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Fim ENDURANCE TEST OF

PREFABRICATED ROOF PAIIGL

by

E. Bender

J, V. Ryan

ABSTRACT

A fire endurance test was made on one roof
specimen, representative of prefabricated construc-
tion for use in very cold climates. Screvjs and
washers were used as a means of prolonging the
retention of gypsum board on the fire exposed sur-
face. The fire endurance of the specimen'll^ ^0
minutes.

1. INTRODUCTION

At the request of the U. S. Naval Civil Engineering Lab-
oratory, Port Hueneme, California, and Headquarters, U. S.
Mr Force, a test was conducted on prefabricated panels
representative of a roof construction. This construction
v;as designed for use in polar regions.

2. SPECIMI

Ihetest specimen was assembled from prefabricated panels.
Bach panel consisted of a wooden frame and a resin impregnated
paper honeycomb insulation with a metal skin cemented to each
face. The individual panels locked together to form the
specimen.

The specimen was made by assembling the panels as received.
No extra panels were available for disassembly and detailed
examination. Therefore, the description is based in part on
the representations of the designer, some of which could not
be checked during examination of the debris after the tests.
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The specimen was 16 ft long hy about 12 ft 6 in. wide,
made up of three roof panels, marked R2, plus an angle panel,
marked Rl, for transition from roof to side wall. The R2
panels were 16 ft long, in. wide, and 4-9/16 in. thick;
and had perlite fill in the honeycomb. The panels were
received with a preapplied rubber, or rubber-like, roofing
of .068 in. thichness.

After assembly of the panels, gypsum boards were applied
to the underside of the roof deck. The area was divided
approximately along the Sast-West centerline (along the short
dimension of the furnace and transverse to the prefabricated
panels). In the north half , ^8 in. thick United States
Gypsum Company Firecode 60 W^lboard was applied as follows:
a full coat of Minnesota Mning and Manufacturing Company
adhesive EC1357 was applied and allowed to become tacky, the
board was then pressed against the deck and held there while
1 in. logg, no. 12 self -tapping sheet metal screws with 13/32 in.
diameter pan beads, and 3/4 in. od washers, were driven into
holes drilled through the gypsum board and lower metal skin of
the panels at l6 in. oc in both directions. The wallboards
were 4 ft wide and 8 ft long. The joints between butted ends
did not fall under the parallel joints between deck panels.
In the south half of the area, a two layer application was
made as follows: in. thick United States Gypsum Company
Firecode Boxboard, in V-edged sheets 2 ft wide and 8 ft long, was
was given a full coat of Minnesota Mining and Manufacturing
Company adhesive EC1357, the adhesive allowed to become tacky,
and the boards applied to the deck parallel to the joints be-
tween deck panels so that the latter joints were covered by
the Boocboard. Flat head i in. long, no. 12 self- tapping sheet
metal screws were driven (until the hea^fe were flush) into
holes drilled through the Boxboard and into the lower metal
skin of the deck panels at 2 ft oc along the centerline of
each sheet of board. The second layer consisted of 3/8 in.
thick United States Gypsum Sheetrock Gypsum Wallboard in 2 by
8 ft sheets. United States Gypsum Perf-A-Tape Joint Cement
was applied to the upper surface with a trowel having , notches
that left lA in. strips of cement at 2 in. oc. The board
was immediately applied transversely to the first layer. The
butt joints did not fall under joints between the Bogcboard or
the deck panels. Holes were drilled through both layers at
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16 in. oc in both directions and 1-1/2 in. long no. 12 self-
tapping sheet metal screws, having 13/32 in. diameter cap
heads, with 3/4 in. od washers v/ere driven into the holes.

iill the exposed joints were given the recommended
treatment of joint cement, paper Perf-A-Tape pressed into
the cement and then a second layer of cement; sanded when
dry, given a thin coat of finishing cement, and sanded when
dry. The gypsum wallboard was then covered with a tv/o coat
application of Interior Semigloss Coating MIL-P-1/971B Ships
green formula 125, Stock No. GT b010-2<36-9090.

3. TEST M3TH0D

The floor furnace was designed in such a manner that
specimens must be built or assembled in the frame that is
an integral part of the furnace.

The specimen was l6 ft long by about 12 ft 6 in. wide
v/hereas the furnace frame was designed for specimens l8 ft
long by 13 ft 6 in. wide. This discrepancy made it necessary
to place supplementary steel in the furnace to support the
specimen. The supplementary steel provided bearing for the
long edge of one E2 unit, for both ends of all three E2
units and for the horizontal portion of both ends of the KL
unit. The fourth edge of the specimen, that edge of the R1
unit that would bear on wall panels in actual use, bore on
the regular furnace beariisg angles. This steel was protected
with metal lath and plaster which also sealed the joint be-
tween steel and specimen.

Temperatures were measured on the unexposed surface and
at the gypsum-deck interface, by thermocouples distributed
as shov/n in figure 1; and in the furnace chamber by thermo-
couples encased in porcelain insulators and iron pipes. The
furnace fires were regulated to provide temperatures as close as
feasible to those defined for the standai'd time-temperature
curve given in ASTM E-119, which includes 1000=>F at 5 min,
1300^F at 10 min, 155^°^’ at 30 min, and 1/00®F at 1 hr.
During the test, the specimen was subjected to an applied
load of 50 lb per sq ft of roof area. Vertical deflections
were measured at the center of the specimen.
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4. RESULTS

The fire endurance test was conducted on June 6, I960
and witnessed by members of the staff of the Fire Protection
Section, National Bureau of Standards, Mr* James R* Powers,
Headquarters, U* S. Air Force ,

and I4r. M. Herrman, Bufards
and Docks.

The exposed surface was ablaze immediately but the flames
died out in about 40 seconds. There were lazy flames on the
surface for about 20 sec, starting at 3 min. Approximately
3 ft2 of the 3/6 in. thick wallboard fell in the southeast
area at Id min, followed by about 8 ft^ in the southwest at

19 min. By 24 min, about 40 ft^ had follen in the south half

j

none in the north (single layer area). After each drop-out,
heavy flames covered the exposed base layer of the two layer
application. At 2b min there were flames from all the joints
between wallboard sheets in the north half, which continued
until the first of this v;allboard fell at 39-1/2 min. By
this time the center deflection of the specimen v#as about 7 in.
and was increasing rapidly. The specimen was judged to have
failed under load at 4o-lA- min. Flames came through the
joint between the west and center roof panels, which had
opened as a result of the load failure. A stream of water
was applied to extinguish the burning specimen and the test
was stopped.

The deflection and temperature data are summarized in
figure 2. At 8 min, when the first wallboard fell, the deflec-
tion was 1.04 in. or about 1/180 of the span. The maximum
temperature between the wallboard and deck was 214 ^ under
the double layer and 26l°F under the single layer application.

Figure Irshows the distribution of thermocouples on the "

unexposed surface and between the gypsum board and deck panels.
The following is a tabulation of the readings from the indivi-
dual thermocouples at 40 min:

TC 1 2

no 82

Ohexposed Surface

3 it 5 6 7 a 9 10 11 12

176 79 79 79 96 88 124 82 82 82
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Gyp sum-Deck Interface

13 14 15 16 17 18 19 20 21 22 23 24

467 214 226 783 — 712 8l6 1555 1067 1180 1332

The fire endurance of the specimen was limited to 40 min
by load failure, and flame penetration through a joint. The
furnace control was such that no correction was applicable to
this time.

Examination after test showed that the glue joint between the
paper honeycomb and the lower metal skin was broken in all the
panels. In many places the glue had adliered to the honeycomb, c

;

closing the cells over areas as great as 2 ft^. Except in
these areas, the perlite had fallen from the cells. The paper
was blackened over only a few small areas and was a medium
brown over the remainder. The lower metal surface of one R2
paael had fallen from place and those of the other t\^o panels
were loose from the wood frame along the long edges. The wood
frame members were charred lightly and were broken at or near
midspan in most instances. Even after cooling, most of the
base layer of 5/^ in. gypsum board in the south half and about
half the single layer in the north half were in place.

5. DISCUSSION

The comparison between the single layer and two layer
applications of gypsum board must be based almost entirely
on the temperature data obtained from the thermocouples
placed at the gypsum-deck interface. The temperatures at
those in the half with the singihe layer started to rise sig-
nificantly about 15 min before any of those above the two
layer application, when one of the latter started to rise,
it was equal to the minimum of the former.

Although most of the finish layer of the two layer applica-
tion fell from place, nearly all the base layer remained,
whereas a significant amount of the single layer application
fell.



ooii'i'x 7lD©fI ‘!i r fa c;-^

C

v/all =v-OI

X.; JS XX oX

XXxX -ao XXX

\ I dl c!I +il cl ^x

C'Xii T^xx 'vb'f^
'5*"

ah-i? -x+i oX beXxinXX axi/ no!T'XoGc.ts ©dX Xo e.oria'KJMe ^xxX oriX

c-iX
,
.•XxXot .o diiXO'XiiX aoXX45‘iX©jaGf| .s&iil'i bn^ ^axicLtiil bBOi xc.

::: a:;;w,.n-olXo!:^xxoD
;

or:
.

XBiiX iXcuQ XonXcoo i

*es:-X j axJX

neewXexf Xftio^ sxX XailX Xbsx X€^cr'ts nolXxnXfiiyrJF
siiX XI3 . iiX. ncxoxd s.3¥ aS:'i^ .CxXeru xei^/cl 0iiX brm bsiotyx&aod

<^iiX oX, Xexerirjxj DBiX Cij'Ig 9dii' ?ieoBXa ril .aX^xi^q
. iU' :d S:-. 2,G levo rXXqo MX gnxaoXo

dfiqLq oiiX .sIX-30 MX hio’xJ. nsXI&X bM -3.XiXx<^q MX eaMX
SJifJitm aiicv F^rcj £::;:'»’r.3 XliJi^i© yaX e ^Irto Ttf^vo bmMo^Id asi:

X>L nao Xc eoB't-xrjB X;:;.X;3ii. 'lowcx MX MX -Xf^vo nwoiX
c.Xp£Jiiq Qv/X ^£C;iJg MX lo caoM biGi:. oc/^Xq bBr! 19X5.^^

X'XG^ ailoX. 9XiX boow- 9£iX ftCXX GBO^'iX 9I9-
•XGGi; '10 nMoxX . o^isw fcG.; ’ViXXr'sxX Xa^ixBM g*£5^k -yzed^Gir^ g>V;G-iX

9iix ’lo Xac'us ^ ^axlo'ob xx-aM iJsM- »?.•§=ruvaxanx Xa-om uX ra-.-qeMfe't

j^foyG biX;:; iiiH.,Li XJgvob 9xi3' nX I-iggg b\c Xo 0EBO
.9y,GXq i:X X-uM ;iX*i:Qi:i >KX .rxi rl^^cXii bxX XX^n

i’iO Io;3i U s XCi

•icvcx okX' bifG ‘xe-'<C2'I. ey^lz' MX xiosqXsd iioax-iBqiHoo ndX
YX^'xXdTiG Xao3[I,G' X98Gd ea Xsxm XxBocf to 8r;oXdii5>i.X..Mr-.

x9i;q;.fOoaisxx/lX g-iIX L^xbXcTo bX.gX sXbXx’i^c'Sfeii BflX '-:

Xa n «^-xuXB-x©qfra X MT .o;^xiX'XcXx:lX 9--X X:- bd aEi(.

”Sl3 o\:X*x oX b3u‘xBX3 8ii!i§M- 0£iX ;iXXv 'XiX-d Mx nX -ooiiX

oyX Mx svooG oX;^ Xa Moiecf ql XGodx vlXfi/

,
ssXm' . o;i beXTaXa ioXXbJ; guX lo 9X0 noXX *no.i:XBOxIqqo

. T9i3*iol 0 iiX 'to reyHxriXr oxiX oX Xodp^^ <?--w dX

axIqqB ‘i8 '

4oX d^j ©dX lo ,:o'^X MXnXl oM lo Xeoai XsiJOi.ijXi..

jboiiXSiO©'! •;[9'v;bI oo:.,,' MX X.lb '^X'lb^a jOOoXq rscxi IX9X uoio
noXXooi; iqqc ^lo'v^'X eXsxiXa eciX %. jciidomz -'•

.XXol



- 6 -

6. SUMi\HY

The results of the test indicated a fire endurance of
^0 min for the particular specimen- It is not practical to
attempt to predict how much^ if any, longer this might have
been had the entire exposed surface been covered with the
tv/o layer application of gypsum wallboard.
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