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G E NE RA L
The subject of this Report is the fire test investigation ofelectrical circuit protective systems installed beneath floorassemblies. The object of this investigation was to establish anhourly fire rating for the electrical circuit Protective systemsdescribed in this Report.

The test program consisted of constructing two floorassemblies with various electrical circuit protective systems.The floor assemblies were subjected to fire exposure and hosestream tests in accordance with an American Nuclear Insurers(ANI) Standard entitled "ANI/MAERP Standard Fire Endurance TestMethod To Qualify A Protective Envelope For Class 1E ElectricalCircuits". The fire exposure and hose stream tests for TestAssembly Nos. 1 and 2 were conducted on December 21,.1982 andMarch 3, 1983, respectively.

The electrical circuit protective systems described hereinare: (1) steel cable trays with various types and sizes ofelectrical cables wrapped in an intumnescent mat material andsurrounded by an intumescent sheet material enclosure on a steelframework; (2) electrical cable air drops wrapped with layers ofan intumescent mat material; (3) rigid steel conduits containingvarou tyesand sizes of electrical cables wrapped with layersof an intumescent mat material, and (4) rigid steel conduitscontaining various types and sizes of electrical cables wrappedin an intumescent mat material and surrounded on three sides byan intumescent sheet material enclosure with the fourth side ofthe enclosure comprised of a concrete or masonry wall or aconcrete floor.

The submitter's goal was to demonstrate that the electricalcircuit protective systems would afford protection to theelectrical circuits during a standardized fire exposure of 1 hduration followed by a standardized water hose stream test.Detailed summaries of each of the I h rated electrical circuitprotective systems being promulgated from this investigationappear at the end of this Report.
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A total of ten electrical circuit protective systems wereincluded in the first test assembly described herein. Of the tenelectrical circuit protective systems tested in the first testassembly, only four systems are being considered for
Classification purposes. The remaining six systems were includedto develop supplemental heat transfer, physical fire performanceand circuit integrity data of a preliminary nature for possiblefuture 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, areincluded herein.

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

The fire endurance and hose stream tests were supplementedwith other tests and examinations which provided additionalinformation relative to the physical and chemical properties ofthe materials used in the electrical circuit protective systemsfor future use in Follow-Up Service Inspection programs.
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D E S C R I P T 1 0 N

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 fiveseparate steel-reinforced vermiculite concrete slabs., Two of theslabs measured 5 ft, 2 in. by 13 ft, 8 in. by 8 in. thick. Theremaining 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 inSystem No. 1 and 4 -ea-ch consisted of a five-sided box and acover. The five-sided boxes measured 12 by 12 by 6 in. high andwere formed of 0.077 in. thick (No. 14 gauge) painted steel. Theboxes were each provided with two 11 in. long by 1-3/4 in. wideby 0.101 in. thick (No. 12 gauge) painted steel mounting plateswhich projected 3/4 in. beyond two opposing sides df the box.S 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 andwas formed of 0.082 in. thick (No. 13 gauge) painted steel. Theinterior of the cover was provided with a 3/4 in. wide by3/16 in. thick neoprene rubber gasket around the entireperimeter. The cover was provided with a nominal 1/4 in.diameter hole at each corner for screw-attachment to the junctionbox.

Cable Tray System - The 12 in. wide open-ladder cable tray,used in System No. 1-consisted of channel-shaped siderails andhat-shaped rungs. The siderails were 6 in. deep and were formedof 0.082 in. thick (No. 14 gauge) galvanized steel. The top andbottom flanges of the siderail. were 3/4 in. wide. The hat-shapedrungs 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 weldedto the web and flange of the siderails at each end. The loadingdepth 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.



R10 125-1 ,-2 Pg Issued: 10-19-83

The 12 in. wide 900 inside riser elbows used in the cable.tray system each had an inside radius of 24 in., an outsideradius of 30 in. and a tangent length of 32 in. The siderailmembers for each elbow were channel-shaped in cross-section witha web-height of 6 in., a top flange width of 3/4 in. and a bottomwidth of 5/8 in. The siderail members were formed of 0.082 in.thick (No. 14 gauge) galvanized steel. The elbows were providedwith the same hat-shaped rungs used in the cable trays. Therungs were spaced nominally 9 in. OC and were welded to the weband bottom flange of the siderails, of each end.

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

TraezeSuport- The trapeze support used near the centerof th hoiona run of the cable tray in System No. 1 consistedof a "U"-shaped welded assembly formed from No. 12 gaugeType P1000 Unistrut channels.

Steel Conduit Systems - The nominal 5 in. diameter rigidsteel conduits used in System Nos. 2 and 3 were 5.576 in. indiameter with a wall thickness of 0.228 in. Each conduit system.consisted of two 30 in. radius 900 elbows with threaded ends, twostraight lengths each having one threaded end, three threadedsteel couplings and two set-screw bushings.

The nominal 2 in. diameter rigid steel conduit used inSystem No. 4 had an outside diameter of 2.375 in. and a wallthickness of 0.142 in. The conduit system consisted of two12 in. radius 900 elbows, two straight lengths, one set-screwconnector, three set-screw couplings, two lock nuts and twobushings.

Cables - Three cable types were used in each electrical.circuit lprotective system. The cable types used weresingle-conductor 300 MCM power cables, seven-conductor No. 12 AWGcontrol cables and two-conductor No. 16 AWG control cables.

The single-conductor 300 MCM power cables consisted ofthirty-seven 0.090 in. diameter copper strands. The conductorinsulation was cross-linked polyethylene (XLPE). The oqablejacket was polyvinyl chloride (PVC). The outside diameter of thecable was 0.890 in. No marking was present on the cable jacket.

Page 2
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Each strand of the seven-conductor No. 12 AWG cableconsisted~of a 0.079 in. diameter copper strand with XLPEinsulation. The outside diameter of each conductor was 0.140 in.The seven conductors were covered with a mylar wrap and the cablejacket was PVC. The outside diameter of the cable was 0.557 in.No marking was present on the cable jacket.

F Each conductor of the two-conductor No.. 16 AWG cableconsisted of a 0.051 in. diameter copper strand with XLPEinsulation. 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. Theoutside diameter of the cable was 0.312 in. No marking waspresent on the cable. jacket.

Steel Framing - The steel framing around the junction boxand cabl tray of-System No. .1 consisted of No. 14 gaugeTypes A1000 and A3300 Unistrut channels and Types A1065, A2223and modified A2227 Unistrut fittings. The Type A3300 Unistrutchannels forming the top and bottom "U"-shaped members at thecorners of the longitudinal steel framing around the cable traywere each preassembled and welded prior to installation. Theenclosures were assembled using 3/8 in. diameter by 31/4 in. longhex head cap screws in conjunction with Type A3008 Unistrut nuts.
.Intumescent Sheets - The foil-faced, sheet-metal backedintumescent elasto-me-ric material sheets used to protect thejunction boxes in System Nos. 1 and 4 and used at the interfaceof each electrical circuit protective system with the undersideof the floor, were supplied in nominal 36 in. by 36 in. by1/4 in. thick sheets. The sheets, manufactured by MinnesotaMining and Manufacturing Co. and designated "Type CS-195", willbe Classified as "Electrical Circuit Protective Material" in theBuilding Materials Directory under the Follow-Up Service ofUnderwriters Laboratories Inc.

.Threaded Rods - The threaded rods, used to support the steeljunction boxes and the intumnescent sheets at the floor/protectiveenvelope interface, were nominal 3/8 in. diameter by 12 in. longzinc-plated threaded steel rods.

Page 3



R10125-10,-2 
Pg Issued: 10-19-83

Intumescent Mat - The flexible foil-faced intumescent matmaterial, used to protect the cable air drop of System No. 1 andto protect the steel conduits of System Nos. 2, 3 and 4, wasýnominal 1/4 in. thick and was supplied in nominal 48 in. widerolls. The flexible foil-faced intumescent mat material was also6u~plied in 4 in. wide rolls for use as a joint cover for theprotective enclosures around the steel junction boxes. Theintumescent mat, manufactured by Minnesota Mining andManufacturing Company and designated "Type M2OA", will beClassified as "Electrical Circuit Protective Material" in theBuilding Materials Directory under the Follow-Up Service ofUnderwriters Laboratories Inc.

Hardware Cloth - The hardware cloth consisted of 0.041 in.diameter (No. 19 _AWG) galvanized steel wires welded to form a1/2 in. square grid. The hardware cloth, manufactured byGilbert & Bennet, Blue Island, Illinois and identified as Code,No. 453035, was supplied in nominal 12 in. and 24 in. wide by100 ft long rolls.

Fasteners - The fasteners, used to secure the intumescentsheet totHiisteei framing of System No. 1 and to the junctionbox of System No. 4, were No. 10-16 by 3/4 in. longself-drilling, self-tapping hex-washer head steel screws in'conjunction with 5/8 in. diameter steel washers.

Bandng Srap- The carbon steel banding straps used tosecure the intumescent sheet and joint treatment to the junction,boxes, were 5/8 in. wide by 0.020,in. thick. The 1 in. longchannel-shaped crimp clips, used iii conjunction with the bandingstrap, were 11/16 in. deep with 1/4 in. flanges. The clips wereformed of 0.021 in. thick e'lectro-galvanized steel.

Ceramic Cord - The ceramic cord, used to secure theintumescent mat to the conduits and cable air drop, was suppliedin 4 in. diameter by 12 in. high spools containing 1400 lin ft ofcord. The cord, manufactured by Minnesota Mining andManufacturing Company and designated "Type 34", will beClassified as "Electrical Circuit Protective Material" in theBuilding Materials Directory under the Follow-Up Service ofUnderwriters Laboratories Inc.

Page 4
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Caulkc The caulk, used to seal the joints of theintumescent sheets and as part of the floor firestop system, wassupplied in 10-1/2 oz cartridges. The caulk, manufactured byMinnesota Mining and Manufacturing Company and designated
* . "Type CP-25". will be Classified as "Electrical CircuitProtective Material" in the Building Materials Directory underthe Follow-Up Service of Underwriters Laboratories Inc.

FolTa e - The 3 in. wide pressure-sensitive aluminum foiltape was supp ied in rolls. The tape, manufactured by MinnesotaMining and Manufacturing Company and designated "Type 425", willbe Classified as "Electrical Circuit Protective Material" in theBuilding Materials Directory under the Follow-Up Service ofUnderwriters Laboratories Inc.

TEST ASSEMBLY NO. 2

The floor assembly used for Test Assembly No. 2 was the samefloor 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 foiltape used in Test Assembly No. 2 were the same as those used inW Test Assembly No. 1.

Junction Box - The junction box, used in System No. 3 was12 in. wide by1 in. long by 6 in. high and was formed of0.076 in. thick (No. 14 gauge) painted steel. The box wasprovided 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. Thehinged cover of the juncti'on box was 10 in. wide by 14 in. longby1in. high and was formed of 0.076 in. thick (No. 14 gauge)painted steel. The cover was provided with two screw-tightenedlatching mechanisms and a hasp for locking.

Steel Conduit System - The nominal 2 in. diameter rigidsteel conduit, used in System No. 3, had an outside diameter of2.375 in. and a wall thickness of 0.142 in. The conduit systemconsisted of a 12 in..radius 90* elbow, a straight length, oneset-screw connector, one set-screw coupling, two lock nuts andtwo b~ushings.
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Cable Tray System - The 24 in. wide open-ladder cable trayused in System No. 1 consisted of channel-shaped siderails andboxed-channel rungs. The siderails were 4 in. deep and wereformed of 0.061 in. thick (No. 16 gauge) galvanized steel. Thetop 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 rungswere 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 rungwere notched to accommodate the stiffening flange on the bottomflange of each siderail. The rungs were spaced 6 in. OC and werewelded to the web of the siderails at each end. The loadingdepth of the trays was 2-7/8 in. The trays were provided in34 in. and 61 in. lengths for the horizontal and vertical runs,
respectively.

The 24 in. wide 900 inside riser elbows, used in the cabletray system, each had an inside radius of 12 in., an outsideradius of 16 in. and a tangent length of 19 in. The siderailmembers for each elbow were channel-shaped in cross-section witha web-height of 4 in., a top flange width of 3/4 in. and a bottomwidth of 5/8 in. The siderail members were formed of 0.061 in.thick (No. 16 gauge) galvanized steel. The elbows were providedwith the same boxed--channel type rungs used in the cable trays.The rungs were spaced nominally 6 in. OC and were welded to theweb and bottom flange of the siderails of each end.

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

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

Traez Spport - The trapeze support, used at the center ofthe hoiotlr-in System No. 1, consisted of a "U"-shapedwelded assembly formed from Type P1000 Unistrut channels.

Cables - Three cable types were used in the various cabletray and conduit systems. The cable types used weresingle-conductor 300 MCM power cables, seven-conductor No. 12 AWGcontrol cables and two-conductor No. 16 AWG control cables.

Page 6
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The~single-conductor 300 MCM power cables consisted ofthirty-s~ven 0.090 in. diameter copper strands. The strandedconductor was encased in a mylar film. The conductor insulationwas cross-linked polyethylene (XLPE). The outside diameter ofthe cable insulation was 0.755 in. The cable insulation wasmarked "300 14CM CU XLP Type XHHW 600V (UL) E-11486".

Each conductor of the seven-conductor No. 12 AWG cableconsisted of seven 0.030 in. diameter copper strands strandedtogether and covered with a celophane wrap and XLPE insulation.The outside diameter of each conductor was 0.158 in. The fillerswithin the cable construction consisted of six nominal 0.052 in.diameter PVC filler strands. The fillers and conductors wereencased in a cellophane wrap and covered with a PVC jacket., Theoutside diameter of the cable was 0.623 in. The cable jacket wasmarked "12 AWG TYPE TC XHHW CDRS. SUNLIGHT RESISTANT 600 VE60749 (UL) DIRECT BURIAL".

Each conductor of the two-conductor No. 16 AWG cable.consisted of sixteen o.oio in. diameter soft annealed tinnedcopper strands stranded together and covered with a tissue paperwrap and XLPE insulation. The outside diameter of each conductorwas 0.084 in. The fillers within the cable construction were.hemp. The fillers and conductors were wrapped in tissue paperand covered with a PVC jacket. The outside diameter of the cablewas 0.245 in. The cable jacket was marked "MULTICONDUCTOR POWERCONTROL (UL) 16 AWG 600 V 90 C UL FR-i NEC340"

Steel Framing - The steel framing for the cable tray ofSystem N.1ana or the junction box of System No. 3 consistedof No. 14 gauge, Types A1000 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 steelframing around the cable tray were each preassembjled and weldedprior to installation. The enclosures were assembled using3/8 in. diameter by 3/4 in. long hex head cap screws inconjunction with Type A3008 Unistrut nuts.

Put - The putty used in conjunction with the compositefire ýarrier sheet at the interface of the electrical circuit.protective systems with the floor, was manufactured by MinnesotaMining and Manufacturing Company and designated "Type 303", theputty is Classified as a "Fill, Void or Cavity Material" in theBuilding Materials Directory under the Follow-Up Service ofUnderwriters Laboratories Inc.

Page 7
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ERECTION OF TEST ASSEMBLIES:

TEST ASSEMBLY NO. 1

The full-scale floor test assembly was constructed n
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 to p 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 nominal6 in. slots in the floor and was oriented such that it projected
36 in. above and below the floor slabs. The cable tray systemwas 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.

R10125-1,-2 Page 8
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Pribr to installation of the steel junction boxes for SystemNos. 1 abd 4, 2-3/8 in. diameter holes for the nominal 2 in.diameter Trade Size steel conduit were die-cut in the center ofthe bottom and cover of each junction box. In order to effect agood seal with the undergide of the floor, a 15 in. square pieceof intumescent sheet with a nominal 3 in. diameter hole at itscenter was installed as a gasket between the underside of thefloor and the bottom surface of the five-sided box. First, a.nominal 1 in. wide band of Type CP-25 caulk was applied aroundthe entire perimeter of the junction box at its bottom. Thealuminum foil-faced side of the nominal 15 in. square piece ofintumescent sheet was then pressed into the Type CP-25 caulk.Each steel junction box was then secured to the underside of thefloor using four nominal 3/8 in. diameter threaded steel rods inconjunction 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 SystemNo. 4 was installed as shown in ILL. 6. The vertical leg of thenominal 2" in. diameter rigid steel conduit projected 36 in. abovethe top of the floor and was secured in place by means of nominal3 by 3 by 1/4 in. steel angles, 20 in. long, spanning across theprojecting steel reinforcement of the floor slabs and welded tothe sides of the conduit, as shown in ILL. 6.

The nominal 5 in.'diameter rigid steel conduits for SystemýNos. 2 and 3 were each assembled into a "U" shape as shown inILL. 5. The conduits were assembled with threaded steelconnectors. The two open ends of each conduit were provided withbushings. After assembly, the systems were lifted through thenominal 6 in. slots in the floor and were oriented such that theyprojected 36 in. above and below the floor slabs. The conduitsystems were suspended by means of nominal 3 by 3 by 1/4 in.steel angles 20 in. long, spanning across the projecting steelreinforcement 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 wereinstalled in each electrical circuit system. Thesingle-conductor 300 MCM cables were cut-to-size and installed'individually in the electrical circuit systems. Theseven-conductor No. 12 AWG and the two-conductor No. 16 AWGcables were each looped back-and-forth and installed in thesystem in bundles.
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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 thecable 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
projected 36 in. above the top surface of the floor.

The total quantity 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 2 21 (Cable Tray) 12 31 114
2 4 ;11 42
3 111
411

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 werefilled with vermiculite concrete as a firestop. Removable formswere placed beneath each slot, flush with the underside of thefloor slab. Small pieces of mineral-wool batt were stuffedbetween the edges of the forms and the cables to minimize leakageof the vermiculite concrete. Nominal 7 in. lengths of nominal.1/2 in. diameter deformed steel rods were wedged into each slotto act as reinforcement. The vermiculite concrete, composed offive parts expanded vermiculite aggregate to one part Portlandcement, by bulk volume, and mixed with water, was pumped into theslots and struck with a trowel. After drying for 24 h, the formswere removed from the underside of the assembly.
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* Theasteel framing for the protective enclosure aon h* abe tray of-S SytinIL.Yem No. 1 was-installed as shown i LS* through 10 As shown in ILLS.. 9 and 10, a gasket formed from.',ihtumesce-At'sbeet and caulk was 'installed between the steel
cteimig anfd the 'underside of the floor at both endsothcaesyte, stee framing was installed such that noco~t twas made-between the, framing and the cable tray systemexcpt t ~e tapeze suppot Inuecent sheet was cut-to-sizeand s''crew-attached to te sat-eel framing (aluminum foil face.'onexteior)with. 11o. 1016,by -3/4 in. long self-drilling"I sef-tappn hex-washer head steel screws with 5/8 in. diameterasteel wa'sher4,, As shown 1in ILLS. 8 and 11. The screws werelocated, 'A& 'ec corner of -the 'sheets to' hold each sheet inpostio. 'he secionof the protective enclosure containing thecable air drop-was l1eft openw',. 'After installation of theprft ctive, wrap .on the cable-air drop, the protective enclosurearoun th abetaywscqlpleted. A bead of caulk was appliedoverthebutted joints o~f ther.-intumescent sheet and each jointwas, covered,,wi'th a layer of 4 in. wide intumescent mat (aluminumfoil face on exterior) and .a 4' in. wide strip of steel hardware',.cloth', as shown in ILLS. 8,11 land 12. The intumescent mat andsteel hardware cloth were secured to the intumescent sheet with.No. 10-16,by 3/41in. long self-drilling, self-tapping hex-washerhead steel Adiews with 5/8S in. diameter washers spaced,-'1aproximately 6 inh. OC. The. intumescent, sheets and Joint coverswer~e additionrially secured in place with steel banding straps:,'Wrapped around. the enclosur~e aand spaced approximately 6 to 8 in.1 .OC, as shown ~in 'ILL. '8. The steel banding straps were secured,With crimp clps and were 1covered with aluminum foil tape. As a'fina tpa in. wid~e ;strip of intumescent mat (aluminum foil"face on exterior') and an 81in.. wide strip of steel hardware cloth,were formed into an angle with 2 *in. and 6 in. legs and wasinstlle attheinterface of the protective enclosure and theýuhderside of the floor aro'und ýthe entire perimeter of the.:.protective enclosure, as shown in ILL. 10. The 2 in. legs of theiAntumescent mat,_and steel hardware cloth angles were secured toý.thelintumescent,"sheets of the;'protective enclosure with No. 10-16,by'3/4 in. long self-drilling, self-tapping hex-washer head steelscrews, with' 5/8' in." diameter 'steel washers and with a.Supplemental steel band -ing strap. The 6 in. legs of theintumescent mat and steel hardware cloth angles were secured toth udesie fthe floor with Type 8d coated sinker nails inconjunction with 5/8 in. diameter steel washers.
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A thick bead of caulk was applied around the trapeze supportat its two paints of egress from the protective enc losure aroundthe cable tray. The two vertical legs of the trapeze supportwere each protected with two wraps of intumescent sheet (aluminumfoil face on exterior), as shown in ILL. 13. The first layer ofintumescent mat was secured in place with aluminum foil tapealong the vertically-oriented seam. The second layer ofwintumescent mat was installed such that its vertically-orientedseam was diametrically opposed frdm that of the first layer. The.second layer of intumescent mat was secured in place with,aluminum foil tape and was additionally wrapped in a criss-crosspattern with ceramic cord on 2 in. centers. The trapezesupport/floor interface was protected as shown in ILL. 14.
The steel framing for the protective enclosure around thejunction box of System No. 1 was installed as shown in ILL. 15.The steel framing of the protective enclosure was in contact with'the intumescent sheet gasket sandwiched between the steeljunction box and the underside of the floor. The steel framingwas 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 ofexterior) with No. 10-16 by 3/4 in. long self-drilling,self-tapping hex-washer head steel screws with 5/8 in. diametersteel washers. The screws were located at each corner of the,sheet to hold each sheet in position. The bottom of theprotective enclosure containing the cable air drop was left open.After installation of the protective wrap on the cable air drop,.the protective enclosure around the.junction box was completed.A bead of caulk was applied over the butted joints of theintumescent sheets and each joint was covered with a layer of.41in. wide intumescent mat (aluminum foil faced on exterior) anda4 4 in. wide strip of steel hardware cloth. The intumescent matand, steel hardware cloth were secured to the intumescent sheetwith No. 10-16 by 3/4 in. long self-drilling, self-tapping.hex-washer head steel screws with 5/8 in. diameter washers spacedapproximately 3 in., OC. The intumescent sheets and joint coverswere additionally secured in place with a steel banding strapwrapped around the top and bottom of the enclosure and securedwith crimp clips. As a final step, an 8 in. wide strip of.intumnescent mat (aluminum foil face on exterior) and an 8 in.wide strip of steel hardware cloth were formed into an angle with2 in. and 6 in. legs and was installed at the interface of theprotective enclosure and the underside of the floor around theen tire perimeter of the enclosure, as shown in ILL. 16.: The2,in. legs of the intumescent mat and steel hardware c~lvth angleswere secured to the intumescent sheet of the protective enclosurewith No. 10-16 by 3/4 in. long self-drilling, self-tappinghex-washer head steel screws and a steel banding strap. The6 in. legs 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 steel washers.
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The teable air drop, extending from the steel junction box to
the cableF 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.

R10125-1,-2 Page 13
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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 thelongitudinal 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 thefloor. At the floor interface, the intumescent mat wrap was slitin the same manner as at the other vertical leg. Each successive
layer was installed in the same manner as the first layer withthe longitudinal seam of each layer diametrically opposed to thelongitudinal 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 werefolded 900 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 wassecured to the conduit wrap with aluminum foil tape. After theperimeter treatment was completed, two pieces of intumescent
sheet were cut to conform to the contours of the conduit wrap andto cover the perimeter wrap. The two-piece intumescent sheetcover extended approximately 6 in. beyond the conduit wrap and,was held in place with 3/8 in. diameter threaded steel rodsinstalled through the floor slab and secured with steel nuts inconjunction with 1-1/4 in. diameter steel washers, as shown inILL. 18. As a final step, the conduit wrap was loosely tied withceramic cord which criss-crossed in both directions and wasspaced a maximum of 2 in. OC.
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The.Junction box of System No. 4 was protected withintumescent sheet directly-attached to the sides and bottom ofthe junction box as shown in ILL. 16. The intumescent sheetswere attached to the sides and bottom of the junction box withNo. 10-16 by 3/4 in. long self-drilling, self-tapping hex-washerhead steel screws with 5/8 in. diameter steel washers at eachcorner of the sheets. A bead of caulk was applied over eachbutted joint at the corners of the box and each joint was coveredwith a layer of 4'in. wide intumescent mat and 4 in. wide steelhardware cloth in the same manner as done for the steel junctionbox of System No. 1. The steel junction box/floor interface wasalso protected in the same manner as done for the steel junctionýbox of System No. 1.

The five layers of intumescent mat wrap on the nominal 2 in.diameter rigid steel conduit was installed in the same manner asdescribed for the nominal 5 in. diameter rigid steel conduits ofSystem Nos. 2 and 3. The ends of the mat at the interface withboth the floor and the bottom of the junction box were slit andflared out. The end of the protective wrap on the nominal 2 in.diameter conduit at the interface with the floor was protectedwith a perimeter treatment of intumescent mat in the same manneras was done for the nominal 5 in. diameter conduits in SystemNos. 2 and 3. At the interface with the bottom of the junctionbox, nominal 4 in. wide pieces of steel hardware cloth werefolded 90* and installed with the horizontal leg over the flapsof the i * ntumescent mat and with the vertical leg against theconduit wrap. The hardware cloth was secured to the bottom ofthe junction box 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.

On the unexposed side of the assembly, the open ends of thenominal 5 in. diameter rigid steel conduit of System No. 2 andthe open end of the nominal 2 in. diameter rigid steel conduit ofSystem No. 4 were sealed with Type CP-25 caulk. The open end ofthe nominal 5 in. diameter rigid steel conduit of System No. 3was sealed with a cap formed from intumescent sheet with thesteel backing removed and sealed around the periphery withType CP-25 caulk. The through openings in the floor for passageof the cables and conduit ends of System Nos. 1 and 4 were sealedwith vermiculite concrete.

The appearance of the exposed surface before the fire test.is shown in ILLS. 19 and 20.
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TEST ASSEMBLY No. 2

The full-scale floor test assembly was constructed inaccordance with the methods specified by the submittor, as shown
in ILLS. 7 through 18 and 25 through 31. The construction of thetest 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 usedfor 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. 215.

The cable tray system for System No. 1 was assembled into a"U"-shape as shown in ILL. 26. 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 traysystem was suspended by means of nominal 3 by 3 by 1/4 in. steelangles, 20 in. long, spanning across the projecting steel
reinforcement of the floor slabs and welded to the cable traysiderails, 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. Theconduit was assembled with threaded steel connectors. The twoopen ends of the conduit were provided with bushings. Afterassembly, 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 wassuspended 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.
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Prior to installation of the steel junction box for SystemNo. 3, twyo nominal 2-3/8 in. diameter holes for the nominal 2 in.diameter Trade Size steel conduit were die-cut in the bottom andside of the steel enclosure as shown in ILL. 28. The steel* junction box was attached to the underside of the floor with3/8 in. diameter threaded steel rods passing through the floorand secured with steel lock-nuts in conjunction with 1-1/4 in.* diameter steel washers. The nominal 2 in. diameter rigid steel.conduit was then installed as shown in ILL. 28. The vertical legof the conduit elbow projected approximately 3 in. above the topsurface of the floor.

Three cable types were installed in the cable tray of SystemNo. 1. A total of 13 single-conductor 300 MCM cables werecut-to-size and installed individually along the west third ofthe cable tray. The seven-conductor No. 12 AWG and thetwo-conductor No. 16 AWG cabl~es were each looped back-and-forthsuch that the cable loading for each cable type was comprised ofan individual cable. A total of 13 runs of the seven-conductorNo. 12 AWG cables were installed along the east third of thecable 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 wastightly secured to every other rung of the cable tray system with.nylon ties. The cable fill resulted in a single layer of cablesacross the entire width of the cable tray system.

In addition to the single layer fill, 12 in. lengths of thethree cable types were placed in the horizontal portion of thecable tray system, evenly distributed across two cable trayrungs, as shown in ILLS. 8 and 26. A total of twenty-three12 in. lengths of 300 MCM cable, forty-four 12 in. lengths of.seven-conductor No. 12 AWG cables and 220 12 in. lengths oftwo-conductor No. 16 AWG cables were installed. The cablelengths were tightly packed and completely filled the cable tray.flush with the top plane of the cable tray siderails. The totalweight of the 12 in. lengths of cable installed in the cable traysystem was 46.2 lb.

In System No. 2, one 300 MCM cable, one seven-conductorNo. 12 AWG cable and two two-conductor No. 16 AWG cables weregrouped together and bundled with nylon ties. The cable bundlewas then installed in the rigid conduit.
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Two cable types were installed in the junction box andconduit of System No. 3. One seven-conductor No. 12 AWG cabl 'eand two two-conductor No. 16 AWG cables were grouped together andbundled with nylon ties spaced approximately 18 in. OC. Thecable bundle passed through the conduit and junction box witheach end of the cable projecting through the floor and extending36 in. above the floor surface.

After installation of the cable tray, conduits and junctionbox, the four nominal 6 in. wide slots in the floor assemblycontaining the vertical legs of the cable tray and conduitsystems were filled with vermiculite concrete as a firestop.Removable forms were placed beneath each slot, flush with theunderside of the floor slab. A nominal 1 in. thick bead ofType 303 putty was applied to the cables of System No. 1 aroundthe edges of the forms to minimize leakage of the vermiculiteconcrete. Nominal 7 in. lengths of nominal 1/2 in. diameterdeformed steel rods were wedged into each slot to act asreinforcement. The vermiculite concrete, composed of five partsexpanded vermiculite aggregate to one part Portland cement, bybulk volume, and mixed with water, was pumped into the slots andstruck with a trowel. After drying for 24 h, the forms wereremoved from the underside of the floor assembly.

The protective enclosure for the cable tray of System No. 1was installed as shown in ILLS. 7 through 12. Starting at thetop of one of the vertical legs, a length of intumescent mat wascut to the required width and wrapped around the cable tray suchthat the longitudinal seam was centered over the top of the cabletray. The overlap at the longitudinal seam was 6 in. The.intumescent mat Wrap abutting the underside of the floor was slit4 in. parallel with the longitudinal seam at each corner of thecable tray and folded 90@ such that the flaps were against theunderside of the floor. The flaps were secured to the floor withType 8d coated sinker nails in conjunction with 5/8 in. diametersteel washers. The longitudinal seam of the intumescent mat wrapwas secured using aluminum foil tape. Adjacent lengths ofintumescent mat wrap overlapped the preceding length 3 to 6 in.The various lengths of intumescent mat wrap continued around the'cable tray system up to the interface with the trapeze support.*The intumescent mat wrap terminated at the bottom and one side ofthe cable tray where it abutted the trapeze support. At thatpoint, a bead of Type CP-25 caulk was applied at the intumescentmat wrap/trapeze support interface. The intumescent mat wrap onthe second half of the cable tray system was applied ini the samemanner. The intumescent mat wrap from the two halves df thecable tray system were butted over the top and one side of thetrapeze 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-~steel framing for the protective enclosure around thecable tray of System No. 1 was installed as shown in ILLS. 7through 10. As shown in ILLS. 9 and 10, a gasket formed fromfintumescent sheet and caulk was installed between the steelýframing and the underside of the floor at both ends of the cabletray 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. Intum-escent sheet was cut-to-sizeand screw-attached to the steel framing (aluminum foil face on-exterior.) with No. 10-16 by 314 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 eacý 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 foilface on exterior) and a 4 in. wide strip of steel hardware cloth,.as shown in ILLS. 8, 11 and 12. The intumescent mat and steelhardware cloth were secured to the intumescent sheet with_No. 10-16 by 3/4 in. long self-drilling, self-tapping hex-washerhead steel screws with 5/8 in. diameter steel washers near eachend of each strip. The intumescent sheets and joint covers were.additionally secured in place with steel banding straps, withS crimp clips, wrapped around the enclosure and spacedapproximately 6 in. OC, as shown in ILL. 8. As a final step, an8 in. wide strip of intumescent mat (aluminum foil faced onexterior) and an 8 in. wide strip of steel hardware cloth wereformed into an angle with 2 in. and 6 in. legs and was installedat the interface of the protective enclosure and the underside ofthe floor around the entire perimeter of the enclosure, as shownin ILL. 10. The 2 in. leg of the intumescent mat and steelhardware cloth angles were secured to the intumescent sheet of*-the protective enclosure with No. 10-16 by 3/4 in. longself-drilling, self-tapping hex-washer head steel screws with5/8 in. diameter steel washers with additional steel bandingstraps. The 6 in. leg of the intumescent mat and steel hardwarecloth angles were secured to the underside of the floor withType 8d coated sinker nails in conjunction with 5/8 in. diameter.steel washers.
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The nominal 5 in. diamet er 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 900 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 ofintumescent mat were folded 9Q* and installed around theperimeter 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 inconjunctions with 1-1/4 in. diameter steel washers, as shown inILL. 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 thejunction: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 theintumescent sheet to accommodate the nominal 2 in. diameter rigidsteel-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 onexterior) and a 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
steel washers spaced approximately 6 in. OC. As a final step, a4 in. wide strip of intumescent mat (aluminum foil faced onexterior) and a 4 in. wide strip of steel hardware cloth were
formed into an angle with 2 in. legs and were installed at theinterface of the protective enclosure and the underside of thefloor around the entire perimeter of the enclosure, as shown inILLS. 16 and 29. 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. The intumescent mat and steel hardware cloth
angles were secured to the underside of the floor with Type 8dcoated 'sinker nails in conjunction with 5/8 in. diameter steel
washers.

After installation of the protective enclosure around thesteel junction box of System No. 3, the nominal 2 in. diameter,rigid steel conduit was wrapped in a single layer of intumescentmat, as shown in ILL. 29. The mat butted against the junctionbox protective enclosure and was installed with the longitudinal
seam located on the side of the conduit. The intumescent matwrap on the conduit was installed in two pieces, with the twopieces overlapped 2-1/2 in. At the interface with the floor, theintumescent mat wrap was slit parallel with the longitudinal seamat 2 in. intervals around the perimeter of the wrap and foldedsuch 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 theintumescent wrap was secured using steel staples spacedapproximately 1-1/4 in. OC and covered with, aluminum foil tape.

R10125-1?-2 Page 21
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After installation of the intumescent mat wrap on the steelconduit of System No. 3, three "U". sections of steel framing werefonned from Type P100 Unistrut channels and Type A1026 fittingsand were secured to the steel framing of the junction box and theunderside of the floor as shown in ILL. 29. A three-sidedenclosure was formed from intumescent sheet as shown in ILL. 29.Adjacent lengths of the three-sided enclosure were butted andcentered over the intermediate "U"-shaped steel framing and we 'resecured to the steel framing at both ends with No. 10-16 by,3/4 in. long self-drilling, self-tapping hex-washer head steelscrews as shown in ILL. 29. The hemmed edges of the three-sidedenclosure were secured to the underside of the floor with 3/8 in.diameter threaded steel rods passing completely through the flooradspaced 12 in. OC on both sides of the enclosure. Theinterface of the three-sided enclosure with the protective.enclosure from the steel junction box was sealed with a bead ofType CP-25 caulk and was covered with nominal 4 in. wide stripsof intumescent mat and steel hardware cloth formed into angles'.and secured to the intumescent sheet of the two protectiveenclosures with No. 10-16 by 3/4 in. long self-drilling,self-tapping hex-washer head steel screws with 5/8 in. diameterwashers. The butted joint of the intumescent sheet at the center.of the 6 ft long three-sided enclosure were also sealed with abead of caulk and covered with a 4 in. wide strip of intumescentmat and steel hardware cloth secured with the steel screws andwashers. The end of the enclosure was sealed with a rectangularpiece of intumescent sheet secured to the steel framing withsteel screws. The joints at the end of the protective enclosurewere covered with 4 in. wide strips df intumescent mat and steelhardware cloth.

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

CJJ/KWH: jmd
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T E ST R E COR D NO0. 1

FIRE END URANCE 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

The standard equipment of Underwriters Laboratories Inc. forII 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. In 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
osystem, 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
m onitoring device are shown in ILL. 22.

R10125-10-2 Page Tl-l
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Throughout the fire test, observations were made of thecharacter of the fire and its control, the conditions of theexposed and unexposed surfaces, and all developments pertainingto the fire and its control, the conditions of the exposed andunexposed surfaces, and all developments pertaining to theperformance of the electrical circuit protective systems withspecial reference to circuit integrity.

RESULTS
Character and Distribution of Fire - The fire was luminousand Well-distributed, and thefu~r~na-ce temperatures following theStandard Time-Temperature Curve as outlined in the Standard,UL 263, and as shown in ILL. 21. The temperatures of the furnacechamber measured in the "U" of the two conduit systems alsofollowed the Standard Time-Temperature Curve outlined in theStandard, UL 263, and as shown in Appendix A, ILLS. A36 and A37.
Observations During Test - By 1. min, the intumescent sheetsforming the protective enclosures for the cable tray and junctionbox of System No. 1 and the junction box of System No. 4 wereflaming and the aluminum foil tape was peeling from the jointsand corners. The intumescent mat on the cable air drop of SystemNo. 1 and on the conduits of System Nos. 2, 3 and 4 was alsoflaming slightly. As the test progressed, the flaming of theintumescent 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 continuedthroughout the fire test.

By 4-1/2 min, light smoke was rising from the floorfirestops on the unexposed side of the assembly. The smokedensity and volume gradually increased as the test progressed.
The furnace fire was extinguished at 62 min, 30 s.
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Temp~atures 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:

SAMPLE

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 the
American Nuclear Insurers (ANI) Standard entitled "ANI/MAERP
ýStandard Fire Endurance Test Method to Qualify a Protective
Envelope 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
270 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.

R10125-If-2 Page T1-3
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OBSERVATIONS AFTER TEST:

The appearance of the exposed surface of the assembly afterthe fire endurance and hose stream tests is shown in ILLS. 25 and24.

In System No. 1, the intumesce nt sheet enclosures on thecable tray and junction box were black and intumesced butremained 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 junctionbox and within the cable tray, the cable bundle showed signs ofýheat damage.

In System Nos. 2 and 3, the intumescent mat wrap on thesteel 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 anddistorted, but none of the insulation on any of the cable'conductors was damaged.

In System No. 4, the intumescent sheet enclosure on thesteel junction box was blackened and intumesced but remained inplace. The intumescent mat wrap on the steel conduit was erodedby the hose stream but remained in place. Beneath theintumescent mat, the steel conduit appeared unchanged except fora slight discoloration. Within the steel conduit, the jacket'material on the two-conductor No. 16 AWG cables was softened anddistorted, but none of the insulation on any of the cableconductors was damaged. However, within the steel junction box,the cable jacket and insulation material was heat damaged and thecopper conductor's were visible.

Page T1--4
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T E S T R E C 0 R D N 0. 2- - - - - - - - - - - -

FIRE ENDU RANCE 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. 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. I
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. B1.

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. BI through B5.

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
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
Character and Distribution of Fire - The fire was luminous'and Well-distributed, 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 furnacechamber measured in the "U" of System Nos. 1 and 2 also followedthe Standard Time-Temperature Curve outlined in the Standard,..UL 263, and as shown in App. B, ILL. B40.

Observations During Test - By 1 min, light flames were.issuing from the intum-escent mat joints on the nominal 5 in.diameter rigid steel conduit of System No. 2. By 2-1/2 min, 'the'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, theflaming of the intumescent mat wrap of System No. 2 had stopped.At that time, the intumescent sheet enclosures of System Nos. 1and 3 continued to flame. The flaming of the intumnescent sheetenclosures of System Nos. 1 and 3 continued throughout the firetest at a diminishing rate.

At 38 min, it was noted that the edge of the intumescentsheet on the bottom surface of System No. 1 immediately adjacentto the south side of the trapeze support had slipped from beneath,the steel banding strap and was bowing downward such that amaximum 1 in. high vertical opening was present at the center ofthe sheet edge. The vertical opening at the center of the sheetedge increased in size as the test progressed . By 60 min, themaximum 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 floor'firestops on the unexposed side of the assembly. The smokedensity and volume gradually increased as the test progressed.:
The furnace fire was extinguished at 61 min, 20 s.
Temperatu~res of the Assembly - The temperatures measured bythe various thermocouples were recorded at 2 min intervals duringthe fire test. These temperatures are tabulated in App. B,ILLS. B6 through B39.
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HOSE STR9AM TEST:

SAMPLE

The hose stream was applied to the exposed surface of the
:floor assembly. The hose stream test commenced approximately
5 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 (ANl) Standard entitled "ANSI/MAERP
Standard Fire Endurance Test Method to.Qualify a Protective
.Envelope 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 perpendicu Ilar distance of approximately 17 ft, 3-in.
from the center of the test assembly and on a line approximately
278 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 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 platewas exposed. The intumescent sheet which had bowed downwardduring the fire endurance te t was back in almost its originalposition. Beneath the intum:scent sheet, the intumescent matwrap on the cable tray was intuzuesced and remained securely inposition. Beneath the intumescent mat wrap, the single-conductorNo. 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 someplaces, completely missing from the insulated conductors.Beneath the heavily damaged jacket material, the insulation on.the individual cable conductors was discolored in areas butappeared essentially undamaged.

In System No. 2, the intumescent mat wrap was eroded by thewater hose stream but remained in place. Beneath the intumescentmat wrap, the steel conduit was discolored but undamaged. Within-the conduit, the single-conductor No. 300 MCM cable and the two-ýconductor No. 16 AWG cable was melted, charred and, in someplaces, completely missing from the insulated conductors.Beneath the heavily damaged jacket material, the insulation onthe individual cable conductors was discolored in areas butappeared undamaged.

In System No. 3, the intumescent sheet enclosure on thesteel junction box and around three sides of the steel conduitwas blackened and intumesced but remained in place. Beneath thei~ntumescent sheet enclosure, the intumescent mat wrap on theýsteel conduit remained intact. Beneath the intumescent mat wrap,the steel conduit was discolored but appeared undamaged. Withinthe steel conduit, the two-conductor No. 16 AWG cables appearedundamaged but the jacket material on the seven-conductorNO. 12 AWG cable was melted and charred. Beneath the melted,charred jacket material, the insulation on the individual cableconductors appeared undamaged.' Within the steel junction box,the insulation and jacket materials on both the two-conductorNo. 16.AWG cables and the seven-conductor No. 12 AWG cable werepartially 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. I and 2, the cableswithin the steel junction boxes were partially consumqd such that.some of the copper conductors were.,exposed. However, noelectrical faults showed up on the circuit monitoring device
.since the exposed copper conductors did not contact either each:other or the steel junction box. However, based on the physical:evidence following the tests, it was determined that theelectrical circuit protective systems on the steel junction boxesare not eligible for Classification.

In System No. I of Test Assembly No. I (cable air drop). thecable bundle protected by the five layers of intumescent mat wrapwithstood the fire endurance and hose stream tests withoutsustaining heat damage and without developing electrical faults.However, the portions of the air drop cable bundle within thesteel junction box and cable tray were heavily damaged. Based onthe satisfactory performance of the cable air drop, it wasdetermined that the cable air drop protective system would be
,eligible for Classification as a 1 h rated system provided thatit was used in conjunction with 1 h rated electrical circuitprotective systems at both ends.

In System No. 4 of Test Assembly No. 1, the cables withinthe nominal 2 in. diameter rigid steel conduit protected by fivewraps of intumescent mat withstood the fire endurance and hosestream tests without sustaining heat damage and withoutdeveloping electrical faults. However, the cables within the-steel junction box were heavily damaged. Based on thesatisfactory performance of the electrical ' circuit protectivesystem around the nominal 2 in. diameter rigid steel conduit awayfrom the steel junction box, it was determined that the conduitprotective system would be eligible for Classification as a 1 hrated system provided that it was used on uninterrupted conduitruns penetrating fire rated walls or floors at both ends.
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In System No. 3 of Test Assembly No. 2, the cables withinthe nominal 2 in. diameter rigid steel conduit protected by asingle wrap of intumescent mat and a three-sided enclosure formedfrom intumescent sheet withstood the fire endurance and hose* stream tests without developing electrical faults. However, thecables within the steel junction box were heavily damaged. Basedon the satisfactory performance of the electrical circuitprotective system around the nominal 2 in. diameter rigid steelconduit away from the steel junction box, it was determined thatthe conduit protective system would be eligible forClassification as a 1 h rated system provided that it was used onuninterrupted conduit runs penetrating fire rated walls or floorsat both ends.

As noted in the preceding section of this Report entitled"Observations After Test" in Test Record No. 2, the cable jacketmaterial on the seven-conductor No. 12 AWG cables in SystemNos. 1, 2 and 3 was melted and charred but, except for the cablesý,within the steel junction box of System No. 3, the insulation onthe individual cable conductors appeared undamaged. In order toverify 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 removedfrom each of the three cable systems. Each section of damagedcable was immuersed 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, areview was made of the test data to determine the criticalcombination of cable tray type and percentage of cable fill to beevaluated in the test assembly in order to establish coverage foralternate cable tray types and a broad range of cable fillconditions in Classified systems.

Specifically, the review addressed the use of open-ladderversus solid-bottom steel cable trays and the use of minimum fillversus 100 percent visual fill cable loading in cable trays andsteel conduits. our review indicated that, of the open-ladderand 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 thetray. 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
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
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 fill is more critical from the
standpoint of circuit integrity. This was an expected
observation in that the greater mass of the 100 percent visual
cable fill 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. In 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. In addition, a 100 percent visual cable
fill was simulated in a 12 in. portion of the horizontal run of
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. 2withstood the fire endurance and water hose stream tests withoutdeveloping any electrical faults. Accordingly, it was determinedthat the cable tray protective system tested would be eligiblefor Classification as a 1 hi rated system. Based on the above,,the Classification coverage will be extended to include both,,open-ladder and solid-bottom cable trays containing asingle-layer cable fill up to the maximum allowable cable fillpermitted in accordance with applicable provisions of the currentNational Electrical Code.

In steel conduit systems, the minimum cable fill was morecritical from the standpoint of circuit integrity than a maximu~m,cable fill. This was an expected observation in that the greatermass of the maximum cable fill affords a greater heat sink thandoes the minimum cable fill. The compressive force exerted bythe maximum cable fill would have less effect in conduits than in,open-ladder cable trays as there would be no significantconcentrated loading of the insulation and jacket materials onthe 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 fill and, excluding the steel junctionboxes, each system was determined to be eligible forClassification as a 1 h rated system.- Based on the above, theClassification coverage will be extended to include the maximumallowable cable fill permitted in accordance with applicableprovisions of the National Electrical Code.
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C 0 N C L U S 1 0 N S

The following conclusions represent the judgement of
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 I 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:

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,,ýeligible for Classification and Follow-Up Service of UnderwritersLaboratories Inc. Under the Service, the manufacturer isauthorized to use the Laboratories' Classification Marking on.such products which comply with the Follow-Up Service Procedureand any other applicable requirements of UnderwritersLaboratories Inc. Only those products which bear theL.aboratories' Classification Marking are considered as Classi~fied.by Underwriters Laboratories Inc.

The Classification Marking to be used on containers of theIntumescent sheets, intumescent mat, caulk, ceramic cord andaluminum 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 Hr.
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System No. 2
Fire Rating-i1 H

1. 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.

2. Cable Trav - 24 in. wide, minimum 4 in. deep, solid bottom
or oen-adder 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. O.C. Cable trays shall be installed
as a complete system in accordance with all provisions in
Article 318 of the current National Electrical Code.

3. Cable Tray Supports -The cable trays shall be supported by
U-7shaped 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.

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.
Maximum allowable fill area (cross-sectional area of cables
including cable insulation and jacket materials) for
multi-conductor cables is 28 in.2 for open-ladder cable
trays and 22 in.2 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. Elcrical Circuit Protective System - The electrical
circuit protective system consists o6f intumescent mat,aluminum foil tape, ceramic cord, steel framing, intumescentsheet, caulk, steel hardware cloth and steel banding straps.The system shall be installed in accordance with themanufacturer's detailed instructions accompanying theElectrical Circuit Protective Materials*. The details ofthe electrical circuit protecte system are summuarized
below:

A. Electrical Circuit Protective Material* - IntumescentMat - Flexibe sheet material, sup-pli3ed in nomI-Thi1
Ii-in. wide rolls. Installed by cutting-to-size andwrapping around the cable tray system with each sheetlapping itself a minimum of 6 in. over the top of thecable tray.. Adjacent sheets of material must overlapthe preceding sheet 3 to 6 in. Sheet materialinstalled and secured in place with aluminum foil tape(Item 5B). Caulk (Item 5E) to be applied along theedges of the intumescent mat at its interface with thecable tray supports (Item 3) and at its interface withthe electrical circuit protective system on cable airdrops (Item 6).

Minnesota Mining & Manufacturing Co. - Type M2OA.

B. Electrical Circuit Protective Material* - Aluminum FoilTave - 3 in. wide pressure-sensitiv-etape supplied i-ni6ITs. Used to secure intumescent mat wrap (Item 5A).

Minnesota Mining,& Manufacturing Co. - Type 425.
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C. Ste ~Framinq - Steel channels with nominal 1-1/4 in.
Wide weF wit~h 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.

D. Electrical Circuit Protective Material* - Intumescent
Sheet - Rigid aluim-inum foil-faced she-ets with
galvanized steel sheet backer. Installed 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
hexs-washer head steel screws.

Minnesota Mining & manufacturing Co. - Type CS-195.
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E. Electrical Circuit Protective Mlaterial* - Caulk-Supplied-in cartridges. Thick bead ofcaulk to beapplied 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.

F. Electrical Circuit Protective Material* - Intumescentmat - Flexible sheet mater'ial_, s-up~pli`ed in nomina-l4 Tn. wide rolls. Installed in conjunction with steelhardware cloth (Item 5G) to cover all joints inintumescent sheet enclosure. Mat strips cut-to-lengthto completely cover each butted joint, centered overjoint and temporarily held in position with aluminumfoil tape (Item 5B).

Minnesota Mining & Manufacturling Co. - Type M20A.
G. Steel Hardware Cloth - Maximum 1/2 by 1/2 in. weldedmesh of mi3nim-u-m .041 in. diameter (19 SWG) galvanizedsteel wire. Nominal 4 in. wide strips of hardware,cloth cut-to-length and installed over each intumescentmat joint cover (Item 5F). Hardware cloth secured tointumescent sheet (Item 5D), through intumescent mat(Item 5F), with No. 10-16 by 3/4 in. longself-drilling, self-tapping, hex-washer head steelscrews in conjunction with 5/8 in. diameter steelwashers.

H. Steel Banding Strap - Nominal 5/8 in. wide by 0.020.in.thick see1 staps used in conjunction with nominal.1in. long channel-shaped crimp clips formed of0.021 in. thick electrogalvanized or painted steel.,The steel banding straps are used to secure the jointcovers and intumescent sheets in position.
I. Electrical Circuit Protective Material* - IntumescentMat - Flexible sheet material, suple in noinal-~i1TTin wide rolls. Minimum of two layers wrappedaround steel cable tray supports (Item 3) outside ofintumescent sheet enclosure. Mat secured iin:placeusing aluminum foil tape (Item 5B) at all joints. Matadditionally secured with ceramic cord (Item 5J) and/orsteel hardware cloth (Item 5K).

Minnesota Mining & Manufacturing Co. - Type M2OA.
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J. 'Electrical Circuit Protective Material* - Ceramic
:Cord - String-like material supp~led3 'In sp-oTl-sWhere
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. CC, and
tied-off at interface with wall or floor. Cord tie-off
at top and base of cable tray support wrap covered with
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 51) on cable tray
supports (Item 3) where 3600 access to the wrap is not
present. Hardware cloth secured to intumescenit sheet
enclosure 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.

ý6. CbeAir Drop - Cables passing from one cable tray
protectiye 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 including 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 aiFr drop protective
system ar summarized below:
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A. Electrical Circuit Protective Material* - IntumescentMat - Flexible she-et ma-ter-ial, ýsupplied in noiniT-4T-in. wide rolls. Installed by cutting-to-size andfolding around tightly-bundled cables of cable air drop,with the edges of the mat sheet secured together withsteel staples and aluminum foil tape (Item 6B) alongthe longitudinal standing seam. Adjacent sheets ofmaterial must overlap the preceding sheet 3 to 6 in.Successive layers of intumescent mat installed in thesame manner with the stapled and taped longitudinalseam of each layer diametrically opposed from that ofthe preceding layer and with the overlap locations foreach layer of fset a minimum of 6 in. from the overlapof the preceding layer. A total of five layers ofintumescent mat are required. Intumescent mat wrap'oncable air drop to extend a minimum of 9 in. intointumescent mat wrap (Item 5A) of cable tray protectivesystem at each end. opening in cable tray protectivesystems to accommnodate cable air drop shall conform tocontours of mat-wrapped cable air drop.

Minnesota mining & Manufacturing Co. - Type M20A.
B. Electrical Circuit Protective Material* - Aluminum FoilTa -3 in. wide pressure-sensitlive supplied i-n rolls-.used to secure intumescent mat wrap (Item 6A).

Minnesota Mining & Manufacturing Co. - Type 425.
C. Electrical Circuit Protective Material* - CeramicCord - String- -ike material supplied in Spoolrs used forsupplemental securement of outer layer of intumescent.mat wrap after aluminum foil tape application. Cord istied-off at base of wrap at interfaces with cable trayprotective systems, spiraled around intumescent matwrap in both directions in a criss-cross pattern and:,spaced 2 in. OC.

Minnesota Mining & Manufacturing Co. - Type 34.
D. Electrical Circuit Protective Material* - Caulk-Supplied in cartridges. Thick bead of caulk tobeapplied around the perimeter of the intumescent matwrap on the cable air drop at each interface with thecable tray protective system.

MinnesotaMining & Manufacturing Co - Type CP-25.
*Bearing the UL Classification Marking.
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System No. 3
Fire Rating-i1 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 rigi-d -steel conduit. Conduits shall be installed as a
complete system in accordance with all provisions in
Article 346 of the current National Electrical Code.

*3. Conduit Sugport - (Not Shown) - The conduits shall be
supprte byU-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.

41. 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.

w Cables to be installed in conduits 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 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:



-2-Guide FHIT System No. 3 R10125-1,-2Electrical Circuit Protective Systems 10-19-83
A. Electrical Circuit Protective Material* - IntumescentMat - Flexile sheet materia, sup~plied in nominalnTin. wide rolls. Installed by cutting-to-size andfolding around conduit with the edges of the mat sheet.secured together with aluminum foil tape (Item 5B)along-the longitudinal standing seam. Adjacent sheetsof material must overlap the preceding sheet 3 to 6 in.Successive layers of intumescent mat installed in thesame manner with the taped longitudinal seam of eachlayer diametrically opposed from that of the precedinglayer and with the overlap locations for each layeroffset a minimum of 6 in. from the overlap of thepreceding layer. A minimum of five layers ofintumescent mat are required on nominal 2 in. tonominal 4-1/2 in. diameter Trade Size rigid steelconduit. A minimum of two layers of intumescent matare required on nominal 5 and 6 in. diameter Trade Sizerigid steel conduit, Minimum of two layers ofintumescent. mat wrapped around steel conduit supports(Item 3). Mat secured in place using aluminum foiltape (Item 5B) at all joints.

Minnesota Mining & Manufacturing Co. - Type M2OA.
B. Electrical circuit Protective Material* - Aluminum FoilTaoe - 3 in. wide pressure-sensit~ive tape supplied in'rolTs. Used to secure intumescent mat wrap (Item 5A).

Minnesota Mining & Manufacturing Co. - Type 425..
C. Electrical Circuit Protective Material* - Cerami c Cord

-String-like material supplied in -spools. Cr s .Ttied-off at base of wrap at interface with wall and/orfloor, spiraled around Outer layer of mat at a spacingnot to exceed 2 in. OC. Cord tie-off at interface withwall and/or floor covered with aluminum foil tape(Item 5B).

Minnesota Mining & Manufacturing Co. - Type 34.



-3-
*Guide FHIT System No. 3 R10125-1,-2

Electrical Circuit Protective Systems 10-19-83

D. "Electrical Circuit Protective Material* -Intumescent

:shet -Rigid aluminum foil-faced sheets w~t
* 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 CS-195.

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 CP-25.

.*Bearing the UL Classificatioqn 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 flo.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
In -accodanice 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:



-2-Guide FHIT System No. 4 R10125-1,-2Electrical Circuit Protective Systems 10-19-83

A." Electrical Circuit Protective Material* - IntumescentMat - Flexib1le sheet material, suppl=ied in oInal -4-8in. wide rolls. Installed by cutting-to-size andfolding around steel conduit with the edges of the matsheet secured together with steel staples and1 aluminumfoil tape (Item 5B) along the longitudinal standingseam. Adjacent sheets of material must overlap thepreceding sheet 3 to 6 in.

Minnesota Mining & Manufacturing Co. - Type M2OA.
B. Electrical Circuit Protective Material* - Aluminum FoilTape - 3 -in. wide p-ressure-sens-itive tape suppl'ied in'rolils. Used to secure intumescent mat wrap (Item 5A).

Minnesota Mining _& Manufacturing Co. - Type 425.
C. SelFaming - Steel channels with nominal 1-1/4 in.wide ~BiLui3/4 in. high flanges with the flangeedges hemmed for stiffness and to accommodate specialmechanical fasteners. The channels shall be formed ofminimum 0.067 in. thick (14 gauge) painted steel orminimum 0.070 in. thick (14 gauge) galvanized steel.Steel channels assembled to form a U-shaped bracketaround three sides of the conduit and secured to thewall or floor with steel anchors. The U-shapedbrackets must be formed such that the minimum clearancebetween the intumescent sheets (Item 5D) and theconduit is 2 in. The U-shaped brackets shall beassembled by welding or through the use of specialfittings in conjunction with 3/8 in. diameter steelbolts with nuts. Brackets installed at the interfacewith the wall or floor at each end of the conduitsystem and along the entire length of the conduitsystem with a maximum spacing of 36 in. OC (bracketrequired at each butted joint of the intumescent sheetenclosure).



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-face-d shFeets w
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, supple in nominal
UTn. 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 M2OA.

F. Steel Hardware Cloth - Maximum 1/2 by 1/2 in. welded
mesh of minimum 001 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 5E). Hardware cloth secured to
intumescent sheet (Item 5D), through intumescent mat.
(Item 5E), 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.

*Bearing the UL Classification Marking.
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®DMOM.- 12" WIDE~ -A & DEEP OPEN -LADDER C:A5LE TRAY SYSTEM
FoRz SYSTEM NO. I.

(,N OM. 3"v 3"x*" 5TEEL AMC3LES R~mSTI N6 ON~ STEEL R-imFOmczNwmrI
OF FLOOR SLABS (4VE~r1D T'VrE 8i42. STrEEL JOIS-S) AMID WELDED
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CAbLE TRAY SYSTEM DETAILS-
SYSTEM~ NO. I
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A

30"
RAD.

72" -

MOM. 5wo R.IGID STEEL roP40UIT SYSTF-A FORL SVGTEM® NOS.2 AND -3.

MOM. 3"x.3*x."~STEEL ANiLES RZESTIN6 ON STEETL RGNWRCEMGNT
OF F'L.OcR SLABS (INJVERTED~ TYPE 814Z STEEL Jbc,1ST)Al,ýD WELDEDP

To WTo4 siDEs oF- CONDUI ATr soT4 ENmDs oF CONtUIT.

CONDUIT SYSTEM D~ETAILS-
SYSTEM NOS. 2&3

(TEST ASSEMBLY No.0

R1Ot25-1
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11) 7IC-fNO.)2AWQ
1) Z/C-NO. WvAVY~

NOM. WZxIZ'x&' GTiEEL JUNrCrIC'N 50K secuimrDw/f*g TwIRE.A1)E
STEEL R-OVS,Wv/NUT5&.WASd4ER~, INMSALL2-D TIARCO06# FLOOR SLAB.

®NOM. 2"0i RIGID STEEL CONDUIT SYSTEM.
@9MOM3.' 3"Y*" STEEL At4GLE RESTING ON S-MEL REII4JFORCQEmT.N-OF FLCOR. SLABS (JNvFTEDy Ty pp 814e S-MEL JOISTS) ANDr WELDiE'm 150T,4 SID)ES OF- CommDrr.

JUNCTI ON~ WX AND~ CONDUIT D£ETAILS-
SYSTEM NO. 4

(TEST ASSEMBLY NO. 1)
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A3300 Unistrut,
Al 000 Unistrut'

A2223 Fitting

A2227Fitting

A2223 and Bolting

-Connect With
Hex Head Cap
Screw

x, A
Hex Head
.Cap Screw

A2227 and Bolting

we tA~.**. .0 c** - of1 .:.
10M.. *-*g.01 g1" h 0,01 '01 -0 fq *

-. ~ ~ ~ ~ ~ ~ t .......... Myi 0 e*64 0

31~ j6;AUG/82
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5300 U1

TYPICAL

'UWISTRUT- FITTINGS
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Floior Slab-

Fire Barrier
Caulk CP-25 or
Putty 303, 114"
Thick, 2" Wide

3", Around
Floor Opening-

A3300 Unlatrut

A1000 Unistrut

A2223 Fitting -

Protect Opening
With Fire Barrier
Penetration Sealing
System or
Equivalent

2" Around Floor
IOpening

114" Fire Barrier Composite Sheet
Foil Side Facing Outward, Away From
Wall or Floor.

3/8" Threaded
Rod or
Equivalent

Unistrut Assembly
(1st of 2 Drawings - See 5300-T-12B) R10125-11)-2

ILL. 9

ts&t o DAYS RFV C

.. 1-0 1.**. b. 1.1 1 4113183 Fire Barrier Cable Tray
d-op 1.-1 #,0. lh§ ."~fhI 3Mf Patti Ill Ye Alt 0 R Tznk Protection Systemn
en,, ,,.,.qI in 3M, -- 1, ^allnt h.I J.R Tu in

-A .- 0-6.. flb4 ,,,byeb. Inerfcin Flor
____________________ J.F. Krenlk M.A.O'ra nefcngFo I

Electro-Products Divisioni3M %MI 530OO-T-1 2A Wall Opening
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3)8".Threaded Rod
Two on Each End

8D
Concrete
Nall

1/4" Fire Barrier
Composite
Sheet, Foil Side
Facing Outwards

5)8" steel 2"f
Washer

4"f Strip Welded
Hardware Cloth
(4 Sides)

4' Strip Fire Barrier Mat
M2OA-(4 Sides)

Cable
Tray

Composite Sheet Assembly
(2nd of Two Drawings - See 5300-12A)

Unistrut
Assembly.

R 10125-l,-
ILL. 10
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Composite* Sheet

Butt soon Of CanWoga. Sheet No
Greater Than 1/4 $w n W'kth

Fbe Butler MMt M20A And Whb
INkdwmM Cho e@i By~ 3/ -W
$a1 DMWli Screw And Weahm

Akm~unb Fol S11.

3/" Bit-Tip Sell Drilling
Screw With Washer

- /2 Welded
Hardware Cloth
-,Fir* Barrier Mat U20A

Unistrut

%- Bit Tip Self Drilling Screw
Detail A

R10125-l,-2.
ILL. 11

- S *1 n hf **pI

EctrO.Prmducts Divisla-i3U an

1/AUG/82

5300-S 1 -A
.9 I ~ ~

Fire Barrier W

Joining Technique
Flat Seam Protection



Fire Barrier
Composite Sheet

NOTE: Fire Barrier
Composite Sheet And
Mat FoE Side Foci"g
Out From Protected
Roem'

Outside Inside Corner

3A" Bit Tip-
Sailf Drilling Screw t
With $A* x 1/4 Washer
(6 ' !1*Spacing) _

4- Stri Fire Bonier
Mat M20A

4: Strip of 1/7 Welded
Hardware Cloth

3A' Bit Tip,
Self Drilling Screw
With %'g x 1/i Washer
(6 1*t 1 Spacong)

*0 **~C*.*~. *..e.
.-- .. Inn - *.4I.n *O - '*t.

** - *. e.~. 
44. 

SAl, 
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4,
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5300-S2

ILL. 12 3
Fire Barrier
Corner Seams
Protection System

Cloth,



Fire Barrier
Overlap

Cable Tray Hanger

re Barrier Mat M20A
(2 layers)

Fire Barfier Cord 34
(2" Spacing)

ý--Aiuminum Foil
Securing Tape -

(Holds Mat in place
before cord wrap)

Aluminum _Foil
Securing Tape

Second Layer 2"' Overlap/

End ViewAL

First Layer 2" Overlap

II 'IR101Z5-1)-2
ILL. 13

4'$ DA ? Re V 0

-. ... T.::',z~":~.<- ~ 24AUG82Fire Barrier 3
*0 C**ti.p''.*. .%Z ,S-f S o*.*.~.. **.C. ", V* ael l ' £ Cable Tray

~J.F.X RE NE I. X Hanger System
Electro- Products DIvision/3M 3M 5300- H 1

Section
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Support Connection Point

7'

Fire Bante
..(First

FPi Bodoe Met M20A
(Second Laver)

.% Welded Hardware

Power Actuated D.N. Pin,

FirstLayer

'*~ '-2"Border

S ec on"d Layer

ILI

Note: Stagger Seamns

% Welded Hardware Cloth

-See Drawing
1 30411)

oWrap Detail
Wrap Enthe Length

Overlap Support End
-As Shown With
Fire Barrier Mat M20A
Before Support Wrap

%½ Welded

we" ot .- we0 3. " ~. =em to be4a* too to,
4! Ofte. *. 00661, ~)MO uWN as .h0~

of as C.- we.. ft.Awo lbe 004"S..

ISMLA OAYE

3 124/AUG/62

oil.F.KREMu1gC

5300-H2

Fire Barrier'
Raceway Support
Connection
Point Protection.
System R10125-1 '-2

.... AILL. 14



3/8" Threaded Rod
(2 on Each Upper Unistrut)
(See 5300-T-1 2-1)

1/4"f Fire Barrier Composite Sheet
Foil Side Facing Outward

4" Strip Fire Barrier Mat M20 A

4" Strip of 112" Welded
Hardware Cloth

See 5300-T1 For Construction
Details RO 105I-

ILL. 15

Alt ~ ~ ~ . -II*,~fI I0Ifl*d . ,..e . .1,4 Il1Ihna~
ond'. ... * bn.Wdzttn 1,111 I*l.9" to be fell
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'J.F. Krenik
J.R. Tu zinski

'M.A. O'Hara

5300-JA

Fire Barrier
Junction Box
Protection S.Ay-stem



Floor
Slab

Composite Sheet
Foil Side Facing
'Outwards

Seams Per
5300.T-12A and 5300.T-12B
5300-Sl and 5300-S2.

R 10125-I 2
I LL. 146

W*4MQ4d Co 0-1101,, JIM shall n01 be 1M,00t, -,
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-~ 0404 o00.0, f~hthd to "e defect.". JunctionBo
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Conduit

zFire Barrier Mat U20A

,Butt Seam Taped
With Aluminum
Foil Tape

Conduit/

Fire Barrier Mat M20A

Fire Barrier MOILM20A

Foil Tape

-Fire Barrier
Cord 34

" Maximum

First Layer Mat
Second Layer Mat

Min.

NOTE: Install Fire Barrier Mat With Ahiminum Fog Out

R IOIZS-I,)-2
ILL. 17

I./ AluminumTape
Depending on~ Desired

Fire flting, Firet~arrier
w- A Mat is APPted in From

25Layer

Atter¶rate Layjers ci Firebamer
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the pr,3vXx Layer bq 25-50
of Met Lengit, anid Taped EdgLes

are notatiod 180'
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Conduit
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CONDUIT/FLOOR INTERFACE. DETAI L

R10125-1 "-2
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FURNACE TEMPERATURES
it 12025-1

December 21. 1982

Underwriters Laboratories Inc.
Fire Endurance Test

.60

50

T101 IHI Il 1 11111 il Il Ioo ll il '1 1 H -l , I IIi ii 4 0

~LI L ~ ' ~ Ij C H-AL rY E I,'

Ii Jil H ,l il.*1
*

Pit 4J441j .~I1I 1VL~.{~i _______ C ALTYPE

~ II HH~rV I *~::H 1Z0A

ime Temperotu're Curve-

i, C1H.AL TYPE.K
10 1 8011 0. 12',20' 1 2200 12400 0

ILL. 2 1



DDIEKXcJ

Z/C-NOa IPAdG
(2 CIRCUITS)

7/C -NO. 12 AWCa
(3 CIRCUITS)

I/C-300 MCMA
(I CIRCU IT)

+120V DC,

T OOOn IOAICTYR-)

U-,r-O r--O 0 CABLE CINDR.
A i 1 I 1c F CONNECTIONS

AM4Y Ct4DI.TouCHIIW.1  IF TWO o4DRS. SHORE. TO)GTHR
THE ABL TRA COt4.CURREHT WILL FLOW THROUC314

l~b WILL CAUSE CURRENT TH4E YELLOW L.E.D. (2A) AV40
FLOW TIRROUGaH YELLOW RETUPW~ THROUGA- TRE. REV
L.E.D. To NEGATIVE L.E.D. (25), JNDICAXII4G A SHORT
OF SUPPLY BEWEE}K CKDRS.

ELECTRICAL CIRCUIT INTEGRITY
(TYPICAL- EAC H SYSTEM)

R10125-11-2
ILL. 2
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3M COMPANY
MARCH 3, £983

CHAN(NOS.) 90 9192 ?3

272.7 70.5 70.5 141.34 78.8 71.9 70.8 171.76 85.5 75.4 71.e 200.18 91.4 80.6 74.2 193.2to1 96.2 85.6 78.2 188.9*12 105.8 91.1 84.7 193.514 £13.6 99 913.8 214.416 125.5 109.2 107.5 302.718 143.6 ±21.2 120.8 358.420 150.8 134.8 132.5 40422 178 .6 14 9.9 147.9 441's24 206.4 167.5 172.7 475.8ý26 .20S. 2 197.3 199.6 507.22e 203.3 209.3 207.4 541.630 269.9 209.6 208.6 572.632 286.7 212.9 214.1 60S.634 304.9 236.5 220.-2 644.536 322.4 269.7 2-33-4 677.8
-383 341.7 291.3 245.1 710.S40 361.3 309.5 263.6 748.542 380.6 327.4 283.2 778.644 400.2 343.8e 300.2 805.146 419.5 3S9.2 317.3 828

so4S9.1 387.: 350.6 87S..7
4S 488 4391 373863.4 850.4

518Si.3 426.2 397..9 1028.9538 439.2 413.9 1096.9

ILL. B19



3M COMPANY

MARCH 3, 1983

CHAN(NOS.) 94 95 96 97

TIME*MIN.)
2 84.6 101.9 131.5 198.2

118t.8 162.6 220.7 234.3
6 195 200.9 373.2 341
8 204 197.5 477.S 432.6

*10 203.9 196.1 571.1 502.7
12 204.8 197.5 651.7 563.7

*14 209.2 197.9 %±9.9 590.7
*16 233.8 ±96 788.6 627.3

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
.24 420.5 354.7 907.4 780.6
26 463.9 368.9 942.9 817.5
28 493.3 405.4 987.5 844.9
30 521 454.5 1032.4 865.3
32 548. 4 502.4 ±063.6 885.6

*34 576.4 547.1 1089/.2 898.8
36 603 5se. 9 11±9.6 912.4
38 627.3 618.2 1147.1 933
40 651.6 646.9 1172.3 965.4
42 676.6 675.6 1192.5 986.8
44 704.9 704.S 1210.2 1002.6
446 734 7421225.6 1019.3
48 767.4 765.5 1232.9 1041.8
50 8±3.8 802.1 1240.6 1077.7
52 885.7 853.4 1266.8l 1147
54 990.6 924.5 1294.4 1237.2
56 ±1109.4 1016 3 1312.S 1292.9
58- 1199.1 1iO 13'17. 2 1307.7
60. 1246.4 1i7i.. 1308.4

R10125-2
ILL.q2



3M COMPANY
MAP(CH 3., 1963

CHAN(NOS.) 9-91 92 93

TIME(MIN.--)
2 72.7 70.S 70.5 14J.. .3
4 78.8 71.9 70.8 171.7
6 85.5 75.4 71.8 200.1
a 91.4 80.6 74.2 193.2
10 98.112 85.6 78.2 168.9
12 105. 8 91. 1 84.7' 193.5
14 113.6 99 93.8 214.4
16 12S.S 109.2 10 7. 302.7
16 £43.6 121.2 120.8 358.4
2.0 150.8 134.8 £32 5 404
22 178.6 149.9 147.9 441. S
2-1 206.4 167.S 172.7 475.8

205 2 197.3 199.6 5. 07.22E. 203.3 209.3 207.4ý 541. 6:30 269.9 209.6 208 6 572 6ý
32 286.7 212.9 214.J1 605.6
34 304.9 23 6. S 220 2 644.5

322.4 269.7 .233 4 677 8
341.7 291.3 245 1 710.5

40 36ý. 3 309. S 263 8 748.S
42- 380.6 327.4 283.2 778.6

41400.Z .343 8- 3 00 2. ?805.1
419.S 359.2 317.3 828

49439 1 373.8 334 4 850 1.
459.1 387 9 350 6 875.7
478 8 401 366.2 911.4
498 6 413 S, 382 9 63. 1
sile 3 4,26 2 397 9 10,29 9
53e 439 24135109.
S,57 5 4S2 429.4 1.5

RI 01 5 -2
LIL. B19



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 110 111 112 1

*4 71.2 71.3 71.2 71.2
*6. 71.9 71.8 72 71.9

8 73.S 72.9 73.9 73.4
to 76.1 74.5 771.2 76
12 79.5 76.8 82.1 79.7
14 83.6 79.6 98.2 84.8
16 88.S 93.3, 95.8 91.2
18 94.4 87.9 104.9 99.1
20 101.-6 93.8 116.1 108.3
22 1±0.7 101 129.3 118.6
24 121.3 109.7 143.6 129.6
26 ý133.3 120.2 157.4 140.8

*28 146.2 131.S 169.3 152.3
30 156.9 141.6 179 163.8
32 166.7 151.1 188.6 175
34 177.6 161.1 201.1 186.8
36- 189.8 171.7 21S.2 201.5
38 202.8 183 230.4 217.1
40 216.7 194.7 24S.5 232
42 231.4 206.4 260.5 249.5
44 246.2 222.5 277 264.1
46 26,2. 2 241.3 295.3 281.6

48281.7 261.1 315.8 301.7
so 302.6 281.9 337.8 324.3
52 323.7 303.4 360.9 346.4
5b 4 344.9 32S.6 384.7 368.6
56 364.4 348.4 408.5 390.9
58 381, 371.7 432.1 412.6
60 397.1 396.4 455 434.6

ILL



3M COMPANY
MARCH 3, 1983

CHNNS) 106 107 108 £09

2HNNO. 68.6 68.5 68.2 68.3

4 7176936.3 B.

i o 7.77474.9 7.
12 74.4 93.2 79.7 75.8
14 77.6 90.3 86 79.6

*16 81.9 98.8 93.7 84.4
18 87 108.8 102.9 89.9
20 93.t 119.5 £13.5 97.1
22 99.8 130.6 125.6 105.8
24 106.7 14t.9 039.8 116.20

- ~ 26 £14.1 153.8 153.3 127.6
.28 £21.7 166.4 166 139.4
30 129.6 180.3 176.9 iso
32 £37.8 193.5 £88.9 160.3
34 £46.9 210.9 203.2 171.1
36 ±56..7 229.6 218 6 182.8

-- 38 167.4 245. 1 234.1 £96.3
40 178.9 262.6 250 211.2
42 192.6 2810.*4 267.6 226.9
44 203.1 30£ 285.9 243.1p.46 216.2 321.5 305.8 260.2
49 230.3 342.1 326.2 278.2
so 245.8 363.S 347.2 298
52 226 2 386. 1 369.0 319.2
S4 278. 3 409.9 391.1 341.4

Sl294 6 437.6 411.7 364.'4
58 311..1 463.7 433.7 387.9
60 327.5 483. 456.1i 411.11

RIO IZS-2-
ILL. B23



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 1±8 119 120 121

TIME(MIN.)
2,71 71.3 71.3 102.6

4 71.9 71.7 71.4 138.1
*61 735S 72.7 71.8 185.1

8 77.6 74.6 72.8 219.6
10 83.5 78.9 74.5 239.9*1.2 91.1 83.6 76.9 254.9
14l 99.7 89.5 80.5 264*16* 110.3 97.5 84.5 269.4
Is1 120.8 105.9 99.8 275.4
20' 133.7 1±5.8 94.4 280.122. 146.9 125.9 100.4 284.9*24, 160.6 138.2 109.8 29226 L73.6 150.7 117.2 305.4
28' is8.i 164.1 126 327.130: 202.9 177.6 136.6 360.3

322±8.9 190.5 147 410.834 237.9 208.1 156.6 462.7*36 255.6 227.4 166.1 510.138 275.4 246.6 174 551.6
40294 264.S 182.7 594*42 313.1 283.8 196.2 637.2P 44 331.3 305.2 222.5 671.546 356.S 326.6 229.8 702.S
40377.8 349.S 236.5 7335o 402.3 369.9 242.5 762.7
52425.7 390.5 252.5 789.454 448.4 411.5 264.7 814.456 470.9 432.7 278.7 837.258, 492.9 451.5 295.9 858.460 520.9 471.6 307.2 879.6

R11I-



- ......

3M COMPANY

MARCH 3, 1983

CHANCNIOS.) 114 115 116l 117

.TIME(MIN. ý
2 70.9 70.7 71.iJ
4 71.2 71.1 70.9 71.3
6 72 71.6 71.3 71.9
8 73.5 72.6 72.2 73.3

1076 74.3 73.8 75.7
12 79.6 76.9 76.3 79.6
14 84.3 80.6 79.5 84.S
16 90.3 85.5 83.7 90.6
18 97.6 91.5 89 98. 1
20 106.5 98.6 95.8 108.1
22 116.6 106.6 £04.1 119.1
24 127.4 115.3 113.7 130.1
26 138.9 124.6 12S.3 142.1
26 150 £33.8 136.3 152.5
30 160.4 143.3 146.1 16i.S
32 171.8 153.4 155.6 171.5
.34 184.6 1i6-4.1 165.9 181.4
36 198.6 175.6 176.7 193.9
38 213.S 186.9 188.5 209.3
40 228.9 .198.3 202.7 226.1
42 244.2 211.3 216.2 243.
44 259.8 228.1 234.1 260.3
46 277.4 245.8 254.1 278
'48 297.4 265 268.8 296.8
s0 317.9 286.1 284.5 315.5
5? 338.1 307.1. 302.6 336.6
54 3583.5 328.7 322.5 358.2
56 378.7 351.2 343.7 381
58 400.6 374 365.8 404.5

60436.5 397.3 387.5 426.9

R10125-2
ILL. 525



3M COMPANY

CHANCNOS.) 126 £27 128 129

TIME(MIN.)
*2'* 84.S 140.4 98.5 128.4

4 £09.8 175.8 135.2 165.4

6 145.3 20S.6 171.3 193.9

.8 199.6 222 208.2 211.8

1 0 241.2 210.6 228.8 223.5
£2 267.2 217.6 237.6 230

14. 279.2 221.9 236.3 229.1
16. 290.3 220.5 236.5 228.6

18 299.9 226.6 233.5 230.1
20309.8 233.9 237.5 232.3

22. 314 2 723. 1 250.3 243

24 32S.9 339.2 302.9 275.1

26- 340.4 432.1 428.5 343

28 360.7 543.2 556.2 459.3

30 402 764.9 587.1 430.6

32 448.6 763.8 625.8 417.9

34 SO5 796 67245
*36 569.7 832.6 693.8 499.4

38 632.7 866.S 740.3 611.6

40 682.6 898.8 768.2 702.7

42- 726.3 937.7 798.7 736

44 765.5 915.8E 797.8 779.2

46 796.9 929 9825.9 807.5
486 925.5 948.4 855.4 830.S

so 852.7 967.7 860.5 848.8
S2 878.8 988.8 901.3 866.4

54 904.6 1005.4 926.7 891.5
56 930 1037.3 952 912.2
5o 954.9 1061.3 975.6 936.4

60979.2 1091.6 999.4 963.1

S R1OI2.5-2
ILL. 4B28



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 122 123 124 ±25

TIME(flIN .-)
2 77.7 75.8 79 9S.4
4 92 83 93.4 ±36.2
6 118.4 92.3 109.7 172.4
8 149.2 101.5 130.8 209.1
10 166.3 112.9 147.9 232
12 177 134.5 163.8 246.3
14 197.9 146.8 174.7 255.1
16 204 ±60.3 182.7 263.2
18 209.9 £72.4 190.5 267.B
20 217 192.22216 7.
22 234.8 21309.9 20138 281.8
24 242 232.9 226.8 294.3
26 . 2S2.4 .276.1 245.6 312.6
28 - 264.2 338.5 275.4 345.7

38288.2 382.3 338 416.2~32 316.4 410.2 394.S 9.
343.4464.1 464.1 568.4

36 397.8 S19.3 S22 617
38 442.7 579.2 S74.8 652.8
40 488.3 638,2 624.5 685.7
42 533.4 695.7 671 713.3
44 580.5 749 713-8 739.5
46 629.3 799.6 752.4 768.1
48 673.9 847.4 764.9 797.3
so 706.6 887.8 815.4 828.1
52 731 2 924 3 844.7 858.4
54 754.1 957.3 872.7 688.7
S6 775.5 987 1 899 918.3
s8 797.3 1015.2 923.7 94S55
60 819.9 1043.S 947.9 975.1i

R1025-



3M COMPANY
MARCH 3, 1.983

W CHAN(NDS.) 134 135 136 137

* TIME(MIN.)
2. 76.8 86.5 7S.4 72.1.
4 '89.9 109.4 88.4 78.1

* 6 106.3 137.5 108.3 85.5
8 124.6 169.2 13S.1 93.3
£0 142.8 208.8 156.4 100.9
12Hj 157.4 237.4 182 £09.1
14 £69.2 261.8 202.4 117.4
16 174.3 277 208.9 125.3
18 185.2 285.4 233.2 131.8
20 194.5 281.1 239.9 137.1
22 220 4. 3 279.5 250.3 142.3
24 21S.5 277.4 262.2 149.4
26 232,.8 280.1 275.1 156.3
28 261.1 288.5 291.4 168.1
30 324 31:1.2 323.4 194.1
32 372.4 346.6 359.4 228.7
34 436.7 390.4 404.6 265.1
36 494.7 436.7 . 458.8 302.4
38 S46.9 486.7 507 33S.7
40 599.2 534.6 556.2 370
42 652.2 584.9 603.5 409.5
44 699.3 641.9 647.8E 453.7O 46 738.7 685.7 674.7 496.8
48 771.4 719.4 699 541.5
so 802 749.9 721.7 580
52 830.5 779.9 739.6 612.2
54 858.4 808.1 757.4 640.1
56 885.2 834.5 776.7 667.2
5e 911..9 860.4 795.3 695.2
60 937.8 884.8 813.7 720.8

R10125-2
IL. 3



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 130 131 132 133

TIME(MIN. )
2 97.7 93.S 87.3 77.2
A 137.1 125.7 114.3 87.6
6 169.8 166.3 147.6 99.7
a 201.2 191.1 199.8 1±1.2
10 217 202.6 226 124.1
12 22S.9 211.3 247.S 137.6)
14 218.6 217-9 263.4 154.5
16 215.2 221.8 276.2 165.6 F
18 188.9 229.6 284.6 181.9
20 192.2 233.3 293 199.8
22 202.6 242 301.7 210.9
.24 234.5 247.4 315.1 217.4
26 269.7 263.4 331.2 25S.9
28 326.3 284.3 352.7 307.7
30 475.2 468.7 396.6 347
32 498.8 554.4 452.S 380.7.34 614.7 648- 516.6 4S6.2

366S7.4 709.6 580.4 S14.i
38 744 677.4 634.83 575.3
40 761.2 688.3 683.3 627.4
422 800.7 713.3 722.4 674.9
44 824.6 736.4 755.5 722.4

4'846.4 761.2 784.4 768. 2
48868 795.6 8±0.6 810.1

so 889.7 828.2 836.1 849.4
52 911.3 8S4.4 861. 6 8835.7
S4 932.9 883.3 886.9 919.7
S6 953.8 912.3 911.8 950.6
s8 973.9 941.5 936.3 980.1.
60 993.5 968.6 960.1 i009.8

RIO01!5-2
ILL. B29



3M COMPANY

MARCH 3, ±983

* CHAN(NoS.) 142

TIME(MIN.)

8 183.5
10 207.9
12 217.7
1 4 255
1 6 299.7
ie± 343.6
20 391.5
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 74S.9
40 781.4
42 8±5.8. 44 848.6
46 879.5
48 909. 2
so5 938.8
52 967
S4 993.9
56 1019
s8 1043
60 1066.2

R 10125-Z

ILL.iB32



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 1-38 139 140 141

TIME(MIN.)-.
272.4 79.9 81.2 84. 2

4 79.7 94.2 97.T, 10 4.'16 92.3 ±13.2 115.8 133.;28 08.8 144.7 151 173.4
10 24.8 179.6 189.8 20312 136.9 216.4 21B.1 218.614 169.3 250.6 247.8 255.216 179.7 308.9 289.4 320.518 97.5 349.8 341.3 371.7.20 217.7 392.5 39542.22 235.7 437.7 449.4 476.924 51ii. 8 482.1 501.9 523.226 269 525.3 553.1. 566.128290.3 566.9 601.3 612.530 324.2 606.9 646.8 657.432 351.8 645.5 691.4 701.134 386.5 683.6 738.4 746.836 424.3 721.1 786.1. 792.5ý38 468.5 758.8 831.8 836.1..40 510.8 797 87'E;.4 877 .242 550.8 83S.3 916.6 915.744 597-7 8 722.-3 954.3 951.646 646 908.1 990.198.

48690.4 941.5 1026 1022.7so 726.5 974 1060. 5 1056.S52 7S9.3 1006 1092.2 1854789.9 1037. 4 112 3.81. 1118.356 819.2 1067.1 1152.3 1146.3SC 846.9 1095 1178.7 4±172. 660 872.9 1121.8 1204.1 1197.9

RIOI25-2
ILL. B31



3M COMPANY

h MARCH 3, 1983

W CHAN(NOS.) £62 163 164 16S

TIHE(MIN.)7-
2*1 72.7 73 71 7.

4 77.5 78.7 74.6 71.3

6 84.7 86.3 80.2 75.1

8 94.7 98.2- 66.6 82. 2
£0 105 112.5 96.2 92.7

* 12 116.3 127.5 106.6 £03.9

14 130.5 14S £17.3 £16.0

1 6 148 £59.6 £31.4 131.2

Is £8163.4 170.3 £44.6 £40.4

20 17S.i £78.9 £56.3 146.4

22 £84.6 £87.9 £66.8 £57.5S

* 24 £91.5 202.6 178 166.5
* 26 201.1 224 192.5 £82.3

28 224.5 253.5 208.3 195.6

* 30 254 289.8 232.3 210.8 E
* 32 289.5 338.3 260.8 229.4

34 332 382. 2 291.7 255.6
36 364.9 413.6 327.9 286.5

38 393.5 441.4 368.2 320.8

40425.9 474.2 410.3 358.4

42 458.1 504.5 464 399.5

44 499.6 547 520.8 441.1P 46 541.7 588.4 563.1 4830.5
48 581.4 628.3 617.4 512.5

so 623.6 666.3 651.4 532.6

S2 663.9 703 693.5 591.6

54 699.1 736.9 727.2 631.4
56 732.3 768.2 753.5 670.4

58 763 797.9 799 696 -.S
60 792.1 825.3 820 735.5

R10125-2ILL. 534



"3M COMPANY
MARCH 3, 1.983

CHAN(tIOS.) ±55' 160 11

TIME(MIN. )-
ý2 70.7 70.6B 72.6

..4 72.3 72.S 77.8
674.8 74.9 8S.6a

8 78.6 78.6 94.2
10 184.2 83.7 103.7
12 91.1 1 90.3 114.7
.14 99.3 98.2 127.2
ý16 109.5 108.3 142.1
18 122.5 121.S 158.2
.20 136.8 13S.9 172.S
22 151.7 149.718
.24 164.9 162 194.5
26 177.1 173.7 214
2118 187.4 1834. 2 241.4
30 196 £912 .5 28S.3

32201.3 199.2 .33S. 9
.34 206,S 205 372.9
36 211.5 208.2 403.6
38 217.9 214.9 .431. 6

40224.7 233.S 472
42 237.8 249.3 523.2
44 282.8 268.3 576
4 6 31.0.8 292.9 627.7
48 336.2 317.9 676.s
5.s0 363.1 342.1. 721.7

52390.3 367 753.6
54 418.S 393.4 785.6
56 447.2 420.6 816i.3
58 476.5 448.7 852.9
60 505.3 476.6 878.3

R10125-2
ILL. B33



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 1.70 171 t7217

8 77.5 70.3 15.6 £69.7

10 80.2 78.2 168.8 180.6
12 83.3 61.4 176.9 189.6
14 86.8 84.7 185 193.8
16 90.7 88.3 194.2 203
18 95.4 92.S 205.1 215.3
20 i01.i 97.8 2,22 .4 239.2
22 108.5 104.8I 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
30 154.3 156.3 380.2 460.1.
32 173.4 177.7 408.9 500.7
34 196 202.8 438.7 536
36 210.2 210.1. 483.4 572.1.
38 2i0.S 211.6 522.8 593.3
.40 210.7 216 546.4 626.6
42 210.7 230.1 559.5 6 S2. S

44228.7 242.3 570.9 676.3
46 268.8 258.2 584 698.-4
.48 292.1 276.2 597.4 724.9
so 313.9 295.7 611.3 752.7
52 337.4 316.6 628.3 775
S4 361.3 338.S 641.9 793.6
56 382 361..3 654.9 806
58 404.6 384.3 662.8 822.3
60 429.2 407.5

R10125-2
ILL. B3(o



3M COMPANY
MARCH 3, ±983

CHAN(CNOS.)

TIME(MIN.)

.4
6
8
10
£2
14

20
22&.

24
26
-28
30
32
34
36
38
40
42
44
46
48
so
52
S4
.56
58(

166

7±
72.9
7S.6
78. 7
82. 3
86. 4
90. 9
96.4
102.8
1±0.6
119.7
130 .6
143.2
±55.9
171 . i
179. 8
192. 1
200
209.3
2±0
210.4
248. 2
277.7
300.4
320 .6

337.9
W358.-6
380 '7
4 03.22
4 27.

167

70 .3
71.9
74.3
77.3
8£
85.2
90. ±
96.7
103. 7
111.8
120 .7
130 . 8
143.S5
158.4
174 .18
±87. 4
199 *E*
209.3
214
222L. 8

233 .8
251 .5
268. 7
287.9
308.9
330 .4
352
374
396. 4
4±8B . 7

16S

71 . 1
72.5S
75.3
78.9
83
87.4
92. 1
97
102.4
108.7
116. 3
125. 9
±38. i.
±5±
16S. 8
182. 4
±98. ±
217. 2
219. 7
2221 . 2
235
301t.7
328
355. 4
381 . 3
406. 2
430 .2
4S4 .9
479. 2
503. 7

169

85. 2
83 . '2
80.3
76. 8
.73

68. 9
64. 6
S9 .9
55
106. 1
1±5.6
127
140.8
157.2
174. 8
±9± . 9
206.61
2 23. S9
234. 3
253.e-
273. 8
297. S
322 .6
347. 1
370
394. 3
418. 5-'
443. 4
468
49J. 7

FZtO%25-2
ILL. 535



3M COMPANY
MARCH 3, 1983

CHAN(NOS.)

TIME(MIN.)

4
6

a
±0
1-2
14
16
i8
20
22 £

24
26
28
30
32
34
36

* 38
40

* 42
44S 46
48
so
52
54
56
.58
60

17B

70.5
-'70. 6
*70. 9
71. .6
72.9
75
78. 1
82. 6
88. 6
96 .4
105.1
l14.4
123. 5
13±1.6
140 . 1
148. 5
±56.8
±65.2
174
186.2
206.8
219 .2
234 .1

256
283. 1
3±5. 1
347 .7
384 .2
418.2

R10125-2
ILL. B348

179

70 . 1
70.3
70 .9
72. ±
73.8
76
78.9
82.2
86.2
91 . 3
97.5
±05. ±
1±4.8e
126.2
138. 8
152. 4
±67. 1
±83. 2
201 .1
205. 5
210,9

250.7
270. 2
290. ±
3±0.5
331 . 3
353. ±

±80

70. S
70 .6
70.9
71. 8
73
74.8
77
79. 6
92.4
85.7
89. 6
94.6
101. 4
±09.9
±270 . 7
±32.3
145
± 56
±66. 3
177
±89. 6
207 .7
-27. S

348.5S
378

i8±

70. 3
70 .4
70 .6
71. ±
72 .1
73. 4
75.2
77. 3
79. 7
82.6
86. 1
90 .3
96.2
104.4
1±5
1 26. G
139.5S
±50 .7
159. 4
±70.4
±83. 2
191 . 3
196. S
201. .3
237.8
263. 4
289. 7
317. 7
348.1



3M COMPANY
MARCH 3, 1983

CHAN(NOS.)

TIMECMIN.

6
8
10
1 2
14
.16
18a
20
A..22

24
26
28
30
32
34
36
38
40
42
44
46
48
s0
52
S4
56

174

110.8
137.2
150 .4
161
166.2
171 . 1
174.4
182.3
202. 1
2,33.5
2,272 .9
319.5S
3S9.3
394 .8
433 .8
438.8
459 .7
500 .3
516.S
538.9
558 .3
S92.3
610 .9
630
644 .3
666
690 2
7t3. 4
738.7

R10125-2
ILL. B37

17S

70.2
70.9
72 .6
75. 7
80.6
87.2
95.8
106. 1
116. 2
128. 3
139
149. 1
157. 6
t68
180.
196. 6
2'0o 2

272.*2
306. 7
344. 8
387.2
432. 9
478. 9
50 . 5

608.8
649. 1
686. 7
720 .8

176

70.6
70.9
71 . 6
73
7S.
79
83.8
90 .2
98. 1
107. 7
17. .8

127. 6
134. 2
142
150. 6
162. 1
177. 6
196.-3
217. 1
.239
267.6
302. 6
340. 2
378
424. 3
515. 3
557. 9
597. 6
643. 4

177

70. 1
/70.4
71.. 1
72.7
75. 5
79 .8

93. 4
103.5s
115
126. 1.
135. 9
145.- 2
153 .9
162
170. 4
179 2r
188. 9
200.8
216. .2
235. 9
250 .9
271-.9

339. a
381
415. 9
444. 6
47S. 7



3M COMPANY1 ~ MARCH 3, 1983
CHAN( NOS.) 186 187

TIME(MIN.)
21075. 8 1173.7

4 '*1198. 5 1284.2
6 :1390.4 1365.9
8 1475.5 1344.5

* o 1463.9 1324.7
±2 1440 1401.6
14 1462.e 1447

* 16 1479.6 1464.4
18 1463 1447.4
20 1470.6 1454.1
22 £485.9 1514

* 24 1497.7 1490.5
26 1531 1508.9

* 28 1538.2 1510.3
* 30 1533.3 1523.9

32 1536.7 1527.9
34 1535.4 1517.3
36 1546.7 1572.2.

38 177.9 1605.7
40 1565.7 1617
42. i569.5 1614

44 158.7 1628.8
46 .1579.7 1640.9
48 1604.6 1651.7
50 1601.2 1665.6
52 1601.9 1676.7
54 1622.9 1684.8
56 £628.6 1693.4

581637.9 1692.5
60

R112-
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M OM. 24 WlDe. 4"DEeP (3sr-AbeL LOADING DEPT1H) OPE14-LA!DERZ CAfLE TRAY sSVSet-A.

MOM. a,.3 X;* STEfL AHGLES RESTING ON STE. L REIbIFi E MECiOF FLOORt SLAeSI (INVERThD TYPE 8149- ST!ZEL bosr~~x E4WMEL[Et TO CABLE MRAY SI1)E-RAILS ON BOT14 :Stbor- oF CABJLE
'MAY AT 50T14 ENDSb OF CASL.E7 TRAY SYiSTEM.

WEAZCb TRAPE=r SrfmPRT SZCOREYD 1V FLOOR SL1

CABLE TRAY SYSTEM DETAILS -

SYSTEM NO. I

(TEST ASSENABLY NO.?-)
R101Z5-2

'ILL. U



I- NOM. 4"kZ4"OPEN-LADDER STI. CABLE TRAY 'V/MINIMUM CABLE FILL.
2-MOM. 5"0 RIGID STL.CONDUIT Wv/MINIMUM CABLE FILL.
3 -IZ" IZ'x a' SIL. JUNCTION BOX bV/NOM ?",I RIGID STL. CONDU ITw/MINIM4UM CABLE FILL.

NORTH

TEST ASSEMBLY NO. 2-

R10125-2
ILL. 25



Li

7/C -NO. 12 AWGj
2/c -N'o I. IAwr,

I-

(ANOM. 12'x 16'xa C STEEL JUNCTION Boy. SECUREWW/J- IIZSTUEL ROIDS,*/NUfS &WASHERS, INSTALLED THROW14 FLOOR SLAB.

@NOM. 2"0 RIGID STEEL CONDUIT SySTzM.

®NO.- 53*Z"xi*"STfEL ANGLES RESTING ON FlooRk SLAB ANDWELDED iTO 50TH SIDES OFr CoNDjUmT

JUNCTION BOX AND CONDUIT DETAILS-
SYSTEM NO. 3

(TEST AssEmBLY NO.?-)

OR10125-2
*ILL. 28



RAD.

mom. 5444 RIGID STEEL C.oNbUIT SYuSIT-PA FOR SVGTEM

(@ 140M. 3"x34*' *STEEL AN6LES RESTING ON STEEL RGINMFRCEMENT'OF FLOOR SLAB&(IMVERIT&D I YVE 814Z STEEL JOI STS)AMD. WELDEDTO 1BOT14 SIDES OF CONDUIT AT BOTI.I ENDS, OF C024buIT.

CONDU IT SYSTEM t~ETA I LS -

SYSTEM NO. 2
(TEST ASSEMBLY NO. 2)

RZ10125-2
ILL. 27

SYSTEM DETAILS-



4" Wide
Mat M20A and 112"f Welded Hardware
Cloth

One Layer of Mat M20A Per 5300-C5 l00 .12 11.-

Detail 1 Detail 2 1 LL. 29

.- C! -.-tn .n*I. b. ltatOn - i a. sQ t4 to be
fto. K.00 . ..-. t..t~l 3 0-1.1,0 '1. 0. ,9.a I0we' do. b-1- co."'~a. 3M~ tthasif q bi.. I' .U.0
tha.. tn '0.,1 3k, hay11 Ob.~y tt Is

... a. 1.0I by P ~ fot un0d0 to b. 8*~,-ao

Electro.Products Divisioni3M 3M1

ISU DATE

.4113183 IREV IJCH,

14111 10J.R. Tuzinski
'JAF Krenik I.-P M.A. O'Hara

5300-C6

Conduit -
Junction Box
Protection System



00

-LJ

wj

LU

LL.

Lj' ~ ' %~-

0)

A-

- 4

40



Cý
(AI
rn

-n
:0
U)

CA

CA)

to
en
m1
X

a)

C>)



FURNACE TEMPERATURES
It 10125-2

Marc h 3. 1963

Underwriters Laboratories Inc.
Fire Endurance Test

71 1 -1 . I

ILL.32
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R10125-1 Page Al Issued: 10-19-83

A PP E ND IX A
TE:M PE R A T U -6 ET 0F T E- AS SE MB L Y

LOCATION OF THERMOCOUPLES:

The temperatures on the cables, steel conduits, steeljunction boxes and within the electrical protective systems onthe exposed side of Test Assembly No. 1 were measured by108 thermocouples located as shown in ILLS. Al through A6. Thetemperatures of the furnace chamber in the "U0 of System Nos. 2and 3 and in the "U* of the cable tray receiving the cable airdrop of System No. 1 were measured by three thermocouples placed12 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, steeljunction boxes and within the electrical circuit protective
systems on the exposed side of Test Assembly are shown on thetables in. ILLS. A7 through A35. The temperature of the furnacechamber measured in the "U" System Nos. 1, 2 and 3 are shown on
the tables in ILL. A36 and A37.



(ooDP x 124'WIDE
CABLE TRAY

(2130 C

(2) Z/C- I& AW6

91-93

-I2"M 12'g 6wSTL.
JUNCTION BOX

107

-7/C-17-AWG

300

CABLE AIRJ)DROP T14E~RMQCOUPLES-
SYSTEM NO. I -2/C-I&AWG

.9

o40 *--
> N
rs, Ln

I



I- 1XI2'x26r STL. JUNCTION BOX W/CABLE DROP-OUT TO 12" CABLE TRAY
2- NOM. 500 RIGID STL. CONDUIT 1/40% CABLE FILL

-3-NOM.510 RIGID STL. CONDUIT W/MINIMUM CABLE FILL
4- I20I2x6"vSTL. JUNCTION BOX W/ NOMA Z'0 RIGID STL. CONDUIT w/

MINIMUM CA13LE FILL

NORTH

NOS. 139-1168

NO. 293.

NOS. 261-285

NOS. 91-1008,259,

NO. 292 f NO. 294

NOS. 1(09-198

(TC. NOS. 292-294 LOCATE.D 12- BELOW FLOUR IN 'U "OF SYSTEM)

THERMOCOUPLE LOCATIONS R10125-I
ILL.'AI



139

140-

1421143,144

147

1102

57,,158

155

- --ý \- 154

166

1433 ,f64 A17 ,I(38

152, 159

142,149 ,156

CONDUIT AND CAB3LE THERMOCOUPLES-.
SYSTEM NO. 2

R10125-1
.ILL. A4

,I IV J4 14, Itt 147
Ai "14.1*1 '116y,160.,16 

1.. I&F



286 0 N 8

TC LOCA.IO

1TIR LOATRION SET~~AH ~~CINe

2867 INSIDE PROT. EIICDLSURE-j CONTACT BEWEENCY COFPIT COPIFI
FIE6ARRIER SH4EET A5E &ATR 4 JUNCTION EIBOX

286 INSIDE PROT. E14CLOSURE MVIDWAY' BETWEEN' COMPOSITE rftJF.

IMRRIER 5S4EET AND SIDE OF JUNCTION BOX

JUk~CTION BOX A14D
ENCLOSURE TH4ERMOCOUP'LE-r-e-

SYSTEM NO. I
R10125-1
ILL. A3



7~ 7/C-No. I2AWG
(1)~ 21c -No. i &Av

283

U49

277-`

278 ,279,280
283,284, 28g 70,272,273,274,275

(2/c -NO. 16AWG)
N-28

-261,266,;271

CONDUI(7/ -No. F ANNWG)bCONUITCALE ND UNTIO BX THERMXOoUPLF-S
SYSTEM N.

R10125 -1
___ ___ ___ ___ __ILL A (

.I. ... ..-. -

-270.,284

27V



3M COMPANY
DECEMBE.R 2i, 1982

CHAN(NOS.) 10 a. 102 103 ±04

TIML(MIN.
2 6S.8 66. 1 67. 1 66.1.

4 -.65.9 6 7. 66 66. 2

6 :66.4 70 69.8 6-7

8 67.8 75.6 73.9 68.3

1 U 70.6 87.7 83.2 70 3
12 74.9 103. 6 96.5 7;:*' .

14 8±. 6 112. 8 105.2 7S.3

16 85.9 121 .3 111. 1 79.2
is6 91 .1 129.8 112. 2 83. 1

20 94.5 133.5, ±20. 3 87,5

22 98.4 149 126. 9 92
24 101.9 161. 7 134. 1. 96.7

26 105 8- 17l.6 40. 9 t02. 2

28 ±10.s 184. 1 150.4 ±08. 4

30 1.16. 1 201 .9 163 .3 115. 3

32 120.3 216.6 173 123 .2

34 ±24.6 232.2 ±83 .i 131±f.

36 123.6 25± ± -. 96 142 .2

36 ±-4 .5S 275.8 E3±11. 1.9 1M3 '3

40 ±42.6 289.7 223.8 ±66.4

42 147.9 307.4 241.5 182, 7

44 156.4 338.3 260.1. 201.2

46 169 379.2 280.8 223

46 164.6 406.7 302.5 244.2

.so 201.3 434 324.7 26S.2*
52 216.1 467.3 356.i 264 ~3

ý54 244.4 503.6 38S.9 30S.2

S6 277.1 529.6 406.4 328.9

5R. 299.6 554.6'. 429.8 349 .:,

60 320.7 57..4S4.8 369.9

ILL. MlO



3M COMPANY
I)LC.'EMBE.R 21, 1,982ý

CHAN(NOS.) 93 94 95 9 4

TI~L(MEmI N
275 6S. 1 67.7 73.
4'-7S. I * 64.8 67.3 72.9

6 :7S. 2 * 65.4 69. 1 73.5
8 :7S.3 * 67.1 71.3 73.7
I0 7S.7 * 69.9 74.9 74. 1.12 76.4 * 75.3 87.6 77.1.
14 77.7 * 83.3 99.2 85.1i
16. 80.4 * 90.5 1.09. 4 95
i8 8S. B * 97.5 1e.8.1 1.03. 3
20 96.6 * H.9.3 t24.6 iii

211±8.3 * 1.40.4 129.t 1.17. :1.24 t61.S * 1.62.4 134.1 121.26 204.8 * i77,1 142.1. 124,628 226.4 * 187.3 154.3 141. 1.30 237.2 * 194.1 1.78 1 5432 24 2.6 * t99.4 191.3 1~.70.8
34 245.3 * 204 .2 200. 1 19t. B36 246.6 * 208.5 209.2 20338 247.3 * 209.-6 218.2 206.440 2 47. 7 * 209.6 22S.9 210 242 247.0 * 209.9 233.9 2 12 .4"44 240 225.1 242.6 2 12.5
46 266.3 234.2 265 2 1:.*.348 287 2S2.6 301.5 '213.5
s0 308. 7 287.1A 333.S 2 14 -7

S2331 329 359.6 227.9
S4 354.2 354.9 379.7 239.4
S6 368. 5 372?.3 400.5 25 S
58 3 '77. 8 389.1 42-3. 269 960 382. 9 398 442 .4 292. E'

* IND:I:CATES APPR~OXIMATE TEMPERATrURE

R10125-1I
IýLL. 4



3M COMPANY
DECEMBE'IR 21, j9~

(2HAN(NOS.)

TIME(MIN.

4

* INDI[CATES APP'ROXIMATE tr, 1uff

R10a5s-1
ILL. A 7

16
18B
2(0

24
26

30
32
34
36
38
40
42

44
46
483
SO

54

75 1.- *
75. j.

7S.3

76.4!
77.8 *
80.5*
B6.i e
9 7.2
J.19. 4*

230.2*
241.3
246.9*
249,6 '

251, 7
2S2,i.7*
252.2 *

252. 4
26&3 . 7
302.5
336
360 .9

452 0,

k

778

78 2

IL 0 0 . f:.
J.26 S;
-1. 78*

1?9,

>-8 . 1.

e2'77. 8
`79. 4

307. e.
331

W3 -3

431.
4 p4



3M COMPANY
DECEMBEER 21, 1982

CHAN(NOS.) ±02. 102 103 ±04

TIME (MIN. )
2 6S.8 66.1 67.1 66.f.
4 --65.9 67.21 68 66.2
6 :66.4 70 69.8 67
8 67.8 75.6 73.9 6B.3
(IU 70.8 87.7 8 3 .2 70 3
12 74.9 103.6 96.5 7;) I ý5
14 816112.8 105.2 75.3
S16, 8S.9 12l.3 ±11.1 79.2
1o 91.1 129.8 112.2 83.1
20 94.S 138.S 120.3 87.5

2298.4 149 126.9 92
24 101.9 161.7 134..1 96.7
26 10 5.8a 17i.8 140. 9 102.2
28 110.5 184.1 i50.4 108.4
30 116. 1 201.9 163.3 115.3
32 120.3 216, 6 173 123.2
34 124.6 232.2 183-J. 131. 0
36 i23.6 251 .6 196 14,. 2'
38 1.34 .5 275. El 211.9 V-23 . 3
40 142.6 289.7 223.8 166.4
42 147.9 307.4 241.5 ±82.? "'
44 158. 4 338.8 260.t 201.2
46 t69 379.2 280.8E 223
48 ±64.6 406.7 302.5 244.2
.50 201.3 434 324.7 265.2
52 216.1 467.3 356.1 284 3
54 244.4 503.6 3853.9 3 05[<?,
56 277.1 529.8 406.4 328.9

58299.6 S54.6 429.8 349 :
L.( 30. 57, 454.8 369.9

ILL. Mlo



3M COMPAt4Y
DECEMBEIP 21, ,Y@21

CHAN(NOS. 97 98F 99 ±00

TIME(MIN_)
267.2 66.3 65. 6`

4 66.9 66. 3 65. 8 65. (3
6 67.7? 66.6 65.5S 6S. 9~
a 68.6 67.8 6 6.?' 66.?7
10 69,6 68.5 67.9 68.2
12 73. 1 71.7 69.4 70. P
14 80.4 7813 73.4 75.-i.4
16 92. S 86.3 78, 6 ,-j 2
18 108.6 94.8 891 f;. ' 6
20) i19.e 10 0. 2 ±0C. 9 9 3.3

12 24. 9 ±05.3 109. 0 98
24 128.5 0)9. 9 120.? 7±03, 5
26 133. S 1±8. 5 128. 4 it10) .

21 49.7 t31. 9 t36.t 1 16.2

.32 172 156.ý3 146. 9 t40 . 1.
34 ±85. 6 177' 9 , Z2.9 14 1. .1
36 197. 2 193.6 e±87.7 14 8 6
38 203.9 202.2 ±97.'?9 17 4.
40' 206.8 204.9 203.4 i9s

42209 20S.7 207.1 J.J99 244 209.5 206. 1 208.7. 204
4 6. 210 205.7 2±5.6 205
48 209 204. "1227. 9 20.7.
50 20(3.8 203.9 234S. 2 20ý-

S 2 2 060. 8 203.7 2S9.6 206.4
4208.6 203.2 273.1 2'06. B
6208.4 202.2 2688 3 206

58 207.5 200.5 3074 e4:.
60 206.5 199. 3 325 . 4 237. 6

ILL. A



3M COMPANY
D)ECEMBE4.R 21, 1982

WCHAN (NOS.

TIME(MIN.)

B

14
16

20,

* 24
26
28
30
32

* 34
36
38
40
42

039

68.4
67 .9
668 -
68 .3
68.3
68 .3
68 .6
68. 8
6 S. -9
69. 1
69. 6
69. 6
70
70 .4
71 . i
7±1. 7
72. 6
73 .6
74. 4
7S5
76 .8

78. -
79. 3
80. 9
82. 2
83 .7
84 .7
86 S
87 .4
88. 6

J40

66 . 3
58. S

60 .9

63 -3
56. 6

55 . 6
74. 6
76 . 4
78. 4

89. 9

91. 4
94,.7
98. 12
103.-3
107. 5
t12

2 2L U -

RIOIS-1ILL. A IZ



3M COMPANY
DECErIBEIZR 21, 1982

CHAN(NOS. ) 105 106 1,0.? ±08

TIME(MIK. )
266 6S. 7 65. 86

4 65.8 65.6 66.3 6S. ý5
6 66.2 65.9 67.9 66. 5
8 66.9 66.8 69.9 67.4
10 68.4 68.4 73.4 69-1.
12 70.4 70.7 77.3 71 .5ý
14 72.6 73.8 8i. 4 73 .7
16 7S.7 77.8 86 76.9
18 79. 1 8 1. 7 90.3 79. 3
20 83.5 86.i1 93.8S 8j..7ýw22 88.4 91. -2 98,2? 84.4
24 92.1 95.5IF 10 2.' 87. 1
26 97.1 10 0. 4 108.1. 90.4
28 103.3 105.6 113.3 93.8
30 1.12.1 ±10.8 118e2 9IS.?P
32 119.3 117 124 s 103 7
34 125.8 L23.6 132.2 too -1:
36 132.6 130.6 14(D 6) 114. k..
3 U 1.38. 5 ±07 1.64.4 121. 1.
40 143.6 14S.1J 176 S t20.J.
42 149.7 157. a 180.6 ±3S.4
44 157.3 170.1 189. 8 143.1.
46 17S 182.1 200.7 ±50
48 ±,89.7 194.8 214.4 156 9
so 200.5 209.3 229.6 166 e6
02 21GA1 227.5 244.1. 19) 13

T)4 241.4 247.1 26i.t 2 06. c*'
56 259.9 265.6 276.6' 2±5 3

58 277.8 263.6 297.7 2 19
6 0 302.4 301.7 314.9 222. 4

ILL. All



3M COMP~ANY

I)LCEMBE.IR 21, J982

CHNNS. 4 46 147 140~*6?328 67.4 67.6 70.2
4 8867.6 67. 6 670.2

1 2 94.6 7S.5 69.6 70. J
1.4 112. 8.1 71.27
J.6 126.S58. 3 2

±8 41. .8 97.S 75.7 7
* 20 4£52.4 105.2 79.3 78, 1.

22 164. 11£2. 3 83.6 82
* 24 170. 9 ii8. 7 89.i1 86.3

26 177 .7 124. 7 94.9 92.3
* 28 187.4 £31.2 i0±.2 ±00.8

30 ±98.8 £38.9 107.413
32 2±0.9 147.7 ii±5,: ±4
34 220.3 £57 122.7 13±1 .
36 244.8 166.1 129.9 038. 5
36 234.8 172.2. 137.t 145S. S
40 2 40 178.3 144.2 150).5
42 246.6 ±85 ±51.5 ±54.±
44 247.7 192.9 £58.6 156.6.46 268 1201..3 ±66.4 £60.9
48 279.9 211.3 174.5 166.7
50 28'7 .9 220.9 ±82.. Z! 73
S2 296.3 139..t 188.4 179. S
54 .3013.8 236.5 ±98. 6 ±86.8
56 321.2 252.5 207.9 194.4
58 334.8 264.7 217.620
60 350 280. 1 228.2 214.2

R10125- I
ILL. A14



3M COMPAN" "
DECEMPE4IR 21, ±.982

CHAN(NOS.) 141 142 143 144

TIME(MIN.)
2 7 6. 1 67.3 68B.-3 67.3
4 98.3 67.4 70.6 67.6 119.6 67.7 76.8 68S 1.8 130.7 68 .6 86.8G 69.310 137. 9 70. 1 102. 1 71. S12 142.6 72.6 120. 8 74,614 14S. 8 7S5. 138.5s 78.S
16 152.1 78.9 153.6 82 4±8 i55.6 82.A 166 866.5
20 16J. 84.9 174.6 90 3

22166.4 87.8 80a. 7 94.224 171.3 90.2 184. 9 911-26 176.2 92.9 1883 5 101.7

30 186.1 96.9 196. 1. 1t0a.232 190. 99.6 202.4 11.34 196.S .102.3 207.3 115.5
36 .203.7 106 21S5.1 1±9. C38 2 12.5S 10 9.7 227.6 12440 220.6 1±3.7 238. 7 128.80
42 225.7 1±8.3 249.1 1. 33. 0

__ 44 22ý9.6 123 254.4 139*
46 233.7 126.7 270.S 144. 27W40 239.2 130.7 280.3 .5050 245 2 13S.5 291.2 S~ !-S 2 250.4 140.9 3014 1254 258.31431.

56267.7 151.5 3 2 " 1.7 S 5SS 275.1 15 6.8( 33 6 .3 18 26 0 283.3 162.3 347.o 189.



3M COMPANY
DECEMBER 21, 1982':

W C4)N(NOS. ) 15.3 14 155 156.

TIME(MIN.)
2 683 66 66.2 67.- 5
4 ~ 68 6 G 68.3 6 7 ý5

668.1 68.1 68.3 67.7
8 68.2 68.3 68.4 60.4

* 10 68.4 68.8E 68.9 69-3
1266.3 69.6 70.3 71.9

1.4 69.6 7 1. 72.6 74.6e
16 70.9 73 76.1 77 .j
I 8 73.4 75.5 81.3 79.7
20 77.2 79 88.8 82-1.

* 22 82 83.8 98.2 84.S
24 837.2 89.9 107.7 87.3
26 93.2 97.2 l16.7 89.S
28 99.7 105.7 12S.7 92

* 30 106.6 115.3 135.6 94.7
32 113.9 124.!S 145.7 97 4

* 34 122.2 131.s 154.6 100.7
36 130.9 136.9 161.5103

40 £49 14S.9 170.2 110.3
42 155.3 150.6e 173.6e 114.2
44 159.5 155.4 176.5 117.*7S 46 163.7 160.8 180.4 121.9
48 168 166.6 185.6 126.3
s0 172.6 172.1 A92. 6 030.2
52 173. 5 178.3 201.3 134.3
54 184.8 ±84.'6 211.3 ±38.5
S6 192.5 192.5 222.1. 143.3
58 201.2 202.3 233.7 £48-2
60 2J.0. 1 2t4. 1. 245.5 S±53.4

S ~R1OIZs -I



3M COMPANYV DECEMPE41*I' 21., J.982
CHAN(NOS. 149 IS ±:1 1

TIME(MIN.)
2 S 67.6 68.3 67.9 6?74 67. 6 68.1. 6 7 E- 68

667.6 68FJ. 3 67.9 68.U
867.7 68.5 67.9 710 67.8 69.2 68 7?.7
1268.1 70 68. 4 84

% 14 6B.8 72 69 90.316 70 '74 .3 69.9 1±.18 71.6 77.? 7t.2 13;2.
20 76.8 81.8 72. 7 141-.3

.76686.S 74.7 is57.24 80 92. 77.3 164.4
k 26 83.9 98.9 80.4 17±.?28 88.4 10 7 .2 84.3 1.844 830 94 11. 88 Be8E 206.132 10 0.-6 129.9 94.2 223.7

106.5 14 4. i i0 0 22936 113.6 i5 310.1, 230.7.38 121 4 169.1 116. 244.1.40 120 175.3 24 -)4.

42) 132.7 179.3 129.F 126 2. S44 137.8 ±82.) 1. 134.1. 288.1.4 6 143.1 185 2 138.80 299
4 8 149.3 189.± 14 3 3 30 77

S2...... 16t.8 200.6 153.9 3 2-37
S6 175 214.S 16S. 3 351.7

610 ±89.5 232.9 179,"7 386(.5

R10125-1



3M COMPANY
DECE.MEBLI 21, t982

CHAN(NOS. ) iS)7 159 1.60

TIME:CMIN. 6 ~ 7

4 67.5 671 7..7
6 60.7 68.3 (38.5
8w 71.3 69.3 99.4
10 7S.5 71.9 114.6
12 79.7 75.3 120-1. 156.7
14 85.1 79.4 12l.4 162:1.
16 92.2 83.2 13j.-4 165. 5-
18 99.5 87 S 13c-.4 167.9
20 10OF. 2 91.6 :L4 4. 6 1.70.7
22 11i.5.3 95.9 tSS.5 17;5 .-I

41.2499.6 16 9 1,78. 32 6 1.32.3 102.S 1.83.7 181-6.w28 14?). 7 106.3 195. 0 18 4
30 155.4 1.10.3 206 7 1,86 9
3;2 164 1.14.7 2 19.t6 188. 6%W34 171.1 119,5 L.228.6
36 179.7 !123-9 234.6 . 95 S
313 191 127.2 257. 41 19
40 1.9,2 132 .5 2-8 313 ?2.42 199.8 107.1 304.2 -2(.6 944 206.3 14S.2 325 211 .S-
46 20.1.9 147.7 326 S 218. -3
4 8 202 1.52 9 378228 -3

%S2202.7 1.64 9 3S2.4 240.954 201.1. 171 .936.24
S 6 113 6 .9 179 .8* 380. 1. 250-S
T, 6 190.9 18H 394 1 254.1.
60 t3(3. 196 4 407. 9 S 9.

4,-5-

ILL A1



*3M COMPANY
L)LCIIEE:R21, 198L.:

CIHAN(r4OS.)

T M 1-

169Y i 1/ £17l

67. 4
69. £
76.1.
79.7
82 .4
82. 8
86.5
93. 3
94. 3
97.7

1 04. 6
£0o. £
10 7. "'

1£7. 1
£20. 7

£24. 1
130 . 9
134. 9
£37. 2
£43 -9
£43 S;
1468. &2
154. 9
16 4 E.
ls?1. 2
169.1
169, 8

172

67.4
67. S
69. 6
73. 2.
77. 2
(32. 4

9 2. 6
98. t
1 04 . 2

uS. 4
121 3
126. 6
£32. 2
137.8a
143. 3

iS? . 2
164.6
172. 8

£817
£96. 1
205 7

229. 1.
240
249

R10125-I
ILL. AZO



3M COMPANY
DECEMBEIER 21) J.98

CHAN(NOS.) 165 166 167 16R

TIME(MIN,)
2 . 68.1 68 683.S U.
4 68.2 68.3 68.7133
6 68.8 70 71.1 150 7
8 69.4 74.8 72.7 1.61.3
to 70.B 79.7 75. 1, .69
12 71.6 83.6 79.9
£w14 7S.9 88.-4 5 1B4. 1
16 76.2 94.7 92' 9 1.99. 05
1@ 82. 1 103.3 101.3 1912. 2
20 BE).6 111.9 113.2 19 4.

2298.2 120.4 129.1. 197.6
24 108.2 129.9 13 7 .9 20 0.0
26 £18.8 £ 41.9 15:3. 6 2 04.
28 £29.-6 .56 .6 170. 209

*30 £,40.3 172.6 1.6213 7
'lw32 152.3 192.2 198. 7 216. ?

34 167.'a 24 22- 4 208.S 22 0 ";
36 £84.6 229.3 :224. 9 235.2'
38 201.5 245.0 24 S. 242. 7
40 208. 8 2S4 .S F2 56.29.
42 210.4 265 266.4 268."
.44 &2t 4.9 286.6 274'.9 278.4
46 211.9 303.7 285.3 2378.3
48F 212.3 316.9 296.7 -297, 7
30 212..8 329.4 309. 2 30'7 R
52 223.9 342 3 2.1 '7 3 16.6,
54 244 4 355 1 334.e6. 325.2

%W56 26S. 7 369.2 348. 4 336 . :1.
58 264.6 381.6 3162.6e- 3 46 F3
60 299.9 392.9 377. 1. 342.6

R)0125-1I
ILL. A19



3M COMPANY
L.ECE~IELR 21, 1982

CHAN(NOS. ) 27" i7iU £79 1 E(')

268 67.3
4 68 67.9
6 682 67.9

068. 9 68
0U '7(0. 4 60.4

6 9
1.4' 71.ý.4 69.9

±680.7 71. 1.
113 6.2 72.?

20 9 3,. 1 75.1
22£01..5 .78.1

24 il I .i 81. 9
26 122 3 86.6
20 133 . 7 92.3
30 145. 8 99.4
32 15S;7. 3 107. 8
34 £69? 3 117
36 179. 4 126
383 £88.3 13 3.
40 £99. 4 14() 3
42 211 147
44 22S 15S46.)
46 23e.).8 163.7
48, 249.S 173
so 262.6 182. 7
52 273.4 192.7
54 2L*JS .3 203. 1
56 299.7 2±13. (3
se 316 2,2S. 6
610 334.7 239.5S

R101IZ5-I
ILL. A22



3M CO)MPANY
DECEM~BER 21, ±8

CHAN(NOS.) 173 174 17S 1,76

267.9 67.5 6.66E
4 71.2 68.6 70 ..2. 6 H.1.6 79.5 72.4 75.? 6 78 91.9 79.3 84 2 66 . 810 104.6 86.9 91.4 6 4 S)12 117.1 9s 98 7 61 1.14 120.9 103.Z 10 7.? S 316 140 ±11.8 11?.7 86,918 149.2 118.6 133.5 95

20 16.2 125.4 157.1t t0522 162.813.18.11.
24168.2 137.7 2t8.1 1.t2 6 f.26) 174.2 144.4 246.9 136,528- 181.6 151 27-2-3 14 6.2Z'30 188.1 156. 8 295. 15.

32 19 S.2 162.3 3 21 E- 165
34202.7 16 9.3 345.3 1 7 336 211.3 176.8 36. 7)e 82 f 7 938: 219.7 186. 1. 3S6.2 1940 229.2 194.7 366.9 205 942 2 3 7'. 6 201.7 376.4 2?17. ?44 24'7.2 213-7 385.9 231. '~746 255;. 9 221.4 395 .6 244 9.

48 264.1 232.9 4 05S 2 256. 3so 274. 8 243. 3 4 15 62..5,
S2 28t.6 2S3 427; .2 283.5

S42 85 . 9 2S(2 9 4 38. 5 9956 296.9 2'72..4 4;2
5 830S.3 281 4 6,-) 8 326 ?6U 312.3 290. 5 4 82- 1. 34J. 4

ILL AZ



3M COGMPANY
Dii)LLLD'lbR 21, 1.982

CI'A~NQ. ) ±851~&107 LH

21 EMN ~ 78 6'7.6 67.7 6 7 6

4 67.9 68 68 6 S
6 68.2 70.8 70.2 71 .1.
a 69.2 76.8 75.7 78.1J
10 71.9 83.6 83.5 8?
1.2 77 90.7 92.2 95.6
1.4 85.5 98.2 101.3 104. .3
16 96.4 i0s.i. 110 1iI. 1.7
le 108 111.4 119 118.2
20 1±8.9 118.8 126.3 125.4
22 127.S 124.6 Q34.2 131.9

2i 3S Z 140.5 137.0
26 140.9 i3b.i 146. 6 143.7
28 14e6.8 1.4U.8 1st.7 150.5
30 153.2 14S.4 157. 8 157.3

32J.9- S22164A. 164A.
34 166.1 lbO.i 171.5 17l..?
36e. 173. 7 16 7.3 179.3 179.1
38 179.3 176.*4 188 188. s
40 186.6 IBS.2 198.5 197.S~
42- 194.S 193.3 208.t 207.2
44 202 201.4 219.2 218
46 211.2 210.6 229.2 228.7
48 220.9 219.9 241.6 239.6
so 231..S 229 252.3 250.3

52241.8 239.9 237 21
S4 254.2 .251.1 275.4 A272-9
5 6 271.7 261.8B 291.1. 285.4
so 292.2 273 303.i.2 297 3

60311.S 286 319.5 300~.9

R1OI25- I
ILL. A24



3M COMPAo'y
I)ECEMF1.I*R 216., 1982

CHAN(IN.OS. ) 181 182 183 J.84

TIME (MIN.)

4 68.61 67.9 6 7.6~ 73 6 67.8 7
10 8s 6 83 6,1.3:2
10 93.9 68.80 68.' 7
14 98.2 70.1 70
16 £04. 4 71.7 7 2
16 1 i18 .3 74.2 74. 8

20 8 30.13 77.6 79.5
20 136. 2 82.2 R 3

170 .6 87.8 -124 190. 9 94.8 9f'.5
26 207,8 103.3 90. vs
28 22S.9 103 3. '7
3024. 124. 6 122. 534 267.2 i3si a 132. 234 289.7 147 j±l42-) 9
3 68 3 ±1 .4 C' iS -j ) .738328.24
40 .L61
42 358. 1 184. 2 j ;£77.
46 370, 6 19 3.i4(3 38, 202. 8 9 "3 6

3 9S. 1 213.± 1, .~;.
5406. 224.4 2i .

S44 19. C3S.
4.33.3 247.7 2 32¶644e6 9? ~ 6 0 2 44-1.¶58460 2273,3 256.~360 473.9. 28.?26

R110125-1I
ILL. A23



3M COMPANY

DECEMBE~R 21 19832

CHANUr4OS. ) 194 1.95 1.96 197

2 68.5IN 68.4 66.9 b8..

.4 -7. 68.5 72.S 6

6 :81 70 77.1 69 F?

a 84.9 72.2 84.8 71.7

10 96 7S 91. .5 7 S;

12 1 ()7 78 97-17 79 59

.4 ±14. 9 8 1.7 106. 6 S.1.ý

i, f-'4 .8 86.6 10). 2 9L2 .

18 142.4 94.6 109.2 99.3
-20 173.6 10 0.6 120.5 10 ts7

22 Z,0 9 .8 108.7 133.J. 1ii

214 2312.9 118 146.2 117.?

26 248 130 .9 160 .9 12E?.6

28 292.4 14S.7 176. 6 142. 6

30 29J..3 16 2. 2 19 3.2" 153

32 308 170 .5 213.. 4 17 0

34 314.4 191.2 246.8 205.I1

36 3*3 1 .1 204.3 270.4 222 9

38 340.9 209.6' 290.5 230.6b

4o 35-4.5 211.1 307.6 24i. 6

42 3615 21.4-S 322. 2 250 .c.

44. 300.4 227.4 332.S 266.''7
146 4 01..3 250.6 345.5S 278.9

46 41.1. 3 270.1 359.1 29 0. U

so 4 2"3.2 284.6 370.9 303

S2 437 300().1 376 3 1. S-

.54 450.9 31/'. 4 386.4 327 .6

56 465,.4 341 1. 396.4 340

se 402.4 356.8S 406.5 3 5 2 3

60 .4 9,. 9 372.'S 417 9 36S.2

RL10126-



I~v 3M COMPANY
DECEMBER 21, tY82

CHAN(NOS.) 189 19 1 192: 1.93

TIME(MIN.-)71
270.5 67.9 68.571.-

4 9S.3 68 6 :.-7, 93 1.
6 124.3 68.S 68 9 i44
a 147.2 69.3 69.3 4.1. .8
10 16S. 7 70.4 69.0 156.. 5
12 177.970.4 170. 8
14 i81.9 73.6 71. 3 .81. .5
16 187.9 75.3 71 .6 j%
18 9.93.2 77. 3 72.4 i95 3
2-0 197. 2 79.4 73. 1. 202. 9
22 195.-2 81. 7 73.6 2.1.3.724 196.5S 83.7 74'?22.
26 202.2 85.8 7S.4 1233, 7
28 226.1 87.9 - 76.5 244.2
30 244.7 90.2 77.2 2 46t). 4
32 262.2 92.5 78.1. 249 3
34 e2o0.a 94.6 79.S 2.'44. 4
36 293 96.6 80.2 240. 5
38 304.6 98.9 81.8 f-34 7
4V 320.2 101. 1 83 1.
42 338.S 103. 9 84.326 24
44 3S5.8 106. 3 85.5 272.4
46 368.6 10813 86.7 2012. 2F4B 38t.3 111.5 88.4 291 1.I
so 400 .4 114. 4 89.9 300. '?
52 422.9 117 92.6 3 0 9 35
S4 433,2 M2. 2 92.7 3t<31.
56 445.4 123. 4 96.4 732-

5845B. 6 126. 6 95.8 334 3
60 471.4 129.3 98.4 343 1.

ILL. A25



,1"~ -

3M COMPANY

Cd~.JNO .259 
2-6 0

'TIME (MIN
.02 6S.6 65.1

Z.02 66 6 7

4,02 68 .9 68 2

6 (02 74.7 73.9

8 ..0 86.2 83.7

.(10, 102.2 96.7

1'2 .; 01218.3 114. .1.

1.4. 0? 13B.2 13 6

16.0 L" 16 0. 162.1

18.02 176.4 174.2.

20 02 i~s 13 183. 4

2 0'21 192 . l?,: .8

2 4. 02? 195.6 0V?6.

Z 6 .().: 199.3 2 0:1 .~

2 8 U02' 203.9 2±1 . .4

30. 02 2 10.22

32.02 216.7 245.4

34.02 240.1. 269.3

.36..0212 272.6 295.6-

38. 02 302.1 321.-7

40.02 334.4 350.7

42. 0f? 365.8 380.J.

4 4 .0'2 397.3 410.8B

46.02 428.7 441.S

48.02 461.l. 4'7 3. 6

49.35 480 492.3

S,3. 32 S44.4 556.9
55-33 5S7i.3 5837 .4

K?.3 604 61".

932631 .61 6 4 4)

*.3 659.'9 6"' 4 C

R10125-1I
ILL. A28



3M (ZOMPAMvY
D)ECEMBER 2:1., 1.981..

CHAN(NOS.) 198

TJ*ME(MTN.
2 86.6

4 122.3
6 t2e.S5
8 153.3
10 144.8
12 ISO
14 179. 8
16 1i.y .5

20 18?. 6
22L 199. 1
24 200.4
.26 2.34
283 237.4
3 0 246.9
32 25(1 8
34 245.1
36 23(8. 3

jr~j 237.*8
40 236.3
42 246
44 254.4
46 262.7
48 270.6

S () 278. 9
52 287. 1

`4 294.9
56 302.7
se 310 .9
60 318. 9

*%Ws

%W PRIOIZ5-1
'a. ILL. A27



3M COMPANY
.DELLE'flE.IR 2i, 1982

CHAN (04JS. ) 26 S 2.6 6 26? 261:

1T1rME(MlIN.)
76 7, 67 66.9

2.02 67 66.9 67.1 6`7
.4.02 67.1 67.1 67.1. 67
b . ()f 66.9 67 67 6'/
8.02 67 67 67 67
10.02 67.1.t 67.1 67.1 6?
12. 02 67.1 67. 2 67.2 67.1,
14.02 67.4 67.5 67.5 67. 4
£6 .092 67.7 67.9 68. 2 67.9
1.8.02 - 68.5, 68.7 69.1. 6E?.7
20.02 69'.9 70.1 70.7 70
22.02 71.8 "12.1t 73.4 7 1.
24..02 7 5 .2 75.3 78.3 74.3
26 02 80.2 80.1. 83.9 78.6
28.02 86.2 87.3 91.2 85.9
30.0U2 93.9 99. B 100 .6 95.7
32.0 (3'02.8 £16.2 £12.2 £0a7. 6
34.02 114.1 £31.7 127.2 12S
3t'... 02 147.6G 144 6 £4 6 . 150 9s S
30 0 2 161. .a 5I 6 ..3 £60.7 157.3
40. 02 17S-.2 £68.9 172.B 166. 9
42,02 LB-'. 4 £80. 1. £85.8 £83.4
44 (12 197.8 £9t.7 ±95.8 19 2.0t
46. 02 202.5 198. 9 £99.13 £968.
48. 02 2306 204.2 20S. S 203.
49.3S 20-7-6 207.J. 209.2 20S.3
S-1 .32 209.1 212 217.5 208.4
S 31.312 208. 5 215.1. .227.8 210. 7
55 33 2t.3.7 219.1 237 212.6
57.33 226.1L 231.9 247.2 216. J.
5932 246.2 249.4 261.9 223

61.32 267. 26 9.1 2 821 .2/ .9

RIOI25-1
ILL. A30



3M CO'MPA~NY
DECEMULAR 21, .19182

CHAN(NOS. ) 26i 262 263 264

TIME (MIN. )
.02 6S. 6 6S.9 67 6.
202 66.2 66.7 66, B 6

4 02 69 7t.2 66. 86-
6.02 75.6 80.6 66.9 6 6
8.02 85.i 103.5 67.1. 6710.02 102.7 127.1. 67.4 6V

%W12.02 130.4 146.3 67.8 67.1.1.4.02 149 16S.2 69 6'316. 0,'. 156.8 175.3 71.3 67 9t8.02 168.7 180.3 74.4 60.8S20U.02 17e6.3 839. 3 78 7 69.922.02 183 19e.5 85 3 72
24.02 1(37.2 222 93 6 /26 0i2 192.3 271 .9 800 3.28.02 233 2 98.31-2 t,40.39.
30. 02 280 .6 3 1 J. ±2 IO32.02 317 362.6 37±2:34. 02 346.9 1382144.4 t4.3. .1J

3612380 .6 444 1S 5 :4w-3 0", 39.:4.9 482 1 68* 6 ±$.~40.02 422.4 50S 8 1 85. 442.0) 474. S 34.9 194.8 t8(4. 17
44.02 498.6 5.9201 . F3 .9

402513 -6 593.2 205.7 207 .743.02 S26. 9 624I.S 208 2 'I17 54 539. 5 634.9 209 220E 951.32 57,?.-6 6S8.2 2 17.2 209 4
S3. *32 600.3 687.7 2380
S5-33 62 9. 4 711. 2S6 7 2±1.1

7. ..")3 660 736 .1 27G).7 18
59.32 78.79.36.27740 2 764.9 296A.423

R10125- I
ILL. A29



3M COMIPANY

LHAN( NUS.

02

.4 . .1' L
Z4. 0I 2

14.02

16., 02.
18. 02
20. 02
2'.'-2 (3:)
24. 0,..'

28. 02
30 0 2
32 . 02

34. 02
36.02
3 8. 0 2
40.02
42 .02
4 4 .02
4 6. 022
48. 02
49. 35
51 .32.

S3 .32

5 5 3*3
'57. 33
S9. 3 2
61 . 32

2 76

67
-67
ý67.- 2-
67. 2
67. 4
67.6
68 . 9
70 .2

75.S
77. 3
84. 6
8,3). 1
84. 1
8?7. 9
97. 5
98. 8
102 .2
100 .4
10S. 2
107. 2
107. 6
112 . 9
iii. .8
1~31±.9
14l . i
154 . 5
157. S
171 .5
183
1(31 .9
179 . 6
17?*7. 8

* --- INDICATES APP'ROX2IMATE TEMPERATURE

RIOIZ5-1
ILL. A32

-"-, 3

67.9

68.2'
68. 2
68.5
68.5
68 .6

68 8
69
69 .4
69.S
69. 8
70.3
70.6
71. 1.
71 .?'.

72. 2
72. 8
73 .4

74.2
74 .7

75. S
77
78
81 . 2
84.2
88. 1
93 .9
103. 8
113. 2
i19. 3
124. 3

6 8 . 1
68. 9
69
69.3
69 .5S

69.S-
69. 6
b9. 7
70
70. J.
70
7 0 .
70 .3
70 .4

7 0. 6
70.71
7 0 . Y
70. 9

71 . 3
71 . 3

71 .7
72
72. 3
72. S.
73
73. 3
73. 7
74.S5
75.6
77.3

275¶

66. 6
67. 6
7S .b

14'/.9
175;
197
2 i 6). 6

378. t.

439'~ . 3

467'. 4
49ý-') 9
524. 3)

S73.575
S94.9L5 *
637. 7
6S34 6
6~:3 8
712. 4
7 39 .2'
76b
791



3M CO0MPAN~Y

CHAN(NOS. ) 269 270 2*7i. 2;

TIME (MIN-
.02 66.6 65.9 6 6 . I'?~
2 0 2 66. 7 65.81 66. 1. I ..-

4.02 66 .?' 6S 9 66.2 66. 1.
Aw6.02 66.7 66 66 2 6 6).5ý

0 02 66.7 67.6 67 69 .3
10.02 66.8 72.4 72) 74. 2
£2. 02 67 8ý3. 8 1±11 12 9213R
±4.1V"" 67.9 ±06. 6 . 139 9 .1±8
16 .0;:2 69.2 12li. 9 146. 9 ±29
18.02 71 .3 137.'9 143 E. 134.3
20.02 74. 1 ±48 t59 i4
2 2). 02 .77.7 is 9.5 166 15 .
24. 02 82.15 168.'3 ±6? 9 is, ~' 7

- e b. 0 88:,G. 7 £74.1 17 0. 159 7-:
28. 02 91 ±779. 2 16'9. 9 " (~2.
3(" 02 ±07.9 182.5 S 69. S 163 0
3 2) 0 2 ±19 1 i85. 3 £70 . 6 164.7
34.02 ±29.81, 187. 8 17 3 2) 166 3
3 6. 02 003. 1 190. 3 175. 3 .61,.ý
3f. .02 144 r9. 783. 4 '70.

40.02 160 .6 193. 7 177 4 7f'.

42.02 176.3 i95. 1 17G. 4 17 1.el?
.44 92 iBs 197.2 18 0 3 7s. 1
^6 . 092 192.6 199.6e. 175 S. tV 2
48% 02> 199. 7 20±t. s 184

49.35 202 20 1.?5 29 19 0'
Si. 32 20 e.,. S 204.4 9!.9 19

%W53.32 210 207 .4 2 0.3 19
5. 33 209.8 208 7 204 9 A0

S? .T3 23i1.± 2 207.6e 203, C:
S5S).3'2 209.6 206 131 "00 nO20

bi3.'212 206~.2 2 0 1 i9?3 '

ILL. A31



3M COMPANY
DEC*I::i'dfI R 21, Y8-

C N Ub 3. 282 0~3 2E84

'r I E (m I N.
t0 7 6? 67 66. 9

%76/ 67 6.
4 4' 0:66. 9 67 67 6.
6.02 66.9 67. 2 67. i. 66.9
8.012 67 67.S 67. 5 67.3
10. u., 67.2 613.4 f.7. a 6(3. 4
12. 2- 68.~5 69.9 603. 0 .8
14.02 69 71-.9 70 37..
16.02 71.4 75. 5 71" 4 76. 9
18.02 7S; 4 (0.3 76 81

2(0. o? 80.4 87.5 81. 8b.2
22.02 86 -9S 9s B9. 92. S
24 O02 96 105.4 96. 7 98 fl

26 02 117: 117 .4 102. 9 0.
28,02 131. 5 134 1 1±1.7 119
3 0. 021 16l.2 16J. 12 2. 2 144 .r'
3 2.-02 ±8a 7 ±85.9 t34.9 ±73-2

302205.3 206.9 ±4B.9 1.8; 2.
36-02 2±0.1 220.3 f65,.3 179. 8
38.02 21l.B. 228 197.7 183.6
40.02 214.9 234.1 207.2 ±86.2 1
42. 023 21S.7 241..6 209.3 205. 6S44.062 216 250.-1 2±0.4 210
46.02 215.7 256. 6 226.2 210 "1
43. 02 21S 26B.6 23S.3 21 J
4.9. 2±5.i 274.7 240.6 222
1.32 224.3 2 8 5.6 251.. S 240

S3.32 252.7 298 2Se6.4 2 4 07
S33260.7 31i~. 9 269.3 25i.1i
7 J289. 9 327. 6 285 T 2 s

59.32 3i2.8 3 4 5.2'. 3 0 0 2150 9
61l 3::d 33S 3.4 .4 319. 6 271.9

ILL. AA4



3M COMP'ANY

C HAN (NL. r!t? 21 ,EE EEA 19 82

7;A(NT E 7 7 279 2 f'

66. 2 4? 66 .9 j~.
2 .. 70.3 ~ A3 66. 8 8 6

4 0g.2 85 .3 67. 1 66. 9
602' 10 9 -3 6 El 66.969

8. 02 138. 6 10 .5 67 3
1(0. 02 17S,.8 7S 67 .3 6~ .912. 02 2310 .4 81. 1 6 E 691.4
14. 02 22 6.8a 94.6 70 " -; 70.1
16. 0, 243.ý3 122. 9 73, P 7~ ý i
Ia 18.21 2S6.8 1 73. E' 78 .3 ..
2.0 .02 270 209.3 82.6 :7

240;?308.3 200 4 109 c) cfýi
2 6).0;2 340 211. .4 124 2 1U28. 02 308.3 2 12 2 J4 1.. .. 2
30.02 422.6 21.3. 6 162, 4 10.9
32.02 4692. 6 214. H 189 144..5 4. 0 '00.' SO20ýO 7 2 06 1.601 1

56~2535 228 211 .4 .7
3 a.02 S65. B234. 2 22 4.
40, 02 596).1 241. 5 221 .7 2.1. 21.
42 .0 626,.1 25 1 .3226. 4
44. 02 657.8 262.3 2 33,.4
46. 02 680 E278. 8 241 8 S2

kw, .1u 706 .2 2901 3 2S~3 9 2?? 9?

i.127 4 S 4 340. J. 2 7 9 2'I
:32'6 68 . 368 .6 3 0 0 2

C) 3 1* 792 401)i.. 9 320. 2 86 .1.

S".**. 3"3 413174.79 3 40 77 3 0
S59 32" 8316.6 476 34') 316 3,.:- 859 .4 S19 [3.p

R10125-1I
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3M COMPANY(

DIC tMk4L f' 2198,

649.3
915. 4

4. 1~ 325 .t27.

8.02 ±586. 4

1.0. 02 1633. 9

12.2.02 1632. 9

1.4.0 2 1668

* .6.02 16 3 4

±8.02~ .616 3

20.02 1 648, 7

22.02 1650 2
24 02 1659S

~26. 02 16 633 3

28.02 1668 2

:50. 02 1. 1:) S ý,
32 ) 2i6 3. 7'

,#4. 02 ISE36. 2

36.02 is588.3

30. 02
40.02 lt>12. 4S42.012 1627 .2
44.0 1659.4

48.02 1697. 1
4 9 . 3 S±690. 7

.i 32 17 11

S.312 1 732'. 2

S7ý.33 174 3 .4

r4~? '~1749. 3

R101Z5 -I

ILL. AU



3M COMPANY
DECIEMBE R :)I J 981.2

__ (;HANI(NrS.)~ 285 286 207 2 036

.02 65.5 6"' 9 65 '7 1.2. 0;2 65.4 S11. S0! ..
4. 012 65.9 1.47. 3 89 4..6. 02 74.6 174 99 .3 10* ~ 8.0O2 97.9 186. 7 18~ 310 .0 2 1.40 19B6.3 1.40 6.i,

%W2()2 2-0 4 .3 211 .3 1.6ý.)0 1.8i. .2.24. 02 206.2 22 1. 8 1.76. B 2 1. r,t 6.0()2 200.9 232.6 1~o.9 5 21..' 3t8. 02 201 239.7 209. 9224 . *20.? 207 7 247. 62..?3
22. 02 2 263.-1. 228.4,. 1. 44, 0 2 209 2O'9.5 236en.. 472 6.0;? 207.6 333. 2~' A I? :32; 480 2 205.S5 400. 6 2 7 f.2 31.30.0, 205.2 466.4 2-9 2.6 FP3 2. 021 204.8 S 13.2 3 2 -:3 kJ4 . 02 204.9 540 2 3S6, 4, ! 4
36. 02 0.15..8392. C)4
3 8.0 20. 6 5 7 S.9 420.4 494 1.40. 02 2204 .7 S90 4 S) 3.S *3 .,742.02 207.9 605.80 484. ýco 0

44 0,I. 2 10 .6 637.2 5.1.4.9 7' d.46. 02 21.1.8 66 Z". 1 544 e!-(.
4fl. 02 21l .9 688*..4 57 4 .3 6334 9 3TS 211i.9 698., S9.7. 3 6 4:5.2211 .8 714. 4 626. 4 67 1

. _3. 21.1 4 727.9 6rS ' 65£5.33 21.0 73;.:? .3 63". 7 7,.3.3S7. 33 208. 1 740.8 7f.3 7 *4 7 .S59.31: 206 9 7S'). 2 74:1 75 775".3
1 207.3 770. 2 771I.J. 79R. .

ILL. A35



3 M CO PPi N Y

C( HAN ( NL0 29ý3 294

.02. 736.6 88:
2. N? 99,3 4 i 0 61.
4.02 1453. 8 1441 ..
6. 0;2 1393. 7 1513 2
C* 1)2 "!?~. 1617

i 1.0 626. 2 1627. 6
t£ 02 16iS. 2 1639.'

-4. 02 1631.. 1 1661. .
16. 02 £587-3 167 0 3
tH8 02 162~3 . 16.

,002 16 31 ±6 56. 7
C. 6 60 .7 J679. 4

24 0;.' £6S.0 .7 14()6 3.
16 5)4. 9 1.676 2

2160 ±40.8 ± 686. R
30.02 1629 1 1S 2;:

3:.1 01 604. S*P1.i
'.4 r 166. 6 5~62. S

3"' 0o i '9,'S .4 1606 .8
40. 0121 1618a.a 1674.4
42 02 £641.4 1688
~44 02 ±662.4 1684.
46 0,:) £67T". 8 1680.
48.02 1697,S 1693

4£ 3: 697.7 1692 .

53. 1,321. '7 3 2 9 172;0 r'*
Y '37A . 6 :1 7 43
S 9 .32 17S -8.70. F

R 10O1Z5 -I
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A PP E ND IX BT E M P E R AT U F7 A O REAS S E M BLY-

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 B5.
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. Bi.

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.

CJJ/RMB :jmd



I7
26 (

23 17,18,19 14.15,16 II 1 1

Ikc -.300 m m -

3114,17/

I ,BA2,24,W/

>21C-I& AWr"' 7/C-12.AWG

5,16.19

CABLE AND) CABLE TRAY THERMOCOUPLE -
SYSTEM NO. I

R 10125-2
ILL. BV'

L- z Oak x



I- NOM. 4"'t,?4OPEN- LADDER STI. CABLE TRAY W/MII4IMUM CABLE: FILL.
2-NOM. 500 RIGID STL.CONDUIT Wv/MINIMUM CABLE FILL.
3-I2.xlZ"x4;STL. JUN4CTION BOX W/NOM. Z~o RIGID STL. CONDUITWV/MINIMUMV CABLE FILL.

NORTH.

I

C ..... I

121-142 Ri
II
II
II
I I
I.'
II
II
II
II
0

MOS.8 1-120

187

L.....J NOS. 159 -185

(Trc. NOS. 186 &1r87 LOCATED 12-SELOW FLOOR IN U'OF SYSTEM)ý

Th4ERMOCOUPLE LOCAMiONS
R10125-2
ILL. BI



89," ,

105,110,114

'T/C-12AWr.

PROME
CONDUIT, CABLE AND
TIVE SYSTEM THERMOCOUPLES-

SYSTEM NO. 2Z

RIOIZ!5-2
ILL. B4



140

139,

31

123

957 1241I23, 125,127, IZ9,131,0133, 935
A- IN AIR INSIDE MAT WRZAP APPROX. V ABOVE CABLES

*-IN AIR BETWEEN MAT WRAP & COMPO51TE~ 514EE-
*-BETWEEN COMPCSITZ -SHEET kr L*ISTRL)Te 'FRAM iNG
*-ON, UNISTRUT Q TRAPE.ZE SUPPORT

PROTECTIVE SYSTEM
5YST E:M NO. 1.

THERMOCOUPLEs-

R10125-2
ILL. B3

136



3M COMPANY
- MARCH 3, 1983

CHAN(NOS.) £2 4

TIME(MIN.)
2 69.2 69. 7 69.2 69.6

* 4 69.5 70 69.S 69.9
6 70.4 71.4 70.6 70.9

872.3 74.3 72.S 72.1
* 1 75.4 79.3 7S.4 74.3
* 12 79.3 86.2 79.4 77.1

14 83.8 92.5 83.9 80.1
16 88.6 99 88.9 84
t8 93.8 104.8 94 88.1
20 98.9 £09.2 99.1 91.9
22 £04 114.4 104.2 95.8
24 £10 120.8 i10.£ 100.8
26 £16.5 124.7 116 105.2
28 122.9 £31.6 £21 118.2

* 30 £30.6 £42.3 £28.4 127.4
32 144.1 154.1 157.2 £38.6
34 154.7 £62.9 £69.3 148.9

* 36 167-6 172.9. 186.7 161.3
ý38 180.6 185.5 210.2 178.5
.40 191 200.1 243 201.2
42 209.2 218.3 267.5 229.5S4 236.3 238.8 282.8 247.2
46 261.2 259.4 303.4 262.6
.48 28S.2 279 323.7 278.9
s0 314.4 298.2 345.6 291.8
5S2 339.4 317.1 367.3 308
54 355.8 335.5 387.4 325.3
56 373.3 351.6 407 342.3

58387.9 368.6 423.6 364.4
60 4 03. 2 383.6 441.1 384.7

ILL.B2



167,0172 174

1715, 176

shUNCTION BOX

1"3

&jP7.yJim

159, ifo

NotP I I66,I87O(CONDUIT)

hAI4O 00 ONDI Volr FROM jUNCT log4 15OX / E?4CLOSURVE
161 ON BWllOM CEN4TER OF JUNCTION lbox
162 0*4 SIDE OF JUMCTON BOX OCENTER
I63 ONJ END OFP JUNCTION Box e CEFNTER
164 aNSlDE jUN; ION BOX,)IN AIR., I "ABOVE BOTOM OF BOX

16 INSIDCM JUNCMION BOX,, IN AIR,9 I" BELOW Top OF BOX

CO''T'~ F :SCTONE N A~t) AIR !-r-OUPLES-
SYSTEM N".

R10125-2
ILL. B5



3M COMPANY
MARCH 3, 1983

CHAN(NOS.)

TIME (MIN.)
2
4
6

12
14
16
1s
.20

24
26
29
30
32
34
36
38
40
42
44
46
48
so
52.
54
56
58
60

69.3
69. 4
69. 6
70. 1
71 . i
72.2
73.4
7S.3
76. 6
78.4
80.4
82.8
85. 5
88. 7
92.8
107.4
119.8
132.9
146.9
162
170 . 1
176. 5
180.4
183 . 4
188.7
188.9
189. 9
209.2
261. S
277.9

R10t26-2.
ILLA B8

69. 1
69.5
70.9
73
74.5
77.5
79.6
81. 9
83.9
86.5
90. 1
93.3
97

120. 1
131. 1

20:
228
252.7
276.8e
291. .6
309.6
328.7
348.9
370
394.9

68. 4
68.6
69. 4
70.8
72.7
75
77.3
79.7
82. 1
84.1i
86.3
88.7
91.8
96. 1
102.3
119.5S
127. 1
133. 4
140 .7
154.9
169.5
186 .9
?08. i

326 -
343 .7
363.9

68. 6
68.8
69. 1
69.9
71. 3
73.4
75.9
78.9
81. 9
85. 1
88.4
91. 7
9S.3
99.4
104. 8
118. 3
136. 5
156. 3
172. 7
185. 7
193. 2
201 . S
225.2
258.2
290.6
322.6
351 .9
380 .5
0O7. 3

4%ai. .8



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 6 7 8 9

TIME(MIN?'
2 69.4 69.3 69.3 69.4
4 69.S 69.5 69.4 69.6
6 69.9 69.9 70 70.3
8 70.9 70.7 71 71.6
10 72.3 72.2 72.4 73.6
12 74.6 74 74.3 76.4
14 77.2 76.3 76.6 79.7
16 80.3 78.9 79.2 83.3
£8 83.S 81.7 82 87.4

2086.9 85 8S5.1 91.7
22 90.6 96.5 88.6 96.7
24 9S.2 92.3 92.8 102.2
26 £00.8 98.8 97.8 107.7
28 107.8 £04.6 £03.6 113.S
30 117.3 £10 110.4 120.9
32 140.1 £29.6 128.6 135.1
34 151.6 1:41. 1 139.1 £46.7
36 162 152.7 150.6 £58.1
38 172.4 163.6 160.8 170
40 183.2 175 3 169.9 183.2
42 203.5 189 178.5 199.3
44 231.4 206.2 187.6 226.1
46 268.2 229.8 202.7 250.3
48 3226.2 276.4 227 299 .948 329.2 258.1 227. 275.29
S2 351 .3 294.9 280.5 328.9

54 3e~s 36.4 0S.53S9
56 41.9 33 2 30.3390.4

s8 443 370.2 354.6 420.8
60 468.4 403.6 380 440.5

R10125-2



3M COMPANY
MARCH 3, £963

C1RAN(NOS.), is 19 20 21.

TIMEMtIN.)
2 68 68.1 67.9 67.9

4 68.3 68.3 66 67.9

6 69 69.2 68.7 68.2

870.6 70.5 69.5 66.7

10 72.6 72.2 70.6 69.8

i2 74.9 73.6 71.7 71.2

£4 77.3 75.1 73.1 72.7
£6. 80.1 76.9 75.4 74.0

£8 92.4 78.S 77.7 77.7

20 83.3 80.2 79.3 79.7

22 85.8 82.1 80.8 82.2

241.- 89.4 85 82.7 84.7

26 91.7 86.6 86.1 87.7

2895.9 90.5 92.5 92.22

.30 103.6 96.4 102.6 100.9

.32 109.8 ±10.2 117.6 111.4

34 110.6 116.5 130 £26.1

36 £27.4 125.16 142.1 143.1
318 134.9 134 155.1 15613

40 132.7 132.6 170 £71.8

42 136 £46.4 185.6 187.6

44 147.2 155.3 193.5 199.1

.46 155.9 165 233.5 208

48 179.3 174.6 247.9 215.i

.so 198.3 18S.4 264.1 228.5

52 209.S 196.4 276.2 240

54 218 211.5 286.6 251.4

56228.6 218.6 29S.i 261.3

se8 241.3 234.4 304.7 273.1

60 256 247.S 315.4 285.7

R10125-2
ILL. B10



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 14 Is 16 17

2 6 8 . 6 8 . 6 8 .4N6 8.)
2 68.8 68.9 68.6 68.8

6 69.2 69.9 69.1 69.3
a 70 71.5 70 70
10 71.3 73.7 71.2 71.3
12 72.9 76.1 72.7 72.2
14 76.6 78.7 74.4 73.)6
16 77.8 81.4 76.4 7S.1
£8 81.3 84.7 79 7S.9
20 80.3 87.5 81.7 77.9
22 84 90.6 84 80.1
24 86.3 94.3 86.7 80.i
26 89.8 98.4 89 8 2.-6
28 92.2 101.4 93.4 85.9
30 98.7 108 97.7 90.2
32 118.2 128.7 12S.3 98.8
34 123.8 141,1 143.7 106.6
36 132.3 157.1 162.6 117.7
38 147.3 170.1 183.3 124.6
40 £68 £87.4 198.S 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.S
48 188.5 306.3 289.9 172.7
so 199.8 338 310.6 8ss.9
52 208 2 367 32-6.-1 £94.6
.54 259.1 394 3 342.3 199
56 2921.9 418.2 366.4 201
58 313.8 439.2. 389.1 201.9
60, 332.4 463.6 413.9 203.7

RIO(25-2-
ILL. B9



3M COMPANY
MARCH 3, 1983

CHAN(NOS.) 26 27 28 29

TIMECKIN.)
* ~68.5 68.8 68.3 68.4

4 68.7 69 68.4 70.7
6. 68.9 69.8 69.3 75.9
8 69.5 71.3 71.8 83.7

- 070.6 73.7 76.2 92.4
1 2 72.7 77.4 82.2 102.1
14, 75.8 82.6 90.1 111.6
16 80. 89.5 100.4 121.3
I8 64.3 99.1 116.7 £36

* 20 89.3 113.2 132.4 144.9
* 22 95.7 125.3 £40.1 £50.6

24 104.2 133.7 143.4 £53.9
* 26 115.7 138.6 142.8 157.3

28 126.3 136.S 138.4 163.7
* 30 134.1 137.2 136.8 174.4

32 146.1 150.2 151.2 206.8
34 153.8 157.7 159 233.8
36 £61.8 169.1- 168.4 242.2
36 167.8 186E.7 £77.1 253.5
40 175.3 194.4 187.9 268.4S42 180.1 213.1 202.6 281.6
44 184.2 237.S 225..2- 295.8
46 192.6 262.3 251.7 312.5

.48 207.3 282.9 272.6 328.6

so 223.6 305.1 290.9 343.7
S2 253.5 327. 1 313.4 359.1
54 274.3 350.3 334.S 374.2
5S6 293.5 374.4 352.7 387.3
se5 314.4 399.7 371.4 398.1
60 336.5 427.6 389.4 408.4

ILL. BI?-



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
8 69.6 69 70 69.8
10 171.2 69.9 71.5 71.4
£2 73 71.1 73.4 73.6
14 74.8 72.6 76.1 76.5
16 78.3 75.i .79.2 80.3
is 81.8 77.8 82.8 84.8
20 83.7 80.8 86.9 90.2
22 85.3 83.6 92.1 97.124 87 817.2 98.9 106.1
2,6 89.4 92.5 107.3 117.4
28 95.4 99.6 118.1 127.3

3010i.7 £08.5 128.3 134-32 £34.6 J124.3 143.8 146.5
34 147.6 131.3 152.9 157.6

15 i9.5 141 A 161.3 £68.63a3 168.7 151.3 168.8 178.7
40 180 7 iSS.3 174.3 184.9
42 1?4.4 168.4 180.2 189.8
4.1 207.6 177.3 184.8 193.9
46 256.3 183.9 190.1 198.1
4 P 294 .9 188.8 198.1 210.9
so5 317.6 192.8 212.4 229.5

S'- 4334.3 194 234.2 257.6
5S4 348.1 196.7 263.8 291.1

S.36t.1 197.9 291.5 322.8ESr372 9 1993 9 316. 6 351.9I
60 384 S 214 IF 339.3 378.8

R 10125-2
ILL. BII



3M COMPANY

MARCH 3, 1.983

CHAN(NOS.) 34 35 36 37

TIME(MIN.)
2 - 68.5 68.8 68.9 76.1

4 b8.5 68.9 69.1. 97.1

668.9 69. 2 71.2 119.2

8 69.7 69.9 76.1 142

10 70.9 71.4 82.S 159.9

12 72.1. 73.4 90.6 174.3

14 73.6 76.8 10± 185

16 7S.7 81.1 113.9 192.5

16 78.4 85.9 134.1. 197.9

20 80.6 92.5 146. 2 203.4

22 82.9 100.5 149.6 207.2

24 85.6 110 152.4 220.2

26 88.3 120.7 149.3 237.3

28 90.8 129 142.9 265.9

30 94.3. 135.5 148.3 310.3

32- 114.9 146.7 176 383.9

34 119.3 154.3 185.8 436.22

36 131.2 162.5S. 207.4 490.3

38 149.6 169.8 228.6 538.6

40 182.7 177.3 255.5 591.4

42 210.4 181.9 270.8 646.3

44 238 186.9 306.4 696.S

46 269.4 194 U 36.2 746.S

48 303.7 2;311.9 773.4

50 336.5 2U .31.6 803.4

52 361.8 240.-- 342.5 832.5

S4 390.8 258.6 - 3 860.5

S6 413.8 272.7 887.2

58 448.5 297.3 3,' .913.6

60 480.8 326 414.5 '138.2

I R10125-2
ILL% B1A.



3M COMPANY
'MARCH 3, 1983

CHAN(NOS.) 30 31 32 33

2 68.9 69.2 69.6 69.2
4 69.2 69.6 69.6 69.4
6 70.6 71.2 69.8 70.1
8 73.4 74.8 70.4 71.1
£0 77.8 80 71.4 72.6
12 83.4 86 73.2 74.3
14 91.6 92.3 7S.4 76.1
16 101.9 98.1 78.3 78.1
18 120.5 103.9 81.7 80.A
20 134.2 109.1 85.3 82.2
22 140.8 l14.7 89.4 84.6
24 14S.2 120.9 97.9 87.2
26 144.8 12S.7 114.9 90.2
28 141.9 132.1 113.8 93.9
30 141 139.9 112 98.7
32 159.1 163.9 138 112.2
34 169 179.3 146.4 121
36 179.4 198.2 157 133
38 194 220.9 ±68.A 148.9
40 213.9 .246.3 186.4 t67.4
42 240.2 271.9 198.8 186.2
44 26S.6 295.4 209.9 204.3
46 28S.3 313.5 222.6 225.2
413 305.2 .33t.9 243.3 248.1
so 324.7 351.1 2S7.7 268.4
52 347 368 275.8 295.2
54 368.2 383.8 303.2 324.7
56 387.4 401.8 329 3t-S .4
is8 405.7 399.9 360 383.9
60 425 434.5 400.9 409.3

RIOIZS-Z-
ILL. B13



3M COMPANY
MARCH 3, 1983

CHAt4(NOS.)

TIME.(IIN..)

4
6
8

-44
16

20

24
26
28
30
32
.34
36
38
40
42
44.
46
48
5o
52
54
S6
58
60

Rt10t2 5 -2

e±

70.9
80 .3

120 . 4
105.2
111.I
117. 3
137. 8
161. 1
170. 4
176.6
189.2
207.3
214. 4
213.4
221 .4

239.5
214
286.8
300 .4

315
328. 1
340. 1
351 . 9
364. 3
376.8
389. 4
401. 7
413.8
425. 7
437. 7



3M COMPANYI'.. MARCH 3, 1983
-CHAN(NDS.) 38 39 40

T IME (MIN
2 76.6 El1.6 77.8
4 92.7 1±2 96.7
6 109.7 159.3 Ui9.1
a 126.1 192.4 140.3
10 139.4 212 ±60,
12 152.7 223.1 174.9
14 165.5 197.9 185.2
16 173.8 215.8 193.6
is ±82.6 196.1 199.3
20 ±86 ±65.5 206.9
22 196.8 192.7 2±5.2
24 2±0 229.7 226.6
26 26±.4 299.5 246.2
28 361.8 420.7 275.7
30 447.7 528 320
32' 451.8 419.S 403.2
.34 543.9 931.2 464.9

36589 S98.3 5±9.7
ý36 623.9 646 564.9
40 875.2 694.S; 617.5
42 714.2 734.S 664.4
44 756.7 767.9 703.7
46 788.3 798 740.9
48 S17 826.4 769.8
so 848.4 854.9 797.1

52872.1 883.3 824.7
54 896.9 909.3 850.7
S 6 923.1 934.3 878.3

58946.9 958 7 902.9
60 968.5 981.3 927.3

ILL. B51



3M COMPANY
MARCH 3,, 1983

CHAN(NOS.) 86 87 88 89

TIME(MIN.)
2 81.6 74 71.8 72.2
4- 93.1 82.7 77.2 74.5
6 £04.1 89 82.2 79.7
8 122.1 106.6 93.1 66.1.
t0 140 120.6 98.8 92.8
12 163.4 135.6 110 104.4
14 £84.9 150.2 123.8 116
16 209.5 1S4.2 £41.8 £28.4
£18 235.2 170.4 161.9 148.4
20 258.2 s.1852- 180.4 168.4
22 273 200.4 196 186.2
24 309.9 21S.5 209.5 207.9
26 341.9 308.7 240.2 211.6
28 3 62. 324.5 2262. 9 219.7
30 379.2 338.3 283.9 248.5
3.12 394.6 364.7 302.1 280.7
34 409.8 383 319.7 312.4
36 423.2 399.3 333.6 337.9

38436.7 413.d 351.2 358.4
.40 452.4 428 371.2 377.4
42 467.5 444.9 388, 396.2

44481.6 459.9 404.5 412.6
46 495.3 476.7 420 428.5
48 509.1 486.8 436.8 447.7
s0 522.8 494.2 453.3 466.5
52 536.9 508.9 471.7 485.8
54 550.9 523.9 493.2 505.4
56 565.4 538.9 513.7 524.4

58 58.6 552.2 535.6 543.8
60595 566.8- 554.22 563.1

R1OI25-2

ILL. 18&



- 3M COMPANY
MARCH 3, ±983

CHAN(NOS.) 82 83 84 85

TI ME (M IN.)
2 70 70.3 70 70.7
4 72.2 73.1 74.0 73
6 79.5 78.5 86.7 85.9
8 93.7 82.5 92 94.6
10 £05.1 99.9 97.4 94.7
12 11S.4 98 104.3 111.4
14 127.1 106 112.5 2.
16 141.7 114.7 125.2 155.9
is 148.7 123 142.4 164
20 1627 137.7 £62.3 £80.7
22 £77.6 158.9 £85.8 £95.8
24 194.6 186 7 20a9. 2 213.2
26 2 12 192 209.6 216.8
28 211.8 205.1 209.3 280.3
30 215.9 220 249.2 308.1
32 252.9 25S.6 272.9 331.2
34 273.3 272.3 293.21 3S2.5
36 285.4 289.3 313 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
46 347.6 387.9 413.4 483.7I_48 360 406.5 432.7 503.81

-so 371.S 428.8 452.2. S23.4
52 383 2 449.5 471.9 543.8
54 394,8 469.9 491.2 565.9
5t6 406.S 489.9 510 507.8
Se 418.1 510 529 606.9
60 429.3 530 547.7 624.3

R 10125-2
ILL. B17



3M COIIPANY
MARCH 3, 1983

CHAN(NOS.) 94 9s 96 9?

TIME(MIN.)
2 84.6 101.9 131.5 198.2
4 118.8 162.6 220.7 234.3
6 195 200.9 373.2 341

8.204 197.S 477.5 432.6
10 203.9 196.1 571.1 502.7
12 204.8 197.5 65£.? S63.7
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 4220 .5 3S4.7 907.4 780.6
26 463.9 368.9 942.9 817.5
28 493.3 405.4 967.5 844.9
30 521 454.5 1032.4 865.3
32 548.4 502.4 1063.6 885.6
34 576.4 547.1, 1089.2 898.8
3.6 603 585.9. 1119.6 912.4
.36 627.3 618.2 1147.1 933
40 651.6 646.9 1172.3 965.4
42 676.6 675.6 1192.S 986.8
44 704.9 704.5 1210.2 1002.6
46 734 734.2 122S.6 1019.3
48 767.4 765.5 1232.9 1041.8
.50 813.8 802.1 1240.6 1077.7
5.2 885.7 853.4 1266.8 1147
S4 990.6 924.5 1294.4 1237.2
56 1 109. 4 1016.3' 13i2.5 1292.9
58 1199.1 1105.6 1317.2 1307.7
.60 £246.4 1171.2 1316.8 1308.4
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