594
. 42 343.4 283.8 196.2 637.2
) 44 3341.3 305.2 222.5 671.5
A6 356.5 326.6 229.8 702.5
. 48 377.8 349.5 236.5 733
' -1 402.3 369.9 242.5 762.7
852 425.7 390.5 252.5 789 .4
S4 448 .4 4414.5 264.7 814.4
56 . 470.9 432.7 278.7 837.2
58 . 492 .9 451.5 295.9 . 85S8. 4
&0 520.9 474 . 6 307.2 879 .6

o pioizs.2

ILL. B26
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N
. 3M COMPANY
| ' o : MARCH 3, 1983
4 e . CHAN(NOS .) 114 145 116 117
©  TIME(MIN.> |
- 2 o 70.9 70.7 74 .4 :
A | 71.2 74.1 70.9 71.3 -
6 72 71 .6 71.3 74.9
- .8 73.5 72.6 72.2 73.3
‘ S 40 76 74.3 73.8 75.7
IR V- 79.6 76.9 76.3 79 .6
- 14 . B4.3 80.6 79.5 84.5
. 16 90.3 85.5 83.7 90.6
. 18 97 .6 91.5 89 98 .4
- 20 '106.5 98. 6 95.8 108 .4
22 116.6 106.6 1041 119 .4
24 127 .4 115.3 143.7 1301
- 26 138.9 124 .6 125.3 1424
28 | 150 133.8 136.3 152.5
.30 160.4 143.3 1461 164.5
- T2 174.8 153.4 155.6 171.5
34 184 .6 1641 165.8 184 . 4
36 198.6 175.6 176.7 193.9
- 38 213.5 186.9 188.5 . 209.3
" 40 228.9 198.3 202.7 226 . 1
‘ | 42 244 .2 241 .3 218.2 243
" 44 259.8 228. 4 234 .4 260.73
. I ae 277 .4 245.8 254 . 1 278 -
_ a8 297.4 265 268.8 296 .8
- = s5p 317.9 286 .4 284.5 315.5
| 52 338.1 307. ¢ 302.6 336.6
. 54 358.5 328.7 322.5 358.2
- S -7S | 378.7 351.0 343.7 384
[ =8 400 .6 374 365.8 404.5
60 436.5 397.3 387.5 4269
-
e
t 4

. o | RI0125-2
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34 COMPANY
MARCH 3, 1983
CHAN(NOS .) 126 137 128 129
B TIME (MIN.) .
L - R . B4.S 140.4 98.5 128. 4
5 4 . 109.8 175.8 135.2 165.4
o 6 1 44%5.3 205.6 174.3 193.9
5 8 199.6 222 208.2 241.8
: 10 : 241 .2 217.6 228.8 223.5
i 12 267 .2 217.6 237.6 230
- 14 279 .2 221.9 236.3 229 .14
: is 290.3 220.5 236.5 228.6
- 18 299 .9 226 .6 233.5 230.1
; 20 309.8 233.9 237.5 232.3
: 22 314 272 .4 250.3 243
- 24 325.9 339.2 302.9 275. 14
I 26 340.4 432.14 428.5 343
. 28 360.7 543.2 §56.2 459.3
aa 30 402 764 .9 587.1 430.6
4 32 448 .6 763.8 625.8 417.9
: 34 s05S 796 672 456
- 36 569.7 832.6 693.8 499 .4
- 38 632.7 866.5 740.3 611 .6
40 682.6 898.8 768.2 702.7
- 42 726.3 937.7 798.7 736
- 44 765.5 915.98 797.8 779.2
46 796.9 929 825 .9 807.5
48 825.5 948 .4 855. 4 830.5
) S0 852.7 967.7 8680.5 848.8
s2 876.8 9868.8 904.3 866. 4
- sS4 904 .6 1005.4 926.7 891.5
, S6 930 1037.3 952 912.2
; S8 954.9 1061 .3 975 .6 936. 4
T 60 979 .2 1091.6 999 .4 963 .4
RI10125-2
nu...sza
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I
- . 3M COMPANY
B ' MARCH 3, 1983
- -~ . CHAN(NOS.) 122 123 124 125
g © T TIME(MIN .Y _
- o2 : 77.7 75.8 79 95 .4 :
, . ' 92 83 93 .4 136.2 *
R 118.4 92.3 109.7 172.4 .
- 8 149 .2 101.5 130.8 209.14
. - 40 166 .3 112.9 147.9 . 232
g2 177 134.5 163.8 246.3
- S 14 197.9 148.8 174 .7 255. 4
* - 16 204 160.3 182.7 263.2
18 209.9 172.4 190.5% 267.8
-~ . 20 247 192.2 204.8 274.8
22 234.8 209.9 243 281 .8
; L 24 242 232.9 226 .8 294.3
- . 26 . 282.4 276. 14 245 . 6 312.6
.28 _. - 264 .2 338.5 275. 4 345.7
30 288.2 382.3 338 416 .2
- Rl 1< 316.4 440.2 394.5 493 . 4
S 34 353 .4 464 .4 464 . % 568.4
- 36 397.8 519 .3 522 617 .
- .38 442 7 §79.2 574.9 652.8
o 40 488 .3 638 .2 624.5 685 .7
42 533 .4 695.7 6714 743.3
44 S$80 .5 749 743 .8 739.%
‘ S A4s 629.3 799 .6 752. 4 768 .1
' . © 48 673 .9 847 .4 784 .9 797 .3
- . 50 706 .6 887 .8 815 . 4 828 .1
- 82 734 2 924 3 844 .7 858. 4
) . 54 754 .4 - 957.3 872.7 888 .7
- 54 775 .5 987 899 918.3
- - 797 .3 1015.2 923.7 945 .G
60 819 .9 1043.5 947 .9 975 . 4
-
‘ ‘ R10125-2
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i 3M COMPANY
. MARCH 3, 1983
- CHAN(NDS ,) 134 135 136 137
i TIME(MIN.)
i 2 76.8 86.5 : 75.4 724
3 4 B9 .9 109.4 88.4 78. 1 ,
% 6 106.3 137.5 108.3 85.5 .
2 8 124 .6 169.2 135.4 93.3 -
; 10 142 .8 208.8 156. 4 100.9
13 157 .4 237.4 182 109 .1
: 14 169 .2 264.8 202. 4 117 . 4
5 16 174.3 277 208.9 125.3
g 18 185.2 285 .4 233.2 131 .8
o 20 194.5 281.1 239.9 137. 4
: 22 204.3 279.5 250.3 142.3
- 24 2i5.5 277 .4 262.2 149 .4
- 26 232.8 280.1 275 .4 156. 3
. 28 264 .4 288.5 291 .4 168.1
30 ) 324 311.2 323 .4 194 .4
32 372.4 346. 6 13594 228.7
34 435.7 390.4 404 .6 265. 1
36 494 .7 436 .7 458.9 302.4
38 546.9 486 .7 507 335 .7
40 599 .2 534.6 556 . 2 370
42 652.2 584.9 603.5 409.5
44 699 .3 641.9 647 .8 453.7
‘ 46 738.7 . 685.7 674.7 496.8
48 771 .4 719 .4 699 5414 .5
50 802 749 .9 724 .7 580
52 830.5 779.9 739 .4 612.2
S4 858 .4 808.1 757 .4 640 . 1
56 885 .2 834.5 776.7 667 .2
58 914 .9 860.4 795 .3 695 .2
60 937.8 884.8 813.7 720 .8
RIO125-2
iLL. B:%O
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: ) 3M COMPANY
(‘ < MARCH 3, 1983

CHAN(NOS .) 130 134 132 133
i TIME(MIN.) _
g | 2 . 97.7 93.5 87.3 77.2
4 137.4 125.7 114.3 87.6
| 6 169.8 166.3 147 .6 99 .7
8 201.2 194 .4 199.8 141.2
10 217 202.6 226 124 .4
12 225.9 211.3 247.5 137. 6
14 218.6 217.9 263 .4 154.5
. 16 215.2 221.8 276.2 165.6
18 188.9 229.6 284. 6 181.9
20 192.2 233.3 293 199 .6
22 202.6 242 301.7 210.9
24 234.5 247 .4 315. 4 217 . 4
26 269 .7 263. 4 3312 255.9
28 326.3 284.3 352. 7 307.7
30 475 .2 468.7 396. 6 347
32 498 .8 554. 4 4525 380.7
34 614 .7 648- 516.6 456 .2
36 657 . 4 709.6 S80. 4 5144
38 744 677 .4 634.8 575.3
40 764 .2 688.3 683.3 627.4
42 800 .7 743.3 722.4 674.9
44 824.6 736 . 4 755.5 722. 4
| 46 846 . 4 764 .2 784 . 4 768 . 2
! 48 868 795 .6 810.6 810.1
50 889 .7 828. 2 836. 1 849 .4
52 914.3 854 . 4 861 . 6 885. 7
54 932.9 883.3 886 .9 919.7
S6 953 .8 912.3 911 .8 950 . 6
58 973.9 941.5 936 .3 980 . 4
60 993.5 968. 6 960 . 1 1009 .8
RIOI25-2
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3M COMPANY
MARCH 3, 1983

CHAN(NOS .) 142

- TIME(MIN.)
2 8i.2
4. 121 .8
6 155 .6
8 183 .5
10 207.9
12 217.7
14 255
16 299 .7
18 343 .4
20 394 .5
22 436 .6
24 482 .2
26 521.5
28 560.3
30 598 .7
32 634.7
34 671 .7
36 708.7
38 745 .9
40 781 .4
‘ 42 815.8
' 44 848.6
. 46 879 .5
48 909 .2
: 50 938 .8
: 52 967
54 993 .9

RiI0125-2
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3M COMPANY

1 ' , - MARCH 3, 1983
‘ - CHAN(NOS .) 138 . 139 140 1414
S TIME (MIN.). ,
o . 72 .4 79.9 81 .2 84 o
"4 : 79.7 94 .2 97 .5 104 .1
b 92.3 113.2 115.9 133.2
.8 108.8 144 .7 1514 173 .4
e Y ] 124 .8 179.6 189.8 203
42 134.9 216 .4 218. 1 - 218. 6
14 169 .3 250.6 247 .8 255 . 2
v 16 179 .7 308.9 289 . 4 320.%
: 18 197.5 349.8 341 .3 374.7
. , 20 247.7 392.5 395 424 .8
- 22 23%.7 437 .7 439 4 476 .9
: 24 251 .8 482 . 4 501.9 523 . 2
26 269 52% .3 553 . 1 566 . 1
28 290.3 566 .9 601 .3 612.5
- 30 324.2 606.9 6446 .8 657 . 4
32 - 3%51.8 645.5 691 . 4 704 .1
34 386.5 683 .6 738 .4 746 .8
36 424 .3 721 .4 786 1 792 .5
38 468 .5 758.8 831 .8 836 . 1
40 510.8 797 B7% 4 877 . »
42 550 .8 83%.3 916 .6 915. 7
44 597 .7 872.3 954 .3 954 .6 -
46 646 908 .1 990 . 4 987 . 4
.' 48 490 .4 _ 941 .G 1026 10227
: 50 726 .5 974 1060.5 1056 . %
52 759 .3 1006 1092 .2 1088 . 3
54 789 .9 1037.4 1123 .9 1118. 3
56 819.2 1067 . 4 1152 . 3 1146 .3
=1 846 .9 1095 1178.7 1472 &
60 /729 1121 .8 1204 .1 1197 .9
RI10125-2
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: 3M COMPANY
. MARCH 3, 1983
< CHAN (NOS .) 162 163 164 165
TIME(MIN.) : :
2 72.7 73 71 70 .1
4 77.5 78.7 74.6 74.3
L6 84.7 86.3 80.2 75. 4
: 8 94.7 98.2 86.6 g2.2
g 10 105 112.5 96.2 92.7
12 116.3 127.5 106.6 103.9
14 130.5 145 117.3 116 .8
16 148 159 .6 134 .4 134.2
18 163 .4 170.3 144 .6 140. 4
20 175 .4 178.9 156.3 146 .4
2z 184 .6 187.9 166.8 157.5
24 194.5 202.6 178 166.5
26 204 .4 224 192.5 182.3
28 224.5 253.5 208.3 195 . 6
: 30 ‘ 254 289 .8 232.3 210.8
¥ 32 28%.5 338.3 260.8 229 .4
N 34 332 382.2 294 .7 255. 6
36 364.9 413 .6 327.9 286.5
38 393.5 441 .4 - 368.2 320.8
40 425 .9 474 .2 410.3 358. 4
42 458 .1 504.5 464 399 .5
44 499 .4 547 520 .8 441 . 4
46 ' 541.7 588 . 4 563. 1 480.5
48 581 .4 628.3 617 .4 512.5
S0 . 623 .6 666.3 654 . 4 532. 6
‘ - s2 ‘ 663.9 703 693.5 594 . 6
| 54 6994 736.9 727.2 634 .4
S6 732.3 768 .2 753.5 670. 4
S8 763 797.9 799 698 .5
825 .3 820 73%.5

60 . 792.

[N

. . R10125-2
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) IM COMPANY
‘ : MARCH 3, 1983
T " CHAN(NOS ) 459 160 $61
TIME(MIN.) _ .
- N - 70.7 70.8 72.6 :
4 : 72.3 72.5 77.8 -
- b 74 .8 74.9 85.8 '
8 78.6 78.6 94.2
) 10 84.2 83.7 10%.7
12 91.14 | 90.3 114.7
14 99.3 98.2 127.2
. 16 109.5 108.3 1424
i8 122.% 121.5 158.2
20 136.8 135.9 172.5
22 . 1547 149 .7 184
-2 164.9 162 194.5
- 26 1774 173.7 - 214
3 28 187. 4 184.2 241 .4
30 196 192.5 285.3
32 204.3 199.2 335.9
34 206.5% 205 372.9
36 241.5 208.2 4035
38 247.9 214.9 431 .6
. 40 224.9 233.5 472
o 42 237.8 249 .3 523 .2
' 44 282.8 268.3 576
46 310.8 292.9 627 .7
‘ 48 336.2 317.9 676.5
‘ / S0 , 363.4 342 .4 721.7
: 52 390.3 367 753 .6
54 418.8 393 .4 - 785.%
56 447 .2 420. 8 818 .3
58 476.5 448 .7 852.9
8 878. 3

60 505.3 476 .

. - | RI0I25-2
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3M COMPANY
MARCH 3, 1983
s CHAN(NOS .) 170 171 172 173
3 TIME(MIN.)
- 2 74.3 70.9 94.6 141 .7
4 72.7 71.6 120. 4 136.9 :
! 6 175 73 .4 144. 9 158.5 -
5 8. 77.5 75.3 156 169 .7 '
o 10 80.2 78.2 168.8 180 .6
12 83.3 81.4 176 .9 189 .8
14 86.8 B4.7 185 193 .8
16 90.7 88.3 194.2 203
18 . 9S.4 92.5 205 . 1 215.3
20 104 .4 97.8 222.4 239.2
22 - 108.5 104.8 237.4 273.3
24 118.3 114.3 278.6 317.4
26 128.9 126.2 313.8 372.2
28 140.2 140 .4 355.1 415.4
30 154.3 156.3 380.2 460 .4
32 173.4 177.7 408.9 S00.7
34 196 202.8 438.7 536
36 240.2 210.1 483 . 4 572.4
. 38 210.5 214 .6 522.8 593.3
40 210.7 216 S46 .4 626. 6
. 42 - 210.7 230.4 §59.5 652. %
44 228.7 242.3 $70.9 676.8
‘ 46 268.8 258.2 584 698 .4
48 292. 1 276.2 597. 4 724.9
' S0 313.9 295.7 611 .3 752.7
52 337 .4 316.6 628.3 775
54 361.3 338.5 641 .9 793.6
56 382 364..3 654.9 806
58 404.6 384.3 662.8 822.3
60 429.2 407.5
’ R10125-2
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‘ 3M COMPANY

. : MARCH 3, 1983
R CHAN(NOS .) 166 167 168 169

TIME(MIN.) -
2 .

2 71 70.3 71 .14 85 2
4 o729 74.9 725 83 . 2
p 75.6 74.3 75.3 80.3
8 78.7 77.3 78.9 76.8
. 10 82.3 B4 83 - 73
12 86 .4 B8S.2 87.4 68. %
14 90. 9 90. 1 92.4 64.6
. 46 96. 4 96.7 97 | 59 .9
18 1028 103.7 102.4 55
20 110.6 111.8 108.7 1064
22 119.7 120.7 116.3 115 .6
24 130.6 130.8 125 9 127
26 143 2 143.5 138 4 140. 8
28 155.9 158. 4 154 157 .2
30 174 .4 174.8 165. 8 174.8
32 179.8 187. 4 182.4 191.9
34 192 .1 1998 198 . 1 208. 6
36 200 209 .3 217.2 223.9
. - 38 209.3 214 219 .7 23433
40 210 . 222.8 221 .2 253 4
42 240 .4 233.8 235 273 .8
a4 248 .2 251.5 301.7 297.%
‘ a6 277.7 268.7 328 322 6
: 48 300.4 287.9 355. 4 347 .1
| 50 320 .6 308.9 381 .3 370
52 337 9 330.4 406 . 2 394 %
54 358.6 352 430 .2 418 .5
56 380 7 374 454 .9 443 . 4
58 403 2 396 .4 479 .2 468
64 427 418 .7 503.7 494 .7

. E RI0125-2
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. CHAN(NOS .) 178

T

IME(MIN.)
)

&

70.
70.
70
74
72.
7%
78.
82.
88.
96

v o 0o N

& o O~ -

10%5.
i14.
123.
131.
140.
148.
156.
165.

174

igs.
206.
219.
234.

256

283 .
315.
347 .
384 .
41i8.

> raomrs ROV =0 U b

LS IS IR I

3M COMPANY

MARCH 3, 1983

179

70.
70.
70.
72.
73.
76

78.
82.
86.
?1.
97

i05.
114,
126.
138.
152.
167.
183.
204 .
a0s.
210,

PN

254

as0.
270.
290.
3i0.
331 .
383.

VIGIINY @O+ 0L+

R ART RO TN

CUTm NP d>ORRT

180

70.
70.
70.
71.
73

74 .
77

79.
8a.
8S.
89.
94

101 .
109.
120.
132.

145
186

i66.

177

189.
207 .

227.

319

348 .

378

Ol WNNC >

S ND

NN @©® YO WN

181

70.
70.
70.
71.
72 .
73.
75 .
77.
79.
82.
86.
90.
96

104

145

126.
139.
150.
159.
170.
183.
191.
196.
201 .
237.
263.
289 .
317.
348 .

RSO NOINL™ D O

D

SNNPTHQWHNDDIUNS
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* 3IM COMPANY

-‘-l.' : MARCH 3, 1983

CHAN(NOS .) 174 17% 176 177
TIME(MIN.) -
) 2 . 110.8 70.2 70. 6 70. 4 .
] 4 41372 70.9 70.9 70 4 -
: b 150 . 4 72.6 71.6 71 .1 '
8 161 75 .7 73 70 7
- 10 166.2 80.6 75.% 75.5
12 171 .4 87.2 79 79 .8
14 174 .4 95 .8 83.8 85.5
v 16 182.3 106.1 90.2 93 .4
_ 18 202.1 116.2 98 .4 103.5
; 20 233.5 128.3 107.7 115
N 22 272.9 139 117.8 126 . 4,
24 319.5 149 .1 127 . 6 - 135.9
26 359.3 157 . 6 134 2 145 .2
28 394 .8 168 142 153 .9
30 433 .8 180 .4 150. & 162
32 438 .8 196 . 6 1621 170 . 4
34 459 .7 2202 177 & 179
36 500.3 244 4 196 3 188 .9
28 516.5 272.2 217 .4 : 200. &
40 538.9 306.7 239 216 .2
42 558 .3 ' 344.8 267 .6 235. 9
. _ a4 592 .3 387.2 302. 6 250.9
46 640 .9 432.9 3402 274 .9
. 48 630 479 .9 378 299 .3
. . 50 644 3 . 5%0.%5 424 .3 339. 8
52 bbb 608 .8 515.3 381
54 690 2 549 .1 557.9 415 .9
56 743 .4 686 .7 597 & 444 4
58 738.7 720.8 643 . 4 475 %
60

. | RIOIZ5-2
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3M COMPANY R
MARCH 3, 1983 '
' CHAN(NOS . ) 186 i87
: TIME(MIN.)
> 2 1075.8 1173 .7
~g 4 *1198.5 1284 .2
¥ b 113904 1365.9
I 8 14755 1344 .5
; i0 - 1463.9 1324 .7
12 1440 1401 .6
14 - 1462.8 1447
16 1479 .6 1464 4
18 1463 1447 .4
X 20 1470 .6 1454 4
) 22 1485.9 1544
i 24 1497 .7 1490.5
» 26 1534 1508.9
; 28 1538.2 1510.3
; 30 1533.3 1523 .9
B 32 1536.7 1527 .9
. 34 1535 .4 1517.3
36 1548.7 1572. 2.
38 1577.9 1605 .7
40 1565.7 1647
42 1569.5 1614
44 1585 .7 1628 .8
44 1579.7 1640 .9
48 1604.6 1654 .7
S0 - 1604 .2 1665 .6
: 52 1601.9 1676 .7
54 1622.9 1684 . 8
56 1628.6 1693 . 4
58 1637.9 1692.5
60 -
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ILL. 24

EXPOSED SURFACE AFTER FIRE AND HOSE STREAM TESTS - TEST ASSEMBLY NO.

R 10125-1
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36"

DI W I TS
S\

. NOM. 24" WIDE x 4" DEEP (3”"CABLE LOADING DEPTH) OPEN -
~~ LADDER CABLE TRAY SYSTEM.

(® Nom. 3% 24 STEFL ANGLES RESTING ON STEEL REINFORCE MENT

VERTED TYPE 8H2 STEEL JOISTS
WELDED TO CABLE TRAY SIDERAILS ON BOTH SIDES OF CABLE
TRAY AT BOTH ENDS OF CABRLE TRAY SYSTEM.

. @ WELDED TRAPEZE SUPPORT SECURED TO FLOOR SLAB.

CABLE TRAY SYSTEM DETAILS -
SYSTEM NO.1

(TEST ASSEMBLY NO.2)

R10125-2
“ILL.26
9 :




1-NOM. 424" OPEN-LADDER STL. CABLE TRAY W/ MINIMUM CABLE FiLL.
2-NOM. 5"¢ RIGID STL.CONDUIT Y/ MINIMUM CABLE FILL.

3-12"%12°x " STL. JUNCTION BOX "/NOM. 2@ RIGID STL. CONDUIT
= YMINIMUM CABLE FILL.

NORTH
0] ®
- A
[ | | |
{ | | ]
I l | |
| | | ]
| | | 1
, | | |
] |
m i
T &
6 pEoTmmsmmo o
b

TEST ASSEMBLY NO. 2

RIOI125-2
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r (1) 7/C- NO. 12 AWG )
3 Tf(z) 2/C-NO. 16 AWG .
3 )
fwe! i R '
n." )1
vie tl < .
p.. 4 4 N ll N Ty s N
"
1

 (A)NOM. 12’x 16" " STEEL JUNCTION BOX SECUREDY/ § ¢ THREADED
. STEEL RODS,/NUTS 4 WASHERS, INSTALLED THROUGHW FLOOR SLAB.

(B) NoM. 26 RIGID STEEL CONDUIT SYSTEM.

NOM. 3% 3" §° STEEL ANGLES RESTING ON FLOOR SLAB AND.
©wzt_.oso TDO BOTH SIDES OF CONDUIT.

JUNCTION BOX AND CONDUIT DETAILS—
SYSTEM NO. 3 |

(TEST ASSEMBLY NO.2)

# RI0I25-2
o LL.28




TR e L,

/——SET- SCREW BUSHINGS

@ NOM. 5°¢ RIGID STEEL CONDUIT SYSTEM FOR SVETEM
NO. 2

NOM. 3"x3°x " STEEL ANGLES RESTING ON STEEL REINFORCEMENT
OF FLOOR SLABS (INVERTED TYPE 8MZ STEEL JOISTS)AND WELDED
To BOTH SIDES OF CONDUIT AT BOTH ENDS OF CONDULIT.

CONDUIT SYSTEM DETAILS -
SYSTEM NO. 2

(TEST ASSEMBLY NO.2)

R10125-2
L. 27
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4" Wide

Mat M20A and 1/2" Welded Hardware

Cloth

Detail 2

e
"’\
et~
e
e
: ~
e S
R
-1 &
~1n —~ +£
I - I
F ~4
&
4
4}

One Layer of Mat M20A Per 5300-C5

Detail 1

Detail 1

r<—->f-——2” Minimum

5300 S1 and
5300 C4

T

A1026
Fitting

A3300

. I

A1000

< 52" — npioizs-z

Detail 2 1LL.29

1SSUE.

AN Siataments 18 hrical infor ati0n and recommendations 1
LaNtaned nereir. e Dased 01 1@t we helove 10 Do el
018, however, unce the coOndif.onsg Ol Le and apONIC Rt
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his meternal or design IM's only wertanty shall he ro

" J.R. Tuzinski

19Dtace any of Lur DroduCts 1OUNG 10 be detec ' ive.

* J.F. Kranik

**M.A. O’Hara

Electro-Products Division/3M w

5306-C6

Conduit -
Junction Box
Protection System
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EXPOSED SURFACE BEFORE FIRE TEST - TEST ASSEMBLY NO. 2
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LOCATION OF THERMOCOUPLES:

The temperatures on the cables, steel conduits, steel

: junction boxes and within the electrical protective systems on
I the exposed side of Test Assembly No. 1 were measured by

" - 108 thermocouples located as shown in ILLS. Al through A6. ' The
temperatures of the furnace chamber in the "U" of System Nos. 2
and 3 and in the "U" of the cable tray receiving the cable air
drop of System No. 1 were measured by three thermocouples placed
12 in. from the bottom surface of the floor at the center of each
system, as shown in ILL. Al.

TEMPERATURES OF THE ASSEMBLY:

The temperatures on the cables, steel conduits, steel
junction boxes and within the electrical circuit protective .
systems on the exposed side of Test Assembly are shown on the
tables in. ILLS. A7 through A35. The temperature of the furnace

' ~ chamber measured in the "U" System Nos. 1, 2 and 3 are shown on
’ _ . the tables in ILL. A36 and a37. ‘




b

VLI
1-Gg2Z2i01d

6"DP x12“WIDE STL.—a ;,%9_, l’gcAMWG

(2
CABLE TRAY / (2) 2/C-16 AWNG

91-93

2% 12" 67 STL.
JUNCTION BOX

\\ 04 101-103
QP\‘_, —

— v o——

93,98,103—  ~7/C-12AWG

300 MCM

24,96.101,104,—o=
105,108 IO7, 108

CABL ] ROP _THERMOCOUPLES- 92,94,95,97,—

- SYSTEM NO. 99,100, 102 \-2/C-16AWG

R o 3 - : s -
B .o P T T - . R D @ e e e

Y T A TR TR



2-NOM. 5" RIGID STL. CONDUIT W40% CABLE FiLL
3- NOM.5°6RIGID STL. CONDUIT W/ MINIMUM CABLE FIiLL

4-12%12°6"STL. JUNCTION _BOX */ NOM. 2’8 RIGID STL. CONDUIT W/
: MINIMUM CABLE FiLL

'_: . |=1212° & STL. JUNCTION BOX ¥/ CABLE DROP-OUT TO 12°CABLE TRAY

NORTH

N\
NOS.91-108,259, PR
260,286,287,288 S § >

Ay

NO. 294

NOS. 169-198

(TC. NOS. 292-294 LOCATED 12" BELOW FLOOR IN U OF SYSTEM)

‘ - TH;RMO@UPLE LOCATIONS _ RI0OIZ25 -]
i , ‘ ILL A




B B R T o L R M U5 SL PR TR N R U
st ek a4 e T

147
55,157,

| e 139,140,141, 143,
| Cies 3B iE51d 13D 40
- léo,lbl &Z

i

CONDUIT AND CABLE \DLE THERMOCOUPLES -
SYSTEM NO. 2

R10i125-]
ILL. A4




TC

LOCATI/ON

259
286

288

INSIDE STL. JUNCTION BOX,SECURED TO BOX COVER wW/STL. RWE‘I’

INSIDE STL. JUNCTION B8OX .SE(_URED To BoX SIDE W/ STL. RIVET

INSIDE PROT. ENCLOSURE, IN CONTACT ¥/ BACK OF COMPOSITE
FIRE BARRIER SHEET 'BENEATH JUNCTION BOX

INSIDE  PROT. ENCLOSURE , MIDWAY BETWEEN COMPOSITE FIRE
BARRIER SHEET AND COVER OF JUNCTION BOX

INSIDE_PROT. ENCLOSURE, MIDWAY BETWEEN COMPOSITE FIRE

BARRIER SHEET AND SIDE OF JUNCTION BOX

JUNCTION BOX AND
CLOSURE. THERMOCOUPLE S -
SYSTEM NO. |

R10125-1
ILL. A3




(V) 7/C-NO. 12AWG %275
* () 2/c-No.16 AWG .

‘ 277 ﬁ—-—--zu’z(,z
276 278 .
263 B
219 280 282 266,267 283 270,284
} —_ 1
: ) Q' [ ? ]
. 264 25 281" 268 269
217—
276
282
262,263,264,265,267,
zzgg} 523;522 269,270,272,273,274, 215
(2/C-No.16AWG)
28I |
261,266,271

(7/C-No.12AWG)

CONDUIT, CABLE AND JUNCTION BOX THERMOCOUPLES-
SYSTEM NO.4

RI10iI25 -|
|LL;&A6




M COMPANY

\ ‘ DECEMBER 21, 1982
Y CHAN(NOS .) 101 102 103 104
; TIME(MIN. )
N 2 - 5.8 b6 .4 67 .4 b6 .1
i 4 2 65.9 b7 .2 68 bt . 2
I3 : b6 .4 70 b9 .8 67
8 7.8 75. 6 73.9 68.3
10 70 .8 87.7 83.2 70 3
12 74 .9 103.6 96.5 705
14 B81.6 112.8 105.2 75.3
: 16 7 8% .9 121.3 114 .4 79.2
¥ 18 91 .4 129 .8 112.2 83 .4
., 20 4.5 138. 5 120.3 87 .5
- 22 98 . 4 149 126 .9 92
24 101.9 161.7 134 1 96 .7
26 10%.8 171.8 140 .9 102.2
24 110.5 184 .1 150.4 108. 4
30 116.1 201.9 163.3 115.3
32 120.3 216 . & 173 103 .2
34 124 .6 232.2 183 .1 41310
: 36 1238 .6 251 . & 196 1477 .2
. 39 134.5 275 . & 2i1.9 153.5
40 142 .6 289 .7 223.8 166 . 4
i 2 147 .9 307 .4 2419 182 .7
. 44 156 .4 338 .8 260 . 4 201.2
_ 35 169 379 .2 280 .8 223
‘ 48 184 .6 406 .7 302.%5 244 .72
v - 50 204 .3 434 324 .7 265 .2
' 52 216 .1 467.3 356. 1 284 3
54 244 .4 503.4 38%5.9 305 .2
. g6 277 .4 529 .8 405 . 4 328.9
s 299 .6 554 . & 429 .8 349 %,
&0 320 .7 577 .4 454 .8 269 .9
R10125-]

ILL. AlO




3M COMPANY

3 DECEMBER 21, 1982 |
‘ CHAN(NOS.) 93 94 9% 94

¥ TIME (MIN )

2 75 X 65. 1 67.7 735
PR 2754 X 64.8 67.3 72.9
6 75,2 % 65. 4 69 .1 73.5
8 | '75.3 X 67.14 71.3 73.7
10 75.7 X 9.9 74.9 741
12 76 .4 X 75.3 87.6 77 .4
14 77.7 X 83.3 99 2 85 .1
16 80.4 % 90.5 109 .4 95
i8 - 85.3 ¥ 97.5 1181 103.3
20 96. 6 X 109 .3 124 .6 111
2 118.3 x 1404 129 4 147 4
24 161.5 % 162.4 134 .14 124 2
) 2e 204.8 X 177 4 142 124 6
: 28 226 . 4 % 187.3 154 .3 141 4
g 30 237.2 x 1944 178 15% . 4
32 242.6 X 199 .4 191.3 170 .1
34 245 .3 X 204 .2 200 .14 191
36 246 .6 X 208.5 209.2 203
38 247.3 X 209 6 - 218.2 206 . 4
40 - 247.7 % 209.6 225 9 210 2
42 247 3 % 209.9 233.9 212 4
A 44 248 22% 4 242 6 212 .G
46 266 .3 2342 265 24734
A8 287 253 6 301.5 2135
50 - 308.7 287 4 333.5 214 7
sz 334 329 3%9.6 227 9
54 354 2 354.9 379.7 239 4
56 366.5 3703 400.5 251 %
58 377 .8 389 4 423 ¢ 269 9
60 382 .9 398 443 4 292 . &

¥ - INDICATES APPROXIMATE TEMPERATURE




/

M CoMPANTY
DECEMEER 21, 1982

CHAN(NQOS ) ' 73 : Y

ki _ TIME(MIN )
il ‘ 2 * G
) ~ 4 : 75
o : 6 75 .
:'(; 8 75 .
i . 10 75.
_t 12 74 .
14 ' 77
. ie ‘ ge .
- 18 B6
20 , 97,
22 119
24 163,
26 208
= <8 230 .
30 : 241
32 244
S [ ' 34 | 249
1 . 36 254
1 38 251
-~ : 40 252
42 Jr Yo

bl
s

b d g
LA X

K
W
75.2
75 .4
7% .8
76 .6
78 2
81 . 4

K 87 9 x

84

r‘\

b 4

o)

3

i

&

8

4

=R AN N =
% % % X € % ¥

~e

i
Wk LLITI D

X 100 .8

12605
178
22005

[ T

P Bis N
a8 o
274 ¢
.{377 "

bt Aoy 4
e 7

280 p

220 4
Coel .

2801
44 252

” 2 261
« > a6 265 307 . 4
| - 48 3025 331

BT , 336 3u3 2
- | ¥ 3609 382 o
} 54 385 4 408
: YA 470 3 439
et 5g 445 4 454 o
60 : 452 ags

N
% % % 3 3 % 3

¥* ¥ ¥

NS e

- X — INDICATES APPROXTIMATE TEMPERATORE

R10125-{
ILL. A7




: 3M COMPANY
' DECEMBER 21, 1982
. CHAN(NOS . ) 101 102 103 104
TIME (MIN. )
k' 2 6H5.8 bb .4 67 .4 b6 .4
- 3 2 65,9 7.2 68 bt . 2
& Y 70 69 .8 67
) " 67.8 75 . 4 73.9 68 .3
10 70 .8 87.7 83.2 70 3
i 74 .9 103.6 96.5 7005
14 Bi.6 ii2.8 105 .2 75 3
16 8% .9 124 . 3 114 .1 79 .2
; 18 94 .4 129 .8 112. 2 83.4
20 94.5 138. 5 120.3 87 5
22 P8 . 4 149 126 .9 92
24 , 101.9 161 .7 134 4 96 .7
26 10%5.8 171 .8 140.9 102. 2
24 110.5 184 1 150 .4 108. 4
N 30 146.1 201.9 163 3 115 .3
> 32 120.3 216 . 4 173 VX -
, 34 124 .6 232.2 183 4 134 2
B 36 123 6 251 . & 196 147 .2
, 39 1345 275 . & 211.9 153 .5
40 142 & 289 .7 223 .9 166. 4
: 40 147 .9 307.4 241 .G 182
N 44 158 . 4 338 .4 260 . 4 204 .2
46 169 379 .2 280 .8 223
48 184 .6 406 .7 302.5 244 2
. -1 204 .3 434 324 .7 265 .2
52 216 .4 467 .3 356 .1 284 3
54 244 4 503 . ¢ 385.9 305 .2
. 56 277 1 529 .8 408 . 4 328.9
S8 299 & 554 .4 429 .8 349 4,
AT 300 .7 577 1 454 .8 369 .9
N

. Ri10125~)
ILL. AlO
;.. : . ¢
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3IM COMPAMNY .
DECEMBE R 21, 1982

CHAN(NOS . ) 97 8 9 ‘ 100

: TIME (MIN, )
; - 2 . 67.2 b6.3 65 .3 b5 b
: 4 X 669 b6 . 3 65 . 8 6% .
3 b 67.7 b6 .6 6% .5 6% &
5 - 8 68 .6 67.8 b6 .7 bo 7
o . 10 69 . 6 68.5 67 .9 AR
% i2 73.4 71.7 69 . 4 708
i - i4 80.4 78.8 73. 4 7% . 4
1 - 16 92.5 86.3 786 . 6 R
? 18 108 .6 94 .8 an 87 4
o 20 119 .8 100 .2 10C.9 93 .3
22 124.9 105 .3 109 .6 98
24 128.5 109.9 1207 1035
26 133.5 118.% 1289 . 4 110 1
b 28 149 7 134 .9 136 1 116 o
; 30 160 .5 139 .4 140 .7 122 v
32 172 156.3 146 .9 140 4
A 34 185 . 6 177 © 162 9 141 .2
36 197 .2 193 .6 187 .7 148 &
38 203 .9 202. 2 197 .9 174 .7
- 40 206.8 204.9 203 4 196
45 209 20% .7 207 .1 199 2
44 209 .5 206 . 4 208 . 7. 204
7 b 206G o
5 7.4 204
o® 208 ¥
& 206

206 .7
214
27 4

4
206 .8
3

R

™~
S

R10125-1
ILL. A9




|
i Jme— I —
\

R S 3IM COMPANY .
" - DECEMHER 21, 1982
3 CHAN(HOS . ) : 139 140
TIME(MIN.) _
2 68.4 55 . 4
4 - . ’ 67.9 66 .3
6 : 68 . 1 58 . %
i 8 | ' 68.3 58. 6
- 10 : 8.3 60.9
o 192 8.3 5% .9
14 8.6 633
: 8.8 S6.8
.9 55 .9
1 b1 .3
- 8% . b
b 74 .64
76 .4
.4 78 . 4
1 80.8
.7 83 .3
6 8% .9
b 88. 7
.4 94 .4
5 Q4. 7
8 o8 .2
A £03.3
3 107.5
9 142
2
.7
.7
5
87 .4
88 .6 20205

RIOI1Z5~1
ILL. Al2




CHAN(NOS )

TIME(MIN,.)
2 ;
4
6
8
10
12
14
16
18
20

22

04
26
pod 2]
30
32
34
36
34
40
4
44
46
48
S0

gt}

54
Sg
60

10%

b6
65 .
66 .
66 .

70.
72.
75.
79.
83.

9a.
?7.
103.
112,
119.
12% .
132,
138.
143 .
139,
157.
175
i89.
200.
218 .
241 .
259 .

arz.

PRABUIENOORMDBIECNND

302,

G N~ O DGl

SOV DUN

3M COMPANY

DECEMRBER 24, 1982

106

6% .
65.
65.
b6
68.
70.
73.
77.
81 .
86 .
?1.
25

100 .
105 .
110,

147

123.
130

137

145 .
157
170
182

194,
209.
227
247 .
265 .
283
301 .

VIO ONDDIES N

107

6% .
46
69 .
73.

81 .
86

90 .:

93.
98

i02.
108.
113.
iig.
124
132
146 .
164 .

176

180 .
189.
200 .
214
229 .
244
261 .
276 .
297 .
314

DUDICND

S0 L

106

HY .
6% .
bh .
657 .
69 .

73.
76 .
79.
gi .
84 .
87.
?0.
?3.
93.
i03 .
103.
114 . %
124 .
128,
135
143 .
1540
156 9
166 #H
190 3
2066 .82
218 3
219

221 4

WS D N NS BTG

Y10 N

SN A

RIOI25 -|
ILL. Al




‘ CHAN(NDS )

TIMEC(HMIN.)

~y

20
24
26
28
30
32
34
36
36
40
42
44
46
48
50

oo

put 4

54

56 .
58

60

683 .
68 .
69 .

‘7o

81.
94 .

1124
124,
141 .8
152
164 .
170.
177,
187 .
198.
21 0.
220 .
244 .
234 .

240

246 .6
247 .

268

279
287 .
ave.
30%5.
321 .
334,

350

c-o-brom®

DO W OO L NG H

~N

XV ry © OO C

IM COMPANY
DECEMRER 2

i4é

67.
67.
68.
69.
71
7%.
82.
89.
97

105 .
112,
118.
124
131 .
138.
147 .

157

166.
i72.
178.

189

192.
agi .
211
220 .
139.
236 .
252 .
264 .
280 .

VI i Libifo 0

NNGRNNGM

[

1982

147

67 .
67.
67.
67.
68.
69 .
71
73.
75.
79.
83.
89.
94 .
101

107.

14%

1'9'9

[ e

129 .
137.
144
151
158.
166.
174.
i82.
188.
198.
207.
217.

228 .

ORI

ST H VR~ 0N

AR I NN

v

SO PR . O O O L IR UL SDR L PP S

148

70 2
6% !

69 ¢

69 . %
69 ..
70 .1
71
72 .4
7%

78 .1
a2

8é .1
Qa7
100
113
i24
131
138.
145.
150.
154
156.
160.
166.
173
179.
i86.
i94.

204
© 214

R10125-1
nLJMﬁ

T

NI G

ENs Y

P
LL 8]




; \
~ 3M_COMPANY
i. 4 DECEMEER 21, 1982
o CHAN(NOS . ) 141 142 143 144
TIME(MIN.)
o 2 : 76.1 67 .3 68 67 % - ,
4 : 98.3 b7 . 4 70 .6 b7 .G .
6 119 .6 67 .7 76 .8 68 1 :
g 8 : 130.7 68 .6 86 .8 69 .3
4 .Y g0 137.9 70 .1 1021 71.5
't 12 142 .6 72. 6 120.8 74 &
- o 14 148 .8 75.5 138 5 78.5
. : 16 152 1 78.9 153 . 4 82 a
; 18 155 .4 82 .4 166 86 .5
20 161 84.9 174 5 90 3
- 22 166 .4 87.8 180.7 94 2
24 171.3 90.2 184 . 9 93
. 26 176 .2 92 9 188 . 5 104 .7
- 28 181 .2 94.9 194 3 104 4
30 186 1 96 .9 196 1 108 p
_ _ 32 190 .5 99 . & 202 4 144 %
A 34 196.5 102.3 ; 207 .3 115.%
S 36 202.7 - 106 215 4 119 .75
38 2125 109 v 227 6 124
> 40 220.6 113.7 238.7 1298
. 42 225.7 118.3 249 4 133 8
: o 44 229 6 123 254 4 139
. 44 233.7 126 .7 270. 5 144 72
) : 48 239.2 130.7 280 .3 150
a o 50 245 2 135 291 . p 15% o
g0 250 .4 14409 304 4 1627 ‘
' 5.9 asy . 3 144 245§ 167 9 |
o % é 267.7 151 .5 322 7% 5
S sa , 275 4 156 .8 336 3 182 5
60 283 32 162 3 347 .83 189 o
o
o
o
-
o
-~
o
- R10125-)

- : _ iLL. AI3
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3M COMPANY
DECEMBER 21, 1982

CHAN(NOS . ) 153 154 155 156
TIME(MIN . ) -
2 68 68 68 .2 67.%
4 > 68 68 68.3 67 %
b D684 68.1 68.3 67 .7
8 68.2 68.3 68.4 68 .4
10 68 .4 68 .8 68.9 69 .8
12 68.8 69 .6 70.3 74.9
14 69 .6 71 72.6 74 .6
16 70.9 73 76 .1 77 4.
18 73.4 75.5 81.3 79.7
20 77.2 79 84 .8 2.4
22 82 83.8 98.2 84.%
24 87.2 89.9 107.7 87.3
26 93.2 97.2 116.7 8%.5
28 ' 99.7 10%.7 135 . 7 92
30 - 106.6 115.3 135.6 94.7
32 113 .9 124.5 145.7 97 4
34 122.2 131.5 154 .6 100 .7
36 130.9 136.9 161.%5 103.5
38 140 .4 141, 3 166 .4 106. 6
40 149 1459 170.2 110.3
42 - 155 .3 150. 6 173. 6 114 .2
44 159 .5 155. 4 176 .5 117.7
46 163.7 160.8 180 . 4 121.9
48 168 1666 185 . 6 126 .3
50 1726 1721 192.6 130.2
52 178.5 : 178.3 204.3 134.3
54 184.8 1846 214 .3 138. %
56 192.5 192.95 222 .4 143 .3
58 204 .2 202.3 233.7 148 .2
60 .. 21.0 .4 214 .1 245 .5 153 . 4
R10125 -]

iLL. A6
L




~
N 3M COMPANY
: . o - DECEMBER 24, 1982
\ o CHAN (NOS ) 149 £50 1514 150
TIME(MIN.) | |
o 2 : 67 .6 68 3 67 .9 67 0 |
4 : 67 . é 68 . 1 67 .9 68 1 ‘
A 67 . 6 68 = 67 .9 68 .8 -
o 8 67.7 68.5 67 .9 73
. Y 67.8 69 .2 68 77 9
12 68. 1 70 68 .4 84
o 14 63 .8 72 6% on 3
) 16 70 74 3 69 .9 1i4.2
18 71 . 6 77 .7 7102 1329
20 73.8 81.8 70 142 3
b 22 76 .6 86.5 74 7 157 .2
o 80 90 75 3 164 4
o 26 83.9 98 9 80 . 4 171 .7
24 88 . 4 107.2 B4 3 184 8-
30 94 117 88 8 206 .1
oAz 100.6 129 9 94 2 2R3 7
- 106.5 1447 100 .6 220 B
36 113 .6 158 3 108, % 230 .7
38 121 4 169 1 116.5 244 4
4 40 128 17% .3 124 264 4
; ) 132.7 179 3 129 g 262G
' 44 137.8 182 134 1 288 . 4
hd 44 143 4 185 2 138 .8 269
& - 48 149 .3 189 1 143 7 307 6
| S0 15%.5 174 2 148 4 315 6
: A e 161 .8 200 .4 153. 9 322 9
54 168 .3 207 .4 158 ¢ 337 4
56 £75 214.5 1653 351 .7
> 58 1824 2227 1723 3683
&0 189 .9 232.% 179 7 386 . %
.
o
o
. ’\"-
-
-
®
R10125~]
- ILL. AIS
N




T

- CHAN(NQOS )

IME(MIN ._‘)

2

I 4

4
6
&
10
12
14
16
16
20
22
24
26
28
30
32
34
26
38
40
4z
44
46
49
50
52
%4
56
S

60

187

67 .
67.
68 .
74 .
75.

8% .

C 92

99

TR = N Ul T G

108,
115,
122.
132,
143 .
15%.

164

174
179 .

194
197

199 .
206 .
201 .

202

202.
202 .
201 .
186 .
190 .

138

0 i @ N - S NS i

00 g

3M COMPArY
DECEMBER 23, 1982

158

67 .
67 . &
68.
69 ..
7%
75.3

83 .2
87
71.
95.
99.
102.
106.
110.
i14.
119
123
127,
133,

137

145.
147 .

152

.158.

164
174 .
179
184
196 .

3
3
9
3
79.4
)
=)
6
9
8

15¢

N
&

& g1 N

7o
88 .
99

114
120
121
131 .
13%.

257 . 4
283.
304 .2

325

B N

i44 o
15% .5
169 .2
183 7
195 .8
208 7
219 &
228 &
234 &

P

326 %
327 .8
336 2
352 .4
Jb4 @
380 .1
394 {
407 . 9

160

1546 .7
1

1624
165 .4
167 9
i70.7
175
178 .3
181 6
184 7
186 @
188 &
192
1959 6
190 1
202 .4
206 .9
214.5-
218 . 3%
228 3
236 6
240 .9
245 1
250 .45
254 7
259w

R10125-1
iLL. A7




- M COMPANY

. DECEMBER 21, 198

= CHAN(NOS. ) 169 170 ‘171 17

CTIME(HIN.)

D

67 .
67 .
69 .
73.
77
82.
87 .
92.
‘ 18 94 . 98 .
- 20 97. 104.
4 a2l 104 .73 110

67.
69 .
76 .
79 .

1.0 82 .
: 12 82 .
- 14 8¢ .
- 16 93.

~
W

co >

NGB ES NS> D
SO bTOR

= 24 104. 6 115
-~ 2é 108 . 1 121
| 28 107.7 126
- 30 1436 132
- 3z 1174 137.
0 34 120.7 1432
: 38 . 121 150
-~ 38 1241 157 .2
40 130.9 164. 6
42 134.9 1728
~ a4 137.2 180 .9

' , a6 143 .9 187
48 _ 143 & 196 .4
, %0 148 & 205 7

G 154 .9 2148
54 1648 217.9
~ 56 1572 229 .1
58 169 .1 240
60 169 8 249 3

KNS BN

i~ ILL. A20

{




A I A G G ¢

CHAN(NOS . )

165

68 .
3.
68 .

70.
71.
75.
76.
82.
88 .
28 .
i08.
118.
129 .
i40.
i52.
167
184 .
201 .
208 .
210 .
2i4.
2414 .
2i2.
212
223.
244
265 .
284 .
299.

o
G
N T dOTCT

~
~

oIS

VNS QRGO VODLDTUHOVWWE TGN

3M COMPANY
DECEMRER 21,

166

68
68 .
70
74 .
79 .

" 83.

88 .
4

3

NSO

i03.
111,
120.
129.
141

. 156.

172,
i92.
242
229.
245 .
254 .

265

286
303
316.
329

342

355 .
369
381 .
392

F IR e IR VS I N VIR s o € RV B e N O

1782

167

68 .54

&8 .7
71 .14

72.7
75 .8
79 .9
85 %

2 v

104 .3
143 2
129 .4
137 @
193 . 6
170 .3
18540
ieg .7
208 .5
2249
245 9
356 . h
26t .4
274 .9
8% .3
296 .7
309 . 2
3a4.7
334 A
348 . 4
162 . ¢
377 1

168
100 4
134 .8
190 .7
161 .3
16y
173
1684 4
188.9
1922
{94, 7
197 . 6
200 .8
204 3
209 4
213 .7
216 .9
1-20 .’-‘
235 . 2
242 .7
CATS I
268 .7
278 .4
288.3
297 7
07 &
31&.&
329 . 2
3361
346 &
342 A

R10125-1]
ILL. Al9




3M COMPANY

. LECEMEER 21, 1982

~ CHAN(NDS . ) 177 174 179 180
TIME(MIN. )
: 68 67 .8
68 b7 .9
s b o e8.2 b67.9
-~ & 683.9 68
10 70.4 68 . 4
_ 12 il 69
R Y 76 . 4 69 .9
: Y 80 .7 74 .4
18- 86 .2 72 .
-~ 20 93 .1 7% 4,
' oa 101 . 78 4
X 24 11 81 v
|-~ 26 122 86 &
K 26 133 9n 3
: 20 14% . 99 4
- 32 157 . 1907 .8
i 34 169 117
126

. 38 188 133 .7
40 199 140 3

v 42 211 147
o~ 44 20 154 . &

46 236 103.7
48 249 .
50 262 .

173
188 .

52 273 . 192,

54 2YG 203 .

-~ 56 299 . 213,
. 58 316 225,
60 334 . 239 .

36 179 .

HLHBUHWD GG~

N NGiesO O
W™ NN

R10125-1
iLL. A22
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CHAN(NOS . )

TIME(MIN. )
et

4
6
8

26
28

32
34
36
38
40
470
44
44
48
50
G
$4
“é

58

Y

173

67.9
71.2
79.5
?4.9
i04.
117,
128.
140
149 .
i56 .
162.
168.
174 .
ig1 .
i88.
19%.
202.
211
219
229 .
237 .
247 .
25% .
264 .
a7
281 .
285
296 .
30%.
312

WUV O SR NEINPOTIRO RN

0 =

3M COMPANY

DECEMERER 21, 1982

174

67.
£8.
7.
79.
86.
9S

103.
110.
118.
125.
132.
137 .
144,

154

156.
162.
169
176 .
i86 .
194
2014 .
213.
221 .
232.
243

253

259 .

ma ey

[P AN

281

290 . ¢

BN DO ®N

DD NN RWND

G

o,

179

68 ¢
70 . %

7.
84 .
1.
?6

PRI IT S T PN
V

107 .
117,
133

157 .3

18%.
218
246
272
295 .
RS
34%
356 .

358 ..

366 .
376.
385 .
39%.

405 .2

415
427 .

4343 .

452
YO

YL e T i

402 1

6B
HE .
67
Y
&H4
61 .

S5,

b

9%
10%
115 . %
126 8
136 %
14462
155.3
16% 4
123 .3
182 9
1924
ans .y
217 .2
231 .7
244 @
2%6 . &
2743
283 . %
299
3353
326 9
341 2

RS RS B2 TR RN

R10125 -]
ILL. A2I

B e N
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- 3M COMPANY

‘ : DECEMEER 21, 1982
e CHAN(NGS . ) 185 184 187 185
i TIME(MIN.)
- a2 . 7.8 67 .6 67.7 67 &
5 4 -~ Bb7.9 68 68 &8
K & i o68.2 70.8 70.2 74 .4 :
-~ 8 Ce9.2 76 .8 7.7 78 .1 -
; 10 71.9 83 .6 83.5 87 '
2 77 90.7 92.2 95 . &
~ 14 85 .5 98 .2 104 .3 104 3
16 96 .4 105 .4 110 1117
; 18 108 111 .4 119 118 .2
e~ 20 118.9 118.8 126.3 125 . 4
) 22 127.5 124 6 134.2 131.9
g 24 13% 130 140 .5 137 .8
-~ 24 140.9 1351 146 . 6 1437
8 24 145 .8 140. 8 151 .7 150.%
: 30 153.2 145 . 4 157.8 157 .3
~ 32 1%9.5 152.2 164 .1 164 .4
: 34 166 .1 160 .4 171.9 1717
: 36 173.7 167.8 179 .3 179 .1
-~ 38 179 .3 176 *4 188 186 .5
40 186 .6 185 .2 198 % 197.5 .
_ 32 194.5 193.3 208 .1 207.2
~ 44 202 204 .4 219.2 218
_ 46 214 .2 210.6 229 .2 228.7
48 220.9 219.9 244 .6 239. 6
50 231.5 229 252.3 250.3
\ 5 244 .8 239.9 263.7 261 .8
54 254.2 251 .14 275. 4 272.9
~ 54 2741 .7 261.8 291 .4 285 . 4
58 292 .2 273 303.2 297 .3
_ 60 3115 286 319.5 3089
-’
”~
~
~
~
1
-~
® —
; ILL. A24
o~




- M COMPamY

; ~ . DECEMBER 21, 1982
. . ~ CHAN(NOS. ) 181 182 183 164
—

TIME(MIN. )
2 : 68 . 1 67 .
Y, : 69 . 6 67 .
& 73 .6 67 .
8 85 68
- 10 93 .9 : 68 .
12 98 . 2 70 .
14 104, 71 .
16 118, 74 .
18 130 77.
20 136, 82 .
~ 22 170 . 87 .
L 24 190 94 .
T 207 . 103 ;
-~ - 225 . 113 113 .5
30 245 . 124 122 4
4 32 . 267 . 135 .8 132 .2
2 34 289, 147 142 .9
36 314 158 1%3% 7
3n 328 167 o 15D 4
> A0 2144 175 o 169 1
Y 358 . 184 177 .3
44 , 370 193 .4 19% %
> 46 383 202 . ¢ : 19 4

")

b7 1 .
67 7. -
6 _"7 (9 .
69 .
68 .
70

e ]
[

74
78
3
88 &
95. %

103 v

L3l

KBTI 0
Ci 0

£ O

(o
[
IR E 251

\;,_.ue\p\:;mb\lmmcmwgomcaub

: 4 395 213 .1 200

, .o 406 224 4 2114
, 5o 419 @ 235 .5 2oy v
> Y ' 433 3 247 .7 232
B4 : 445 9 260.5 244 4

hd Y 460 . 2 273 3 2563

60 473 .9 286 .7 269 .3

f‘ll" ' | | | R10125-1
g | | | iLL. A23




y 3M COMPANY
' o DECEMBER 21, 1982
i CHANCNOS. ) 194 199 196 197

TIME(MIN . )
- 6H8.9 68 . 68.9 6B
4 - 70.5 68. 72.% 68.
i 6 21 70 AR 69 .
“ 8 84 .9 7a. 84.8 71 .
i 10 96 7% 94.5 7%
) 12 107 74 9.7 79

wi d

i i

I

IS

G NI

14 1149 g1.7 1065 4.8
16 1248 86.6 1002 92.5
18 142 4 94 & 109 2 993
2 1736 100 .6 120.% 105 7
2z 209.8 108.7 133 .4 111
24 232.9 118 146 .2 117.7
: 26 248 130 .9 1609 1284
¥ 28 292 .4 145 .7 176 6 1426
: 30 294 3 162 .2 193 .2 153
32 208 170.5 213. 4 170 &
34 314 .4 191 .2 246 .8 205 1
36 3311 2043 270 .4 222 %
3 3409 209.6 290G 230 . 5
| 40 354.5 211 .1 307.6 241 .6
- 42 365 214.5 302.2 250.%
‘ 44, 380 4 227 .4 322.5 2667
. 46 404 .3 250 . 6 345 % 278 . %
| 48 411 .3 270 1 359 .1 290. 8
; 50 423 .2 284 . & 370.9 303
52 437 300 .4 376 315 S
54 450 .9 3174 386 . 4 327 6
56 46% .4 341 .1 396 . 4 340
58 49:7 .4 356.8 4055 352 3
B0 495 9 372.% 417 .9 365 2

. - - ' RIOIZ5 -1

o | ILL, A26
o ¢




\-’.
“ 3M COMPANY
B DECEMERER 24, 182
- © CHAN(NOS ) 189 1914 192 193
‘I TIME(MIN )
1 o 2 : 70.5 67.9 68.% 713
ok 4 ! 95 .3 68 oty .7 93 14
“f 6 124.3 68.5 68 9 120 4
. . B8 147.2 69.3 69 .3 141 .8
: . 40 165.7 70.4 69.8 156 .5
e . 12 177 714.9 70 .4 170.8
' o 14 181.9 73.6 713 191 .5
. ) 16 187 .9 75.3 71 . & 108 2
18 193.2 77.32 72 4 19% .3
o 20 197 .2 79 .4 73 .4 202.9
22 195 .2 81.7 73 .6 2437
24 . 196 .5 83.7 74 .7 220.8
. 26 202.2 85.8 75.4 233 7 .
24 226 .1 87.9 76.5 P44 7
| 30 244.7 90.2 77.2 244 4
| 32 262 .2 92.5 78 1 249 3
had 34 280 .8 94 . & 79 .G 244 4
36 293 96 .6 80.2 240 .5
' C3® 304.6 98.9 81.8 234 7
“ s 320 2 101 . 4 a3 249.2
‘ : 2 338.5 103.9 84.3 2624
' 44 3%%5.8 106.3 85.5 272 4
. S48 368 .6 .108.8 86.7 . 202 2
: 48 381.3 111.5 88 .4 291 1
g « . S0 400 .4 114 .4 89.9 300.2
52 . 4229 117 9 . 6 309 3
54 : 433 2 120.2 92 7 3193 1
o 5 445 4 123 .4 96 .4 325 .9
.88 458 .6 126 . 6 95 .8 334 3
o s0 471 .4 129 .3 9. 4 343 1
(-
~
L
~
d "\

‘ S - | |  RIOI25-]

o . ILL. A25




: OHAMINGS )
2R TIME(MIN )
B o

o5 e R

202

18 g2
20 02
22 02
24 02
2602
28 o
3002
3208
3408
36,02
3902
40 02

A N F:
‘ 44 02
4602

48,02
49 3%

53 .32
S5 33
He . 33
59 38
I M 44

M COMPANY
DECERRBER &3,

1782

G AN U

o
A

L
O i

PESEN IR+ B S 1

H
“

.83
.9

260

6% .
b&H .
68 .
73.

83 . "

96 .
114
136

162.
174 .
185 .
{9
176 .
204 . &

244

228

24% .
269 .1
29% .
321 .
350 .7
380.
41 0.
441 .
473 .
492 .
S24.
E56.
587 .

b1 .

640

674 &

R10125-1
ILL. A28

i

(29

Y

~1 -

A

"7

L




N

o

CHANCNGS . )

TIME(MIN

xco b M

52

54
96
58
&0

178

856.6
122.
128 .
153.
144,
150

179 .
1914 .
180

Ul O W W Y1 i

189 .6

199
200 .
234
237 .
246 .
250
24%
238,
237 .
236 .
246
254
262.
270 .
278 .
287
294 .
302,
310.
348 .

o -

WD D0 s

VOV N O OO D

3M COMPANY
DECEMEER 24,

R10125-1
ILL. A27




3m COMPANY

. DECEMBER 21, 1982
3 2

CHAN(NOS.) 26 266 267 268

Iy

§ ! TIME CHIN. ) |
o 102 67 &7 67 b9

?

67 .
&67.
68.

67 .
68.
69 .

1

4 4
67.9
&8 .7

‘ g 2.02 Y b6 .9 874 67
: a.02 D 67.14 67 .4 67 .4 &7 :
- & 02 669 67 67 67 -
BN g.02 67 67 67 67 : ‘
i 10.02 67. 67. 67. 67
- 42,02 7. 67. 67. 67.1 .
g 14.02 67 '

. 16.02 67
N 18.02 68 .

o 20.02 69 70 70 70
: 22 0D 71 na 73 74 .7
. P4 02 75 75 . 79 . 74 3

26 072 80 .
- 28. 02 86 .
N 30.02 93 .

80.
87.
99

83.
?1. 8% .9
100.6 95 .7

78. 4

IR A S R R R =

GRBIBVDOL N &> P
RS LidNN»2Roilew

o
A

32,08 102.8 116.2 112 2 107 . &

By 34 02 114 .1 124 7 127 @ 125
B 26 02 147 8 144 & 146 % 150 9
| 39 02 161 1 156 3 160 7 157 .3
. 4002 175 .2 168 9 172 . 6 166 @
. 42 02 186 4 180 .1 185 8 163 4
. a4 07 197 .8 1917 195 .8 192 G
46 02 202.5 198 % 199 3 19¢ 1
. 48 .02 206 204.2 205. 8 203 7
45 2% 207 6 207 .1 209 .2 205 .3
| 12D 209 .4 212 217 .5 208 4
. 533z 208.5 215 . 1 227.8 210 7
55.33 213 .7 219 1 237 212 .6
_ 57,33 226 4 234 .9 247 .2 216 1

. 59.32 244 2 249 4 261 .9 223
643 267 2 269 4 282 23w 9

‘ R10125-}

llJ.ji\3()

o v,




3M COMPANY
DECEMELER 24, 1982

CHAN(NOS ) 261 262 263 264

TIME(MIN.)
.02 ® 65 .9 67 &Hé 8B
Q.02 : 66 . 66 .7 64 bty . @
4 02 69 71 .2 b4 .8 b7
6. 02 75 . 80 . & 66 .9 bty @

8. 02 8s. 103. 67 .4 &7

4

8

3 o

Ll <0

1002 102, 127 67 . 67
12.02 130 146 . 67 € 67 1
o 14,02 149 16% . 69 67 .3
16. 0% 156 . 176 71 .3 67 %
18. 02 168 . 180 . 74 4 68 . 8
> 20,04 176 . 189 78 7 69
22 02 183 194 .
_ 24 02 187, 222 93 & 75
- 26 02 192 . 274 . 100 01 .8
29 0p 233 290 140 .3 91 . @
. 3000 289 324 t12 © Los
> 3p oz 31y 3426 134 Lon
) 24 07 344 . 388 . 2 144 4 143 4
j 36 00 380 . 444 154 @ 152 &
(I g 0 394 480 168 ¢ 162 4
. 40 02 : a3 508 @ 185 4 176 4
i ap gz 474 . 534 % 194 7 fEe

& )

N
N ENEAREY UR Sy

85.3 72

W o
3o

o

e 44 Qp 498 . 563 .9 201 .8 198 3
_ . 46 02 513, 593 2 205 .7 207
\ 48 02 534 . 6245 208 207 5

3
208 4
209 4
200 £

- 4% 2y 539
By 3p Sy

53 30
- 85 23 629 .

BER W L P

634 .9 209
658 . 2 217
687 .7 238 .
711 . % 256
57 33 660 - 736 .4 275 .

59 32 740 764 .9 296 .

> 6t 32 768.9 791 .7 316 53

PO VOT o D00

34
2484 4
218014
.oy g
2-3 \5 B

247 ¥

P IAS ISR THE RIS

ro

L~
At

o '
, - R)OI125-}

v | ILL. A29




:

CHAN (NUS )

TIME(MIN D

o2
2o
4. 0
6. 0w
g 02

s,
13,
14.
16,
1G.
2.
g2
24,
S

29 .

D
o i

30
L
R

51

Lo %

i s I
57.

59

02
g
e
ne
02
0a

o
S
(U
0e

L2
143
34.
34,

- 40 .

42,
44 .
I
493
49

g2
62

el
g2
02
pa
0z
2

35

E
53

30
2
33

oy

. I

61,

3

273

67
7
67 .
67.
67 .
67 .
68 .
70 .
7% .

Xy
’

84 .
B3.
84 .
87.
97
?8 .

102,

100

10%.
i07.
107.
it12.
111
131
141 .
154,
157.
171 .

183

181
179
177,

X

TS WS D

3IM COMPANY

DEGEMBER 21, 1982

274

&7 .

vy
4

o
.

~e
%]

68
69

72.2
. 7a.

77
78

UMyivis 00 Oorafo nlo

93
i0

m G G

- INDICATES

68 i
8. 22
68 .
68 .
68 .

69 .
69 .
69 .
VAR
70.
71 .
71.

73.
74
74.

75.

81.
84.
88.

3

9
.9
&

[
S
5

pos

()
.8

4
4o
8
3
6

R N

£S )

NS o

APPFROXIMATE TEMPERATURE

!

R I

.8
113.2
119. 3%
124,

27%

68 .
68 .
69
69.
69 .
69 .
69 .
69 .
70
70.
70
70.
70.
70.
70.
70.
70.
70.

-
4

71.
74
71
74
72
72.
72.
73
73.
73.
74 .
7% .
77 .

N UG G N8

N Utn L LS

-

NIRE: SE AR

-~
o

(E RN

RN T REN

6o b

67 . &

7% .6 _
91,7 -
147
147
175
197

244,

PG T

o
HES

o O

233 .3 )
2%

269 .1

2940

344 .7

Ja6 3

374 .
449 .
4379 .
467 .
49% .
524 .
S5
$73.575 X%
594 9%
637 .
654 .
6643,
712
739 .
766 .
77?1 .
814.

B oL 0 S LT

~z.‘;l‘£&?0bw0*\'=f
*

~
fas)

R|0I25-| oM,
IiLL. A32
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IM COMPANY
DECEMEER 21, 19u2

CHAN(NOS ) 269 2740 2714 ava

TIME(MIN.) .

02 : 66 . b 6% .9 66 o b6 4
- ¥ r 66 .7 65 .9 b6 1 bh 4
402 66.7 65 . 9 66 2 b6 1
_ .02 66 .7 56 b6 2 6.5
d SR < I P 66.7 b7 . & &7 69 .3
10 02 66 .8 72.4 72 w42

g

12.02 67 83 .
d - 44 02 67 .
16 02 69 .

: 18.02 71 .

\ 20 02 74 .
22,02 77 .

114 2 92
106 .6 . 139 ¢ i18
129 .9 144 & 129
137.9 148 134 .3
148 159 1473 1
159 .5 166 151 .1
, 24 .02 B2 . 168 . 157 . 0
- 2602 8¢ . 174 159 7
28 .02 @ 179 .2 1624
36,02 107 . 182 . 163 8
2.02 117 185 1647
34 02 129 187 1646 3
3L 02 133 . 190 . 167 5
- 3. 02 144 19: . : A |
40.02 160 . 193, 177 Lr0.9

, 42 02 176 .3 195 . 179 .4 1732
;.v as 0z 185 197
- . AH 02 B e 199 . ¢

o~
gtV

NUIN= G0 NS
>
o
3
>

T w1
=
~
o

D

R
NP O
NS¢
[ s

> O 0

o~
(VRN IR st SR Ty ]
-
~
jvs)
D D

480 .3 1794

162 1

~N o
5T
[N
~N
5}
s

_ 43 02 1Re. 201 . % 184 _ 180
b 4% 35 202 205 189 & 17045

Q1. 3R 206.5 204 . 4 19% 19%5
53.32 210 ' 207 4 203 3 196 %

At 6% .33 209 .8 208 7 204 9 200 . 4
57,33 214 .2 207 b 203 f oy

59 42 209 .6 2046 9 200 % 200 &

A 61 IR 212 2064 .2 204 3% 179G @

RI0125 -]
o ; 1LL. A3l
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' ' 3M COMPANY

. DECEMRER 2%, 1982

T CHAMRCNYS RACHY 282 o973 204

i TlpE(MlN.)

2 &7 &7 67 b .9
- 02 267 &7 67 &H .9
a4 XYW &7 67 66, .8
602 Y 67 . 67 . Y-
g.02 67 67 . H7 . 67 3
10.02 67 . & 68 . L7 . 66 .
1. 68 . % 69 . 68 . vA'l
i4.02 69 74 . 70 7.
16.02 71 . 7%, 72 .4 7é
18.02 7% . g 76 i
20.02 80 . 87. 4, 8¢ .
Q2202 8& 25 ge .2 92,
24 02 26 10%. Q6.7 g8 .
26 02 167 117. 102 17 &
28.02 124 134 111 119

Iy S0.u2 161 . 164 128, 144 .9

i ' 32,02 ig” 185 . 134 173%. 8

I 34,02 o 205, 206. 148. 182 .4
36,02 - 250, 220 . 165 . 179 . ¢
Ix8.02 ) 2114 . 228 197. 183 .4
40 0. 244 . 234. 207. 186.2
42 215 . 244 . ¢ 209 . 20% .6

aa.
TS
- 4y

49
51,
53

85
57,
=59
61

(R R Rl Ry

V[N O

R oI ORI TR N
HRTroraY =G d

-
s

I Vs
Ui 0 0

[~}
e
AN 5 LI 7Y
RIS IR IS B o B s S B B

216 250 . 210. 2140
S 21%.7

215 268 235 .3 214
215. 240 . 6 22
224
25

268

1
b
i
258. 6 226 .2 210 .7
-]
7

274,
285 .4 a%i .5 241)

298 256 .4 243 .7
3ti. 9 269 .3 251 .1
289 . 327 .6 289 & 2573

3i&. 345 .2 300 @ 200 9
33% 3o4.8 319 . & 2719

20y

NLLL N O S o &
R A XF SRV R X XN
D NON N -

A L

=~
™
LR

‘ | o RI0125-1
| L A34
t




3 COMPANY

' ) DECEmMRER 4, 41982
.\' CHAN(NOS ) 277 276 279 . 200

TIME(MIN

o N ® b6 2 Y4 6t 9 (Y
202 : 70 .3 56 .8 Y &HE G
4 02 8% . 3 &7 .4 LE .9 O
, 6. 02 109 . 68 b6 .9 H&
. ) 8. .02 138 . 70.5 Y 57
10.02 17%. 7% &7 .3 &7
12.02 210. 81 . ¢ : He &7
. . i4 02 226 . 24 4 702 zn.
6.0 243 . i22.9 73 8 7A
18 g2 256 . 173 .6 78 3 ot
a0 .0 270 209 .3 82 .6 goe.
2200 28y, an9 .5 o] %1 ’
249 02 308 . 208 4 109 2 00 .4 i

4

]

@ Gl o W
N PN s 6

[N e

2602 340 214 . ipa fus
28,02 3063 212.2 141 4 147
30.02 422 4 213 4 167 4 1209
A 3202 462 . 6 2148 189 144 9
34 07 500 .7 2207 206 166 1

36 b 535 229 Pi1i.4

b 38, 00 56% .8 234 & 225 4 RIS
. 40 02 596 .1 241 .5 oy 7 P13 g
42 02 626 4 2543 22¢ . 4 pap

8

44 .02 653 . ¢ 262 .3 233 .4 ARG

» = 46 .02 680 a2va .8 24§ .8 S T
) ~ T 1 (s 706 .2 a78 3 2%a 9 A NS

a9 3y 7242 31205 262 4 T YA

N1, A2 74% 4 340 4 279 % G584

53X 768 . 3686 3 PR
it 5% 33 792 4019 204 2486 14
& r
5

12e v

5 33 814 7 437 . K 3up v
S% A 836 .6 474 3619 319 3
IXIRY: 6584 519 @ 302 - azy o

R10125-)
ILL. A33




\

- IM COMPANY
. DECEMBER 21, 1982

Coarorgy . ) ’ Lo
| Tims (MIN. 5

- A 649 . 3
N (¥ 915 . 4
4.0 . 1325 .2
6.02 ~ 1419 .
8.02 1586 .
10.02 1633,
y 12.02 1632
| : 1402 1668
- 16.02 1634 &
18.02 1616 3
20.02 1648 7
a2.02 1650 .2
n4 g2 1659 .5
26,08 16633
28 .02 168 2
30.02 16506
IR 92 16327
24 02 1586 . 2
36.02 . 1588 .3
38,02 1589 .2
40 .02 {bir. 4
4202 1627 .2
44 02 1653 . 4

46 .02 1677
i AH 0 1697 .
‘ 49 3% 1690 .
G132 . 1744 .
. 53,22 1732.
6y 33 ‘ 17414 .
‘ $7.33 1743 .
N GO A 1749 .
1. 32 175

>

LEHOoT

RN SECEANNEN T

RIOI25 -|
ILL. A36
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3M COMPany
PECEMBER 21, 1988

CHANCNOS . 285 286 2897 2643

TIMEC(MIN, )
02 * 6%. 5 6.9 &G v
202 : 6% . & 149 . R S
4 2 65 .9 147 ; 8o L
6.02 74.6 174 09
3.0 97.9 186 . 1485 1332
10,02 i40 196 . 140 ¢
12 .0z 204, 214 140 1629
14,02 206 . 221 . 176 .8 204 .
16,007 200 . 232 190 . 8 AN
18. 02 204 239 209 w2 204
2002 207 247 . 249 . P38
A2 02 208 . 263. PR 4 25 .4
24 0P 209 2689 236 4 Pe7

~.

H 3 2
™

.

=N

il
O
T
N
(e

-~
e
REIRR
o

£.3
= L Y

~
-~ -
It =
g N
M 3
as s
P& AW

:u\1

HY]
.
N

ST Py AN DY L

0 O
s N as Je2)
SIS CORT

DN -

260 207 3332 2ay PRS 4
; 28, 0P 205 . 400, 2700 316
y 0.0 205 . 466 292 6 IRE 4
: 32.02 204, 543, 2 3234 94 P

34.02 204 .
36,02 207 .
38.02 200 .
40 02 204 .
42.02 207.

-
o
@

-

o

~

~

-

-

L 5

-
‘\- 44 02 210,
. 46.02 211 .
- 4.2 211 .

. -

-

-

-

o

o

-

@

-

..

540 2 306 4 433 4
554 .8 3v2 .4 B DRI
57% .9 420 . 4 494 4
hyo 453 3 S
605 .8 484 & R0
637 .2 Hia4 ¢ 5770
66 . 4 546 Hi4a 3
688 . 4 574
698 . 5 597 .
51 .32 211 . 714 . 4 624 .
53.32 2114 727 .9 L R
LS. 33 210 7325 637
57.33 208 . 740 & 7127
5932 206 79% .2 744 "%
&1 3w _ 207 . 778 .4 774 €

49 3% 211,

LWOCTO OO GO MR WNo
TS NN

a2

NG

RSN
.

0§

e23

Wi O >
Qo
~3
Ra I
2

] | R10125-)
- - ' ILL. A35




| A 3IM COMPANY
‘ o DECEMBER 21, 1982

CHAN (NOS ) 293 294

TIME(MIN )

02 ¢ 756 .6 868 .73
a.0n ¢ 995 .4 idet . 2

4.02 1453 1444 4

_ &.02 1393, 1543.2

. ©one 18¢y . i617

16.02 1626 . 1627 &
12,02 1618. 1639
. 14.02 15631, 1664 .2
: ' 16 .09 1587 1670 .6
18 02 16423 . 1653 &
20,00 1634 16567
2200 1660 1679 . 4
2

Q@ > P22 O N o

"4 00 16%0 . 166373
26 .0 1654, 1676 2
1 2800 1643, 1686 .8
¥ : 30,02 1629 1652
2 : 00 1604, Anl9 5

a oo 1566 1562 .5
S U 1972, 1587 .2

33 00 193,
4002 1618,
42 02 1641 .
a4 g2 1662
46 02 1675 .
48 02 1697 .
a9 3% 1697
5130 1740,
53 3 1732
853 1741 .
VY {741,

1606 . €&
1674 4
1688

1684 . 7
1680 .6
1693

1622 ¢
1701 3
1720 0%
1743
1767 4

RO DD DT AT OO NG

by 32 175 178% #
AR R 1762 1864 2

R10125-{
ILL. A37




' R10125-2 | Page Bl Issued: 10-19-83

. LOCATION OF THERMOCOUPLES:

The temperatures on the cables, cable tray, steel conduits,
. steel junction box and within the electrical circuit protective
systems on the exposed side of Test Assembly No. 2 were measured
by 129 thermocouples located as shown in ILLS. Bl through BS.
The temperatures of the furnace chamber in the "U" of System
Nos. 1 and 2 were measured by two thermocouples placed 12 in.
- from the bottom surface of the floor at the center of each
system, as shown in ILL. B1. :

.

TEMPERATURES OF THE ASSEMBLY:

The temperatures on the cables, cable tray, steel conduit,
steel junction box and within the electrical circuit protective
systems on the exposed side of Test Assembly No. 2 are shown on
the tables in ILLS. B6 through B39. The temperatures of the
. furnace chamber measured in the "U" of System Nos. 1 and 2 are
‘ shown on the table in ILL. B40.
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2/C-16 AWG

7/C-12 AWG

1/C -300 MCM
"-\o—zo a2l 25
2

3,4,17 /

1,812,24,28

N 5,16,19

4,6,7,10,11,15,18,23, 26,27,30

CABLE AND CABLE TRAY THERMOCOUPLES-
SYSTEM NO. |

RI0OI25-2
ILL. B2
B




1-NOM. 424" OPEN-LADDER STL. CABLE TRAY "W/MINIMUM CABLE FILL.
2-NOM. 5”¢ RIGID STL.CONDUIT Y/ MINIMUM CABLE FILL.

3-12'% 12" &" STL. JUNCTION BOX "/NOM. 2"¢ RIGID STL. CONDUIT
WMINIMUM CABLE FILL.

 NORTH .
® ®@
F o 3' NOS.1-404 9 NOS.81-120
i 'lz|-|4z | |
: | I ]
I I | {
: ° : 186, ° ;0' 187
| | | |
| | |
R
| i
O
ey ®
i
@ FEoommm——————g
le—e—eod  NOS.159-185

(TC. NOS. 186 &187 LOCATED 12°BELOW FLOOR IN"U OF SYSTEM )

THgEBMQQQUPL-L LOCATIONS RI0125-2
ILL. BI




101,102,103,104,107,
,109,112,113, 116,
117,118,119,120

106, 11,115
105,110,114

CONDUIT, CABLE AND
PROTECTIVE SYSTEM THERMOCOUPLES-
~ SYSTEM NO.2

R10125-2
ILL. B4
¢




—138

T PR I ) e
A A R TP ‘1 . v
a2 1 122490 121
31
14} -ﬂ
140 a
W 124 b- 123
139 Hal 126
sen_ 128 37
i38 1
N\t
1 — 32
A 25
A N LR
137 34 127 33
"rlf ‘F’
37 4—'39-142 :
\ 122,124,126,128,130,132,134, 136

13T 121,123,125,127, 129,131,133, 135

A-IN AR INSIDE MAT WRAP APPROX.%”ABO
o ~IN AIR BETWEEN MAT WRAP & COMPOSITE
o - BETWEEN COMPOSITE SHEET & UNISTRUT
® -ON UNISTRUT ® TRAPEZE SUPPORT

VE CABLES
HEET
FRAMING

PROTECTIVE SYSTEM THERMOCOUPLES-

SYSTEM NO. |

R10125-2
L. B3




11 COMPANY

. - MARCH 3, 1983

i CHAN(NOS .) 1 2 4 5
4 © TIME(MIN.) ‘
A 2 69 .2 69.7 9.2 9.6
4 * 69.5 70 69 .5 69.9
6 2 70.4 71.4 70.6 70.9
8 72.3 74.3 72.5 72.14
10 75.4 79.3 75.4 74 .3
12 79.3 86.2 79.4 77 .4
14 83.8 92.5 83.9 80.1
16 | 88.6 99 868.9 84
18 93.8 104.8 94 86 .4
20 98.9 109.2 99 .14 94.9
22 104 144.4 104.2 95.8
24 110 120 .8 110.1 100.8
26 116.5 124.7 116 105.2
28 122.9 134.6 124 118.2
30 130.6 142.3 128.4 127 .4
o 32 144 .4 154 .4 157.2 138.6
e 34 154 .7 162.9 169.3 148.9
B 36 167.6 172.9, 186 .7 161.3
38 180.6 185.5 2106.2 178.%
40 1914 200.4 243 204 .2
42 209.2 218.3 267.5 229.5
44 236.3 238.8 282.8 247.2
46 261.2 259 .4 303.4 262 .6
48 285 .2 279 323.7 278.9
S0 314.4 298.2 345.6 291 .8
82 339 .4 317.4 367.3 308
sS4 : 355 .8 335.5 3187.4 325.3
S6 373.3 351 .6 407 342 .3
58 387.9 368.6 423 .6 364.4
2 383.6 441 . 4 384.7

60 403.

RI10125-2
Rosy




. Uk, i3 159,160
sc.wj x Cv)
: v G
i =

PPN

st o

o

d

66,168,170 (CONDUIT)

160 167,172 169,173 171,174
TAAAE { I ' ' . : K ‘,?;’..’T - -
F":.- } : . '."t..o .. < -‘-V.l“: “.'r
1 — - .
: e — 3
| M. 119 168 18081 g0 170 183,184 g5
I [}
A% 159 66
172,073,174
JUNCTION BOX | (N AIR)
JHERMOCOUPLES
f e
" 21" g’ 167,169, 171
: { 165 160 (2/C-16 AWG) (CONDUYT)
1634 162
sies b o 176,178,
w7 e
S10%_view 12Awe)

27

W/

i

S e o g e«
a2
JC.NO. ___LOCATION -
¥59,160  ON CONDUIT |\* FROM JUNCTION BOX “/IN ENCLOSURE
161 ON BOTTOM CENTER OF JUNCTION BOX
162 ON SIDE OF JUNCTION BOX @ CENTER
163 ON END OF JUNCTION BOX € CENTER
164 iNSIDE JUNC'ION BOX,IN AIR, 1“ABOVE BOTIOM OF BOX
165 INSIDE JUNCIION BOX, IN AR, I"BELOW TOP OF BOX
COND 'Y CABLF "NCTION BO: AND AIR .. . :L{OUPLES-
| SYSTEM NC. 3
| RI0125-2

iLL. BS




‘ , 34 COMPANY
B MARCH 3, 1983

CHAN(NOS .) 10 11 12 13

TIME(MIN.)

2 . 69.3 69.14 68. 4 68.8
4 69 .4 69.5 68.6 68.8
6 , © 89.6 70.9 69 .4 69. 4
8 70 .4 73 70 .8 69.9
10 74 .4 74.5 72.7 71.3
12 72.2 , 77.5 75 73 .4
14 73.4 79.6 77.3 75.9
16 75.3 81.9 79.7 78.9
18 76 .6 83.9 82.1 81.9
20 78.4 86.5 84.1 85.1
22 80.4 90 .4 86.3 88.4
24 82.8 93.3 88.7- 91.7
26 ‘ 85.5 97 94 .8 95.3
28 88.7 101 .4 96 .4 99 . 4
30 92.8 108.1 102.3 104.8
32 107.4 120.4 119.5 118.3

34 119.8 131. 4 127 .4 136.5
36 132.9 107 4 133.4 156.3

- 38 146 .9 : 140.7 172.7
40 162 i. 154.9 185.7
42 170 .4 205 169.5 193.2
44 176.5 228 186 .9 204.5

‘ 46 180.4 252.7 208.4 225.2
48 183 .4 276.8 g 258.2

S0 188.7 291.6 290.6
52 188.9 309.8 322.6
54 189 .9 328.7 3. 354.9
56 209.2 348.9 326 - 380.5
58 264 .5 370 343.7 :07.3
60 - 277.9 394.9 363.9 431.8

R10125-2
ILLL B8

4




N
2M COMPANY
' MARCH 3, 1983
- - CHAN(NOS .) 6 7 8 9
TIME(MIN:
- 2 : 69.4 69.3 69.3 69 .4
C 4 9.5 69.5 69 .4 69 .6
6 : 9.9 69.9 70 70.3
- 8 70.9 70.7 74 71 .6
) 10 72.3 72.2 72 .4 73.6
12 74 .6 74 74.3 76.4
N~ 14 77.2 76.3 76.6 79.7
16 80.3 78.9 79.2 83.3
.48 83.5 81.7 82 87.4
- 20 86.9 8S 8% .1 91 .7
22 90.6 88.5 88 .6 96.7
24 95.2 92.3 92.8 102.2
- 26 100.8 98.8 97.8 107 .7
' 28 107.8 104.6 103. 6 113.5
30 117.3 110 110 .4 120.9
- 32 140 .1 129 .6 128.6 135 .1
34 154 .6 144 4 139 .1 146 .7
36 162 152 .7 150.6 158. 1
- 38 172 .4 163 .8 160 .8 170
40 183 .2 175 3 169.9 183.2
. 42 203.5 189 178.5 199 .3
: - 44 231 .4 206.2 187 . & 2264
‘ 46 268 .2 229.8 202.7 250.3
48 296 4 258. 4 227 27%.2
s - 50 322.2 276 . 4 254.5 299 .9
52 354 .2 294 .9 280.5 328.9
. 54 381.5 316.4 305.5 359
- 56 412.9 343 2 330.3 390. 4
58 443 370.2 354 .4 420 .8
60 468 .4 403 .6 380 446 .5
R10125-2

ILL. B7




" - 'ZM COMPANY
B T MARCH 3, 1983

: CHAN(NOS.) 18 19 20 24
S TIME(MIN.)
5 2 . . &8 68 .1 67.9 67.9
4 . 8.3 68.3 68 67.9 :
- 6 69 69 .2 68.7 68.2 -
8 70.8 70.5 69.5 68.7
10 72. 6 72.2 70.6 69.8
- 2 74.9 73.6 74.7 74.2
14 77.3 75.4 73.4 72.7
| 16 80.1 76.9 75.4 74.6
- .18 - 82 .4 78.5 77.7 77.7
B ‘20 - 83.3 80.2 79.3 79.7
_ 22 . 85.8 82.1 80.8 g2.2 .
o 24 - 89 .4 8s 82.7 84.7
: 26 917 86.6 86.14 87.7
T 28 95.9 90.5 92.5 g2.2
L 30 103.6 96 .4 102.6 100.9
o 32 109.8 110.2 117.6 111.4
i 34 | 110 .6 116.5 130 126 .14
o 36 - 127.4 125.%6 142. 4 143.14
. 38 134.9 134 155 .1 156.8
: 40 | 132.7 132.6 170 171.8
> 42 438 146 .4 185.6 187.6
' Y 147.2 155.3 193.5 199 .1
. S TN 155.9 165 233.5 208
g 48 179.3 174.6 247.9 215. 1
. 50 198.3 185. 4 264.4 228.5
| s2 209.5 196.4 276.2 240
- S4. 218 241.5 286.6 251.4
: 56 228.6 218.6 295.14 261.3
58 241.3 234.4 304.7 273.14
- 60 - 2%6 247.5 315.4 285.7
| , iLL. BIO

*




S .
- ~ 3M COMPANY
' ' MARCH 3, 1983
¥ - CHAN(NOS . ) 14 15 16 17
TIME (MIN.®
- 2 : 68.7 68.7 68. 4 68.5
4 | 68.8 68.9 68.6 68.8
6 69.2 69.9 69 .4 69.3
~ .8 70 71 .5 70 70
. 10 71.3 73.7 74.2 74.3
12 72.9 76.1 72.7 72.2
~ 14 76.6 78.7 74.4 73.6
* 16 77.8 81i.4 76. 4 75. 4
18 81.3 84.7 79 75 .9
- 20 80.3 87.5 81.7 77.9
22 84 90 .6 84 80 .14
24 86.3 94.3 86.7 80 .1
- 26 89.8 98 . 4 89 82.6
28 92.2 101.4 93 .4 85.9
30 98.7 108 97.7 90.2
-~ 32 118.2 128.7 125.3 98.8
34 123.8 141 4 143.7 106.6
36 132.3 157.4 162.6 147.7
~ - 38 147 .3 170. 1 183 .3 124.6
40 - 168 187 .4 198.5 132.3
| 42 168.8 213.3 222. 4 143.7
. 44 179.5 240.8 244 152
| 46 186.3 273 265 .5 160.5
- - 48 ©188.5S 306.3 289 .9 172.7
™ 50 199.8 338 310.6 185.9
. s2 208 2 367 326 .4 194. 6
54 259 1 394 3 342.3 199
-~ S6 292.9 a48.2 366 . 4 2014
| 58  313.8 439 .2 389. 1 201.9
&0 332.4 463 6 413.9 203.7
RIO125-2

IiLL. B9




L b (L e TV

| o 34 COMPANY N
_ MARCH 3, 1983

o CHAN(NOS .) 26 27 28 29
B TIME(MIN.)
B 2 . 68.5 68.8 8.3 68.4
4 . 68.7 69 68 .4 70.7 .
6 ' 48.9 69.8 69.3 75.9 .
8 69.5 74.3 74.8 83.7 :
10 70.6 73.7 76.2 92.4
12 72.7 77.4 g82.2 102 .4
g 14, 75.8 82.6 90.1 111.6
: 16 80 - 89.5 100. 4 124 .3
18 84.3 99 .4 116.7 136
20 89.3 113.2 132. 4 144 .9
22 95 .7 125.3 140. 1 150. 6
24 104.2 1337 143 .4 153.9
26 115.7 138.6 142.8 157.3
: 28 126.3 136.5 138.4 163.7
. 30 134 .4 137.2 136.8 174. 4
5 - ¥ 146 .4 150.2 151.2 206.8
34 153 .6 157.7 159 233.8
36 161 .8 169. ¢ 168.4 242.2
38 167.8 180'.7 177.4 253.5
. 40 A 175.3 194.4 187.9 268. 4
' 42 180 .4 2134 202.6 281.6
44 184 .2 237.5 225 .2 295 .8
. Fr 192.6 262.3 254 .7 312.5
. 48 207.3 282.9 272.6 328.6
S0 223 .6 . 305.1 290.9 343.7
52 253.5 3274 313.4 359 .4
5S4 274.3 350.3 334.5 374.2
S6 293.5 374 .4 352.7 387.3
58 314.4 399.7 374 .4 398 .1
60 336.5 427 .6 389.4 408.4
ol . R10125-2

ILL. BI2




e 3M COMPANY
MARCH 3, 1983
-  CHAN(NOS .) 22 23 24 25
TIME(MIN.) ,
- 2 : 67.7 68. 4 68.6 68.6 .
4 67.9 68.4 68.8 68.7 .
6 68.6 68.6 69.2 69
L.~ 8 69. 6 69 70 69 .8
10 71.2 69.9 71.5 74.4
| 12 73 74 .1 73. 4 73.6
L~ 14 74.8 72.8 76 .4 76.5
- 16 78.3 75.1 79.2 80.3
18 81.8 77.8 82.8 84.8
- 20 . 83.7 80.8 86.9 90.2
. 22 85.3 83.6 92. 1 97. 14
24 87 87 .2 98.9 106 .1
- 2¢ 89.4 92.5 107.3 117. 4
28 95. 4 99. 6 118.4 127.3
30 110.7 108.5 128.3 134
- 32 134.6 4243 143.8 146.5
34 147 6 131.3 152. 9 157 . 6
. 36 159.5 141 4 161.3 168. 6
- 33 168.7 154 .3 168.8 178.7
40 180 7 155.3 174 3 184.9
42 194 .4 168.4 180.2 189. 8
: - 44 207 .6 177.3 184.8 193.9
‘ . 46 256.3 183.9 190.1 1986.1
4 aQ 294 .9 188.8 198 . 1 210.9
| - 50 317.6 192.8 212.4 229 .5
5% 324.3 1¢4 5 234.2 257. 6
P 348 .4 196.7 263.8 291 .1
- X 361 .4 197.9 291 .5 322.8
e 372 9 199 9 316. 6 351.9 -
6U 304 5 214 5 339.3 378.8
RIOI25-2

ILL. B




CHAN(NGS .)

P68,

34

68.
68.

69 .
70.
72.
73.
75.
78.
80.
82.
8s.
88.
90.
94.
114,
149.
131.
149 .
i82.
210.
238
269 .
303.
336 .
364 .
390 .
413 .
448 .
480 .

HOWOVCOr DY OO NIWN

HNOC WO |

BVNOODOVIN S

- 3M COMPANY

MARCH 3, 1983

35

68.
68.
69.
69.
71.
73.
76.
81.
8s.
92

£00 .

110

120

129

135.
146 .
154,
162.
169.
177.
181.
186.

192

[~

N+ OHHIRIOD

IR

240.
258.
272.
297.

326

GO

AOVLHRUVGNY N N

36

X
o
Ul NP0

NN ONDDUCDE oUW G

utr

37

76.1
97.14
119.
142
159.
174.
185
192.
197.
203.
207.
220.
237.
265.
310.
383 .
436 .
490.
S38.
S91.
646 .
696.
746.
773.
803.
832.
860.
887.
913.
n38.

RIOI25-2
ILL, Bl4
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PN T

g IM_COMPANY
. MARCR 3, 1983

~ CHAN(NOS .) 30 34 32 33
TIME(MIN ®) |
- 2 : 68.9 69.2 69.6 69.2 '
4 ' 69 .2 69 . 6 69 .6 69 .4
'S 70.6 71.2 9.8 70. 4
- - 8 73.4 74.8 70.4 74 .4
- 10 77.8 80 71 .4 ?722.6
12 83.4 86 73.2 74 3
- 14 91 .6 92.3 75.4 76.4
* ) 101.9 98 .4 78.3 78 .1
18 120.5 103.9 81.7 80 .4
- 20 134.2 109 .4 85.3 82.2
: 22 140 .8 114 .7 89.4 B4.6
- 24 145 .2 120.9 97.9 87.2
- 26 144 .8 125.7 114.9 90.2
28 141 .9 132. 4 113.8 93.9
30 141 139.9 142 98.7 .
- - ¢ 159 .4 163.9 138 112.2
34 169 179 .3 146 .4 124
36 179 .4 198.2 157 133
- - 38 194 220.9 168 .14 148.9
40 243 .9 ‘ 246 .3 186.4 167 .4
42 240.2 274 .9 198.8 186.2
- 44 265 .6 295 .4 209 .9 204.3
46 28% .3 313.5 222 . 6 225.2
48 305.2 331.9 243.3 248 . %
-~ S0 324.7 354 .4 257.7 268 .4
52 347 368 275 .8 29S.2
54 368.2 383.8 3063.2 324.7
- 56 387.4 401.8 329 355 .4
. 58 405.7 399.9 360 383 .9
60 425 434 S 400.9 409 .3
RI10O125-2

ILL. B13




. o M COMPANY
. MARCH 3, 1983
CHANC(NOS .) 81
TIME(MIN.)
2 . 70.9
4 . , 80.3 .
6 : 120 .4 .
8 : 105.2 :
N, 40 114.7
| o i2 ' 117.3 .
| 2 44 137.8
B 16 164 .14
18 170 .4
20 176 .6
22 : 189.2
24 207.3
26 214 .4
28 213 .4
30 224 .4
32 239 .5
34 214
T 36 . 286 .8
38 300.4
40 315
. 42 328.14
44 . 340.14
48 : 364.3
' S0 376.8
s2 389.4
S4 ’ : 401.7
56 413.8
58 425 .7
60 ' 437 .7

. R10125-2

ILL,Ble




CHAN(NDS .)

TIME (MIN =)
2 )
4

6

8

10

12

14

16

18

20

22

24
26
28
30
32
34
36
.38
40
42
a4
46

C. 48

S0
52
S4
Sé
S8
60

38

76.6
92.7
109.
i26.
139.
152,
165.
173.
ig2.
188
196.
210
261 .
3614 .
447 .
4514 .

. 543.

589
623.
67%.
714.
756 .
788.

817

848 .
872.
896 .
923,
946 .
?68.

[ RN VLR ) N0 S [* ] COVIND

o= g b

39

81.6
112
1S59.
192.
212
223.
197.
215.
196.
i8%.
192.
229.
299.
420 .
528
419.
5314 .
598 .
6446
694 .
734.
767.
798
8aé .
854.
883.
?09.
934 .
958
981 .

IM COMPANY
MARCH 3,

WUl NUINNUWu» OO bW

g Ut

NGO WY >

1983

40

77.8

96.7

119.
140 .
160
174
i85.
193.
199.
206.
2is.
226.
246 .
275.
320
403 .
464 .
519.
564 .
617.
664.
703.
740 .
769 .
797 .
824.
850 .
878.
902.
927.

N RGN E

GIVOLINNP,OONDUIONCRN

RI10V25-2
ILL. BI5S



T

3M COMPANY
MARCH 3, 1983

L
i
s ‘ .

; CHAN(NOS .) 86 87 88 89
E TIME(MIN.)
i 2 81.6 74 74.8 72.2
3 4 = 93.4 82.7 77.2 74.5
& T 104.4 89 82.2 79.7 :
5 - 8 122.1 106.6 93.4 86.1 -
1 t0 140 120.6 98.8 92.8
: 12 163 .4 135.6 110 104 .4
z 14 - 184.9 150.2 123.8 116
16 209.5 154.2 141 .8 128. 4
18 235.2 170.4 161.9 148 .4
- 20 258.2 185.2 180 .4 168. 4
a2 _ 273 200.4 196 186.2
24 g 309.9 215.5 209.5 207.9
26 3441.9 308.7 240.2 2i1.6
28 362 324.5 262.9 219.7
30 379.2 338.3 283.9 248.5
32 394.6 364.7 302.14 280.7
- 34 ' 409.8 383 319.7 312. 4
36 423 .2 399.3 333.6 337.9
38 436.7 413.d 351.2 358.4
40 - 452 .4 428 374.2 377.4
42 467.5 444.9 388 396 .2
_ 44 484 .6 459 .9 404.5 412 .6
46 495.3 476 .7 420 428 .5
48 509 .14 4846 .8 436.8 447.7
50 522.8 494 .2 453.3 466.5
52, - 536.9 508.9 474.7 485.8
54 550.9 523.9 493.2 505. 4
56 565 .4 538.9 513.7 . 524. 4
s8 580.56 552.2 §35.6 543.8
8 554.2 563. 4

b0 595 Shéb .

.‘ L RI0125-2

ILL. BI8

¢




g ~ ’ _ 3M COMPANY
. : MARCH 3, 1983
- CHAN(NOS ) 82 83 84 85
TIME(MIN.D i
- 2 : 70 70.3 70 20.7 :
4 72.2 73.1 74.8 73 °
6 79.S 78.5 86.7 85.9
~ B 93.7 82.5 92 94 .6
10 105 .4 89.9 97 .4 94.7
12 115.4 98 104.3 111.4
~ 14 127.4 106 112.5 129.2
16 141.7 114.7 125.2 155.9
i8 - 148.7 123 142 .4 164
- 20 162 137.7 162.3 180.7
a2 177 .6 158.9 185.8 195.8
o 24 194 .6 i8s 7 209.2 213.2
- 26 212 i92 209.6 216.8
28 214 .8 20S.4 209.3 280.3
30 245.9 220 249.2 308.14
~ 32 252.9 255.6 272.9 331.2
34 273.3 272.3 293.2 352.5
38 285 .4 289 .3 313 7 374.4
- 38 295.6 306.8 333.8 396.5
40 306 8 325 9 354.2 418. 4
42 319.9 346.4 374. 6 441 . 1
- 44 334 367.2 394.3 462 . 6
' © 46 347.6 387.9 413 .4 483.7
_ 48 360 408 .5 432.7 503.8
- 50 374.5 428.8 452.2 523.4
52 383 2 449 .S 474 .9 543.8
54 394 .8 469 .9 491 .2 565.9
-~ 5& 4065 489 .9 510 587 .8
56 418 .4 510 529 606 .9
60 429 .3 530 547 .7 624. 3
e
| -

‘ | | . RIOI125-2

- ILL. BI7
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3M COMPANY
MARCH 3, 1983
CHAN(NOS . ) 94 95 - 96 97
TIME(MIN.)
2 84.6 101.9 134.5 198.2
4 *418.8 162.6 220.7 234.3
6 1195 200 .9 373.2 344
8. 204 197 .5 477.5 432.6
10 203.9 196.1 571 .4 502.7
12 204.8 197.5 651 .7 563.7
14 209.2 197.9 719.9 590.7
16 233.8 196 788 .6 627.3
18 278.7 196.3 831.6 667 .6
20 334.4 286.8 847 .3 701.7
22 383.8 329.5 870 737 .2
24 420.5 354.7 907.4 7680 . 6
26 463.9 368.9 942.9 817.5
28 - 493.3 405.4 987.5 844.9
30 524 454 .5 1032. 4 865.3
32 $46. 4 502. 4 1063. 6 885 .6
34 576 .4 547 .1 1089 .2 898.8
36 603 585 .9 1419. 6 912.4
38 627.3 618.2 1147.14 933
40 651 .6 646.9 1472.3 965 . 4
| 42 ‘ 676 .6 675. 6 1192.5 986 .8
44 704.9 704.5 1240.2 1002.56
. 46 734 734 .2 1225 . 6 1019 .3
ag 767 .4 765.5 1232.9 1041 .8
S0 813.8 802.1 1240 .6 1077.7
- 52 | 885 .7 853. 4 1266.8 1147
54 990.6 924.5 1294 .4 1237.2
56 1109.4 1046.3 1312. S 1292.9
58 1199.4 1105 .6 1347.2 1307.7
8 1308. 4

60 1246.4 1171 .2 1316 .

"I’, : | | RIO125-2

ILL. B20
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