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V FIRE PERFORMANCE OF SELECTED RESIDENTIAL FLOOR
CONSTRUCTIONS UNDER ROOM BURNOUT CONDITIONS

Jin Bao Fang

Abstract

A series of seven large-scale room burnout fire
tests was conducted with a set of selected residential
floor-ceiling assemblies to provide data on the perfor—
mance of the assemblies; these will be compared with
the results in future tests on the same constructions
in a fire endurance furnace. Four wood-frame and
three light gage steel-frame, loéd-bearing assemblies,
each measuring 3.7 x 3.7 m in size, were exposed from
the underside to a fire environment produced from the
burning of typical furniture and interior finish
materials in a room. The fire resistance periods based
on flame-through of floor assembly and structural failure
of floor joists varied from lO'to 12 minutes for flobrs
with unprotected wood joists and was 4 minutes or less
for floors with unprotected steel joists. The addition
of a 13 mm thick gypsum board ceiling as a protective
layer increased the fire resistance time of the steel

joisted floor assembly approximately 12 minutes.

‘Key words: Fire endurance, fire tests, flame through,

floors, furniture, interior finishes, joists, room
fires, steel, wood.

1. INTRODUCTION

The performance of a residential floor-ceiling assembly under fire
eXposure conditions is of major importance in the confinement of a fire to
its room of origin. Safe evacuation of building occupants and successful
fire fighting operations are dependent on the structural integrity of the
assembly during the fire.

Wood joist framed floor systems have historically been used above

residential basement rooms in single family dwellings. In recent housing
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construction techniques, a variety of light-gauge metal joists and pre-

assembled small section wooden trusses have been proposed and used as

structural components for floor assembiies. These types of floor framing

are claimed to have advantages over comventional wood joists, e.g., lower

price, ability to carry greater loads, and availability of various specified

lengths.  In order to reduce the cost of construction, the floor joists over

basements_are often not covered on the underside with a fire protective

ceiling. A building fire may therefore produce a collapse of the unprotected

load-bearing structural elements and spread flames to the next story. Infor-

mation on the performance of protected and unprotected flooy constructions

when exposed to actual fires is essentfal in the design of fire-safe buildings.

The fire resistance of structural systems is commonly evaluated under

the fire exposure or elevated temperature conditions specified by the standard
ASTM E119 test method [1], and expressed in terms of the time at which the

Structure collapses, passes flame, or has an excessive temperature rise on

the unexposed side. This standard fire exposure curve specified over sixty

years ago represents a limiting curve of burnout tests mostly in masonry

structures and without full recognition of the effects of ventilation (heat

losses through doors and windows). It does not describe the typical fire

environment likely to result in room fires involving modern furnishings.

However, the majority of fegulatory building codes state the fire resistance

requirements of floors in terms of the ASTM E119 test.

The research effort for the current task of the present floor assembly

fire endurance study program sponsored by the Office of Policy Development and

Research within the U.S. Department of Housing and Urban Development (HUD) at

NBS is directed toward providing technical data on the fire performance of

selected loaded floor/ceiling assemblies subject to the specifiéd_fire environ-

ments developed in earlier work [2]. This report describes the experimentai

results of a
loaded, wood
utilized for
and interior

data include

series of seven full-scale fire resistance tests involving selected
and steel framed residential floors. The fire environments

these tests were produced from the burning of typical furniture
finish materials in a full-sized room with an open door. Summary .

the times elapsed to failure of floor joists and to flame-through

of the assembly, the time histories of the floor deflections and the average

unexposed surfage temperature, and other parameters reflecting the fire growth

in the room.

Structural failure of the floor joists and flame-through of the

floor assembly were considered principal criteria since they were related

directly to sudden failure of the floor to provide support or safety to the

occupants (residents or fire fighters). In single-family residential construc-

tions and in

other situations where compartmentation is not a design feature,

the time to exceéssive temperature rise on the unexposed surface of the assembly
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may not be of major significance. However, in this study, excessive surface
temperature rise on the fire unexposed side of the floor was also considered
as a criterion of fire performance.

2. EXPERIMENTAL DETAILS
2.1 Test Room

All of the fire resistance tests were performed in a burn room having
a 3.3 x 3.3 m (10.7 x 10.7 ft) floor with 2.3 m (7.4 ft) ceiling height as
shown in figure 1. A doorway opening measuring 0.8 m (30 in) wide by 2.0 m
(80 in) was situated in the middle of one of the room walls to serve as the
single source of room ventilation. The basic construction of the burn room
was 0.2 m (8 in) thick standard light weight aggregate-concrete block walls
and a concrete floor. The entire test room was built within an air condi-
tioned, large building to control environmental effects.

2.2 Wall Materials

For each test, the internal walls of the test room were lined with 4-mm
(5/32-in) thick prefinished and printed 3-ply lauan plywood panels. The wall
framing consisted of nominal 25 X 76 mm (1 x 3 in) wood furring strips spaced
0.4 m (16 in) on center and secured to the concrete block walls with 5l-mm
(2-in) long masonary nails. The plywood panels were applied with long edges
parallel to the frame with interior hardened 25-mm (1-in) long paneling nails,
0.2 m (8 in) on center. The perimeter seams of the paneling walls were
covered with 15.9 x 9.5 mm prefinished wood shoe molding. A summary of the
initial weights of wall materials used for each test is given in table 1.

2.3 Interior Furnishings

The household furniture used for each experiment were those commonly
found in a recreation room and included a sofa, an upholstered chair and
ottoman, an end table, a bookcase, and a coffee table. A descriptionbof the
materials, size, and nominal weight of these furniture items is presented in
table 2. Figure 1 shows the floor plan of the typically furnished room
illustrating the layout of wall linings and geometrical arrangement of domes-
tic furniture similar to those used in test 9 of basement room burnout test
series [2]. The loading density of the moveable combustibles used for the
series of fire tests was 23 kg/m2 (4.7 1b/ft2) of floor area, which was the
average value for recreation rooms in the basements of single family homes



ip the Washihgton, D.C. metropolitan area [3]. In addition to the furnishings,
old record files were added in sufficient quantities to reach the required
fire load density. A total of 4.54 kg paper was placed atop the coffee table,
1.81 kg each on the tops of the ottoman and the end table, and the rest
(approx. 77 kg) on the shelves of the bookcase. An olefin carpet with foam
rubber backing was placed on top of a protective layer of 16-mm (5/8-~in)

thick, type X, gypsum wallboard covering the concrete floor.

The initial weights and total available heat of the furnishings and
the wall linings used for all of the fire tests performed are given in table
1. The total fire load density ranged from 35.8 to 38.1 kg/m? (7.3 to 7.8
1b/ft?) with an average of 37.1 kg/m2 (7.6 1b/ft?) of floor area. An estimate
of total heat available from the burning of the interior furnishings and wall
linings for each test was made using these weight data and the weight per-
centages of the component materials utilized for constructing the furniture
items based on the information provided in table 2. . The heat of combustion
values employed for the available energy calculations were 16.7 MJ/kg for
paper, 18.6 MJ/kg for wood, 46.5 MJ/kg for olefin fabric and carpet, and 26.5
MJ/kg for polyurethane foam. The combustible load had an available energy
density ranging from 724 to 782 MJ/m? with a mean of 753 MJ/m? of floor area.

2.4 Test Assemblies

For each test, a selected floor/ceiling assembly 3.7 m wide by 3.7 m
long (12 x 12 ft) was built over the top of concrete block walls of the burn
room, carried uniformly distributed loads and was subjected to similar fire
conditions. The portion of the assembly exposed to the room fire belbw was
3.2 x 3.2 m (10.5 x 10.5 ft) finished dimensions. The following types of
floor constructions were tested for their fire resistance in this research.
and a description of the structural elements used for the various assemblies

and applied loads are given in table 3.

Assembly 1

The assembly was supported by nominal 51 x 203 mm (2 x 8 in) wood
joists placed parallel to the wall containing a doorway opening and spaced
0.41 m (16 in) on center as illustrated in figure 2, which shows the con-
struction details and instrumentation layout of the floor system. Each joist
was kiln dried, construction grade no. 2, eastern spruce. The joists were cut
to 3.57 m long and secured to nominal 51 x 203 mm wood rim joists with two
90-mm (3-1/2-in) long 164 common nails at ends of each joist. The rim joists

were toenailed to nominal 51 x 203 mm wood sill plates resting on the tops
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of concrete block walls using 164 common nails spaced 0.41 m on center. Each
. sill plate was positioned with its edge flush with the inner wall surface and
fastened with washers and nuts to 3 anchor bolts embedded in the concrete
which filled the core of top course of blocks in the concrete block wall.

A single layer of 16-mm (5/8-in) thick, underlayment grade Douglas fir
plywood subfloor was 1laid perpendicular to the joists with end joints stag-
gered 0.8l m (32 in) and secured to the joists with 41 mm (1-5/8 in) long
type 512‘screws spaced 0.15 m (6 in) on center at panel edges and 0.31 m
(12 in) on center at intermediate Supports. An olefin carpet with foam
rubber backing measuring 3.67-m long by 3.67-m wide was fixed to the plywood
deck with 16-mm (5/8 in) long carpet tacks spaced 0.20 m on center along its
perimeter.

Assemblz 2

The floor framing used C-shaped, galvanized steel joists, 184 mm
(7-1/4 in) deep with a 45-mm (1-3/4-in) flange, a 14 mm (9/16 in) 1lip and a
1.26-mm (18 gauge)® thickness. The joists were spaced 0.61 m (24 in) on
center beginning with one joist positioned along the centerline of the room
width, except that two end joists had a spacing of 0.41 m from the adjacent
joists to accommodate a 3.25-m span. Figure 3 shows the details of the floor
construction and the arrangement of inst;umentation. Each joist was cut
3.57 m (140.5 in) long and secured to nominal 51 x 203 mm (2 x 8 in) wood
rim joist with two 8d 64-mm (2-1/2-in) long common nails driven through steel
end clips. A horizontal galvanized steel strap, 51-mm wide by 1.61-mm (16
gauge) thick, was installed at the mid-span in accordance with structural
design infofmation supplied by the manufacturer for steel joists. The strap
attached to the bottom flange of each hoist and its ends fastened to the con-
crete block walls. The rim joists were secured to nominal 51 x 203 mm wood
sill plates bolted to the top course of the block walls, with 16d 89~-mm
(3-1/2-in) long common nails spaced 0.41 m on center. ‘

The plywood used to form the subfloor was 16 mm (5/8 in) thick,
Douglas fir, supplied in 1.22 mby 2.44 m (4 x 8 ft) sheets with long edges
tongue and grooved, and marked APA Group 1 interior with exterior glue in
conformance with U.S. Product Standard, PS 1-74. The plywood was installed
with its long dimensions perpendicular to the joists and its end joints
staggered and fastened to the framing with 48-mm (l-j/8-in) long type S12
Screws spaced 0.15 m on center at the panel edges and 0.30 m on center at
the intermediate supports. The 3.67 m by 3.67 m olefin carpet with a foam
rubber backing was secured at its perimeter with 16-mm (5/8-in) 1long carpet
tacks spaced approximately 0.2 m on center.
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Assembly 3

The floor system was supported by C-shaped galvanized steel joists,
184 mm (7-1/4 in) deep with a 45-mm (1-3/4-in) flange, and a 1.26-mm (18
gauge) thickness. The joists were spaced 0.81 m (32 in) on centers, and werwe
fastened to nominal 51 X 203 mm (2 x 8 in) wood rim joists with 8d common
nails driven through steel end clips as shown in figure 4. The rim joists -
were secured to nominal 51 x 203 mm wood sill plates anchored to the top of
the concrete block walls of the test room.

A single layer of 19-mm (3/4-in) thick, underlayment -grade, tongue and
groove, Douglas fir plywood was installed perpendicular to the joists with
end joists staggered 0.81 m (32 in). The plywood was secured ﬁo the joists
with type S12 by 48 mm (1-7/8 in) long screws spaced 0.15 m on center along
the edges and 0.30 m on center along the intermediate joists. A piece of
olefin carpet with foam rubber backing was installed over the plywood deck.

Assembly 4

The test assembly was constructed in a manner similar to Assembly 1,

except that nominal 51 x 203 mm (2 x 8 in) wood joists were spaced 0.61 m

(24 in) on center starting with a floor joist positioned along the horizontal
centerline of the room width, the subfloor was 18 mm (23/32 in) thick, under-
layment grade, Douglas fir plywood with long edges tongue and groove, and the
solid 51 x 203 mm bridging of the joists was installed along the mid-span.
The construction details of this floor system is shown in figure 5. The wood
joists used were southern pine, construction grade no. 2, medium grain.

Assembly 5

The assembly consisted mainly of C-shaped galvanized steelljoists, 184
mm (7-1/4 in) deep, and 1.26 mm (18 gauge) thick, spaced 0.61 m (24 in) on '
center, a 18-mm (23/32-in) thick plywood subfloor, an olefin carpet with foam
rubber backing and a protective layer of 12.7-mm (1/2-in) thick gypsum board -.
ceiling as illustrated in figures 6 and 7. Each joist was 3.57 m (140.5 in)
long and fastened at both ends using 8d common nails driven through galvanized.
steel end clips, to nominal 51 x 203 mm (2 x 8 in) wood rim headers. The rim
headers were secured to sill plates made from the sections of nominal 51 x 203
mm (2 x 8 in), construction grade no. 2, southern pine joists and anchored to
the top course of concrete block walls, with 16d nails spaced 0.41 m (16 in)
on center. A horizontal galvanized steel strap 51 mm wide by 1.3 mm (18 gauge)
thick, was installed along the mid-span, in accordance with the structural
design manual furnished by the manufacturer for steel joists.
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A layer of 18-mm (23/32-in) thick underlayment grade, Douglas fir plywood
subfloor was installed perpendicular to the joists with end joints staggered
0.81 m (32 in) between adjacent rows. The plywood was supplied in 1.22 by
2.44 m (4 x 8 ft) sheet with long edges tongued and grooved and marked APA
group 1, interior with exterior glue. The subfloor was secured perpendicular
to the joists with 48-mm (1-7/8-in) long type S12 screws spaced 0.15 m on
center at the panel edges and 0.30 m on center at the intermediate supports.
All pockets formed by the rim headers, plywood subfloor, and concrete block
walls were filled with 89-mm (3-1/2-in) thick, R1ll, kraft paper faced fiber
glass insﬁlation. The plywood deck was covered with olefin carpet with foam
rubber backing.

The ceiling of thé assembly was a single layer of 13-mm (1/2-in) thick
regular gypsum board installed with the long dimension perpendicular to the
joists and attached to each joist with type S12 25-mpm (1;in) long bugle head
screws spaced at 0.15 m on center along the perimeter of the board and 0.30 m
on center in the field. All joints and exposed scréw heads were taped and
covered with joint compound, and the ceiling perimeter seams were finished
with wood trim. The ceiling was painted with two coats of white interior flat
latex paint.

Assembly 6

The structural members used to support the floor-ceiling assembly were.
305 mm (12 in) deep by 89 mm (3-1/2 in) wide by 3.56 m (140 in) long wood
trusses with nominal 51 by 102 mm (2 x 4 in) wood chords and webs. Aall wood
components had 38 x 90 mm (1-1/2 by 3-1/2 in) cross-section and were kiln
dried, southern pine lumber with construction grade no. 2 for top and bottom
chords and no. 3 for web members. Flat metal connector plates fabricated'from
0.11-mm (20 gauge) thick galvanized steel with 8.28-mm (0.326-in) long teéth
were used to secure the web members to the chords. Two plates-Were applied
with the teeth imbedded in the wood members to both sides of the truss at each
joint. The détails of the wood trusses, which were factory built hy a struc-
tural components and systems producer, are shown in figure 8. The trusses
were spaced 0.61 m (24 in) on center starting with one truss located at the
centerline of the test assembly, except that two end trusses had 0.41 m (16 in)
spacing from the adjoining trusses to adapt to the existing span length, and
secured to each nominal 51 x 305 mm (2 x 12 in) wood rim joist with three
76.2-mm (3~in) long 10d common nails. The rim joists were toenailed with
89-mm (3-1/2-in) long 164 common nails spaced 0.41 m on center to nominal 51
X 203 mm (2 x 8 in) wood sill'plates resting on the tops of concrete block
walls. In accordance with recommended practice, a nominal 51 x 152 mm (2 x
6 in) by 3.45-m (136-in) long wood bridging was installed at approximately

7

IPRS/
o



mid-span and'fastened with three 76 mm long 104 nails to the west vertical
web member in the center of each truss.

A single layer of 18-mm (23/32-in) thick, underlayment grade, Douglas
fir plywood with long edges tongued and grooved, was laid perpendicular to
the trusses with end joints staggered 0.8l m with adjacent rows of plywood
and fastened to the trusses using 51-mm long 6d common nails spaced 0.15m °
on center at panel ends and 0.25 m on center at intermediate supports. The
pockets formed by the rim joists, plywood underlayment and the block walls
were filled with 89-mm (3-1/2-in) thick, R1ll kraft paper-faced fiber glass
insulation. An olefin carpet with foam rubber backing was installed atop the
plywood subfloor.

The ceiling was 13-mm (1/2-in) thick, reéular gypsum wallboard placed
below the trusses with the long dimensidn at right angles to the framing.
Each piece of gypsum board was attached to the bottam chords of the trusses
with 25-mm (l-in) long S12 bugle head screws spaced at 0.15 m (6 in) on center
along the perimeter of the board and 0.30 m on center in the field. All nail
heads and joints were taped and covered with joint compound, and the ceiling
was painted with two coats of white interior flat latex paint. The inter-
sections between the ceiling and the plywood paneling walls were finished with
wood trim. The construction details of the completed test assembly is shown

in figure_9.

Assembly 7

The floor framing consisted of nominal 51 x 203 mm (2 x 8 in) kiln dried,
construction grade no. 2, southern pine joists spaced at 0.6l m (24 in) on
center, with the exception of a 0.41-m (16-in) spacing for the two end joists
apart from the adjacent joists. Each joist was cut to 3.57 m in length and
fastened at its ends to nominal 51 x 203 mm wood rim joist with two 89-mm
(3-1/2-1in) long 164 common nails. The rim joists were toenailed to nominal
51 x 203 mm wood sill plates anchored to the top course of the concrete block
walls, with 89 mm long 16d nails spaced 0.41 m on center.

The subfloor was a layer of 18-mm (23/32-in) thick, underlayment grade, -
APA group 1, interior with exterior glue, Douglas fir plywood with long edges
tongued and grooved. The plywood subfloor was nailed to the joists with 64-mm
(2-1/2-in) long 8d coated common nails spaced 0.15 m (6 in) on center at end
joints and 0.25 m on center at intermediate supports. Fiber glass insulating
blankets, 89 mm thick, R1ll and kraft paper faced, were used to fill the pockets
fcrmed by the rim joists, the plywood subfloor, and the top surfaces of the
block walls. An olefin carpet flooring was secured to the plywood deck at its
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perimeter with 16-mm (5/8-in) long carpet tacks spaced 0.20 m on center.

The entire floor was protected by a layer of 16-mm (5/8-in) thick, type
X, éypsum wallboard installed with the long dimension perpendicular to the
joists and fastened to the wood framing using 32-mm (1-1/4-in) long type S
bugle head screws spaced 0.15 m on center on the perimeter of the board and
0.30 m o.c. in the field. The ceiling-wall seams were finished with wood
trim and the exposed face of the gypsum board ceiling was painted with two
coats of White interior flat latex paint. Figure 10 illustrates the details
of the floor-ceiling assembly.

The initial weights and the estimated total available heat of the com-
bustible materials used for constructing test assemblies for the series of
fire resistance tests performed are listed in. table 4. A heat of combustion

of 18.6 MJ/kg was employed for wood materials.
2.5 Structural Loading

The floor-ceiling assembly used for each test was loaded, prior to the
fire test, with steel blocks, each measuring 140 x 203 x 152 mm (5-1/2 x 8 x
6 in) high and weighing 22.7 kg (50 1b), to provide an approximation to a
uniformly distributed load; this developed maximum allowable deflection or:
bending stresses in the floor joists as contemplated by the design for most of
the tests with the exception of tests 1 and 3. A live load of 195 kg/m?
(40 psf) was applied to the test assemblies for tests 1 and 3 as shown in
table 3, and this loading corresponded to 69 percent and 74 percent of the
respective maximum design loads computed based on maximum permissible deflec-
tion of floor joists. The calculation used as the basis for the selection of
the maximum design load for test 7 is presented in Appendix A, and the floor
plan showing the layout of steel blocks distributed over the carpet flooring
of this assembly is given in figure 11.:

3. TEST MEASUREMENTS
3.1 Temperature

The room air temperatures were monitored through bare beaded, 0.51 mm
(0.02 in) diameter (no. 24 B & S gauge), double-cable chromel-alumel thermo-
Couples at 8 stations including seven locations within the test room and one
in the doorway opening. This type of thermocouple was made of two thermo-
couple cables placed side by side and its measuring junction was formed by
welding the positive wire (chromel) from one cable together with the negative
#ire (alumel) from the other one. This procedure was necessary to avoid the
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problem of the electrical breakdown of the insulation in the individual cables
at temperatures above 800°C. A total of 25 thermocouples were arranged at
various heights in vertical thermocouple "trees" at the seven stations inside
the room as shown in figure 12, and 12 thermocouples positioned in the other
station along the vertical centerline of the doorway illustrated in figure 13.
The air temperatures in the upper part of the room were also measured with
eight commercial metallic-sheathed, mineral-insulated fast-response thermo- -*
couples placed 0.61 and 1.22 m below the floor-ceiling assembly at the mid-
point and the quarter points of the room length, as shown in figure 12. These
fast-response thermocouples were constructed from chromel-alumel wires with
outside diameter of 1.02 mm (0.04 in) and the measuring junctions contained
within capped 6.4 mm (0.25 in) outside diameter stainless steel tubes having
0.9 mm (0.036 in) wall thickness and insulated with magnesium oxide.

The surface temperatures of the plywood paneling and the concrete block
walls were determined at 16 stations with the thermocouple beads attached on
the exposed and unexposed surfaces at selected places. One location was at
the front wall for indicating the involvement of combustible linings in fires,
as shown in fiqure 13; eight were distributed over the back wall in the vicin-
ity of the ignition source on the sofa, shown in figure 14; three stations
each were situated at the left and the right plywood paneling walls, as
illustrated in figures 15 and 16.

The'temperatures on the unexposed side of the test assembly were
measured using nine bare beaded, 0.51-mm wire diameter, chromel-alumel
thermocouples attached to the top surface of carpet flooring and tightly
covered with ceramic fiber pads, 152 mm square by 13 mm thick. Figures 2 to
6, 9, and 10 show the locations of these thermocouples along with three
additional thermocouples beneath the pads used to measure the temperatures at
the points which appeared to be hottest during the test. Surface temperatures
were also taken with the bare beaded, double-cable thermocouples within the
test assembly. Eight thermocouples were installed in both top and bottom
flanges of each selected floor joist, four on the unexposed surface of plywood
subfloor and one thermocouple placed on the fire exposed face of the ceiling *-
at the center of the room for the test assemblies with a gypsum board ceiling,
also shown in these figures. , -

3.2 Floor Deflection

The deflection of the test assembly during the test was measured with
nickel steel cables attached to the midpoint or the quarter points at the top

side of each selected joist, and by means of small pulleys, connected to
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linear displacement potentiometers mounted on one wall of the test building.
A total of 6 check points for each test structure were employed to provide
the relative movement of the floor surface as shown in figures 2 to 6, 9, and
10.

3.3 Static Pressure at Wall

The levels of static pressure developed within the fire room were
continuously measured using 64-mm (1/4-in) outside diameter steei pipes
extending through the left wall (south wall) and into the room with their
open ends flush with the exposed surface of the plywood paneling wall. Two
locations used for these pressure measurements included one situated in the
plane 0.3 m from the front block wall at 0.10; 0.30, 0.61; 1.22, 1.70, and
2.13 m below the ceiling and the other one at the mid-width of the paneling
wall, 0.10 m from the ceiling, as shown in figure 12. The exterior ends of
the pipes were connected by copper and polyvinyl chloride tubing to variable
reluctance pressure transducers. Used in combination with carrier demodulators,
these produced an output of 40 mv per Pa pressure change.

3.4 Heat Flux

The total heat fluxes incident at selected.locations were determined
using 5 Gardon-foil type, water-cooled heat flux gauges. Two of these gauges
were positioned along the vertical centerline of the back wall flush with the
exposed surface of plywood paneling, one each in the left plywood wall and at
the center of the carpet flooring, facing the ceiling, and one gauge.on a
stand located 3 m in front of the doorway with its vertically oriented sensing
element viewing the center of the opening, as shown in figures 12, 14 and 15.
The irradiance measurements were made with one Gardon-foil type, wide angle,
water-cooled radiometer with an air stream to eliminate convective heat
transfer, mounted along the centerline of the left plywood wall flush with

its exposed face.
3.5 Air Velocity at Doorway

The horizontal velocities of the air entering and leaving the fire
room through the doorway opening were monitored with 6 bi-directional flow
probes in conjunction with variable reluctance differential pressure trans-
ducers and carrier demodulators. These probes were installed normal to the
pPlane of the opening along its vertical centerline and located at 0.13, 0.48,
0.84, 1.19, 1.55, and 1.91 m from the top of the doorway, as illustrated in
figure 13.
11



3.6 Optical Density of Smoke

‘ Continubusjmeasurements of the optical density of the smoke at various
locations were made by determining the attenuation of a collimated light beam
passing through the effluent gas and impinging on a photodector. The light
sources were auto spot lights energized by a regulated 6-volt D.C. power
supply and the receiver units included photodetectors (PIN3DP). The two
locations used to monitor smoke concentrations were (1) in the doorway with *
5 horizontal measurements at distances of 0.08, 0.30, 0.53, 0.97, and 1.50 m
from the top of the opening, with a 0.76 m long path length along the doorway
width, as shown in figure 13, and (2) outside the room, with the light beam
having a path length of 2.07 m, horizontally underneath the exhaust hood
installed above the door opening. ' A

3.7 Gas Concentrations

The combustion gas venting from the fire room was sampled at four
locations for measuring the concentrations of selected gas species. Three
sampling ports were situated in the doorway at distances of 0.08, 0.38, and
0.76 m down from the doorway top and one in the stack connected to the exhaust
hood. Gas samples withdrawn from the stream of combustion products using
stainless steel tubing, after passing through cold traps and filtering tubes
packed with glass wool, were analyzed for 02, COZ’ and CO levels. Concentra-
tions of CO2 and CO were measured by means of non-dispersive infrared gas
analyzers and O2 was measured with polarographic type oxygen cells.

3.8 Data Acquisition

A total of 136 sensors including the thermocouples and various transducers
were automatically read and recorded by a high speed digital data acquisiﬁion
‘system. The data were collected on a magnetic tape at a rate of 8 seconds
per scan during the entire duration of test, and subsequently transferred to

the computer for processing, tabulating, and plotting.
4. TEST PROCEDURE
4.1 Fire Test

For each test, the test assembly was loaded with steel blocks to the
prescribed load density. The application of the uniform load was normally
made within a couple of days prior to the fire test. The ignition source
used for all the experiments was a section of newspaper weighing 400 g and
placed along the central backrest and seat cushions of the sofa supported by
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a steel frame holder to insure reproducible ignition conditions between
tests. The paper was conditioned to equilibrium with room air controlled at
a dry-bulb temperature of 23 + 3°C and a relative humidity of 50 + 5 percent
prior to the test. The fire test was started by remotely igniting the news-
paper using an electric heating element and a book of paper matches. Visual
observations and photographic and video tape records were made of the pro-
gress of the room fires, the burning characteristics of the assembly, and
:flame—through and collapse of the structural elements. The fire was allowed

¢

to burn until the structural failure occurred in the test assembly.
4.2 Fire Resistance Criteria

The structural failure was considered to have occurred under any one of

the following first two conditions:

l(a) The test assembly collapses, no longer sustaining the applied
load. »

(b) The collapse of test structure can be expected to occur when both
total deflection has attained or surpassed L2/800d, and an hourly
deflection rate has equaled or exceeded L2/150d, in which L is the
span between supports of structural element, and 4 is the distance
between the upper and lower extreme fibers of structural component
or assembly [4].

2. " Flames or hot gases pass through the test assembly to its unex-
posed face.

3. The average temperature of the unexposed surface of test structure
increased more than 139°C above its initial temperature or 181°C
at one point.

5. TEST RESULTS
5.1 Room Fire Exposure

Logs of visual observations and records inferred from video tapes taken
through the doorway of the fire room, and at the unexposed surface along the
center joist during the course of the test are given in appendix B. Also,
table 5 presents a summary of experimental results on duration of the test,
initial room air temperature, time to appearance of visible flames on the
newspaper used as the ignition source, time to room flashover based on self-
ignition of two types of indicator specimens and attainment of a 20 kW/m2
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heat flux level at the center of the floor, and times elapsed for flames
‘issuing out of the‘doorway and for spontaneous ignition of the olefin carpet
floor. 1In general, all of the tests performed had a similar history of major
events observed during the course of room fire growth. Sustained flaming on
the ignition newspaper in the middle of the sofa was normally observed at
approximately 0.1 to 0.8 min, the sofa was ignited within the next 0.2 to 0.6
min, and the flames from the burning sofa reached the ceiling at 0.6 to 1.3
min after.flame appearance.

The éime of appearance of visible flames on the newspaper was utilized
as the reference time due to variability of the buildup of flaming on the
newspaper. The rear plywood paneling wall adjacent to the middle of the sofa
became ignited at times ranging from 1.0 to 1.7 min and was immediately fol-
lowed by vertical flame spreading over the wall surface. As the temperature
increased, the flames traveled across the ceiling and the hot gas layer de-
scended to approximately two-fifths of the room height, and the flashover
indicators and all other combustible materials soon ignited. The flames
blended with heavy smoke passing out of the doorway opening usually océurred

immediately before or just after flashover.

As shown in table 5, the times from the sustained flaming of the news-
paper on the couch to the spontaneous ignition of the flashover indicators
varied from approximately 1.5 to 2.5 min with an average of 1.9 min for
newspaper and 1.5 to 2.5 min with a mean of 2.0 min for filter paper. The
time at which the heat flux incident at the center of the floor exceeded
20 kW/m? was found to range from about 1.4 to 2.4 min with an average time of
1.8 min, which was in agreement with those taken for self-ignition of flash-
over indicators. The average values of the time elapsed prior to flames
emerging from the doorway and to ignition of the olefin carpet were found to
be 1.7 and 2.1 min, respectively.

Table 6 presents the measured results including the maximum upper room
gas temperature, the maximum rate of heat released within the fire room and
that discharged through the stack, the maximum flow rate of air flowing in
and through the doorway opening, the neutral plane height above the floor
level, and the maximum static pressure developed within the room at the peak
of the fire. The mean temperature of the hot gas in the upper part of the
fire room was obtained by averaging the readings of fast response thermo-
couples placed at six locations 0.61 m below the ceiling. As shown in the
table, the peak room gas temperature varied from approximately 770°C to
1020°C. Lower temperatures are listed for the first four tests involving
unprotective floor assemblies since the tests had to be terminated before

the fire was fully developed.
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The total rates of heat released within the fire room were computed from
-the oxygen used using the procedure similar to that in earlier work [2].
Based on the data for OxXygen concentration, gas velocity, and temperature
meesurements of the outflowing combustion products in the doorway and in the
smoke stack, the calculated results for the individual room fires during
their fully developed period are summarized in table 6. In test 7, there '
appeared to be some difficulties with the gas sampling system for the door-
way oxygen and carbon monoxide concentrations, which caused the former to be
high and £he latter to be low throughout the test. As shown in the table,
the maximum heat release rate was found to range from approximately 3000 to
4100 kW with an average of 3710 kW based on the data derived from the doorway
measurements, and 5400 to 8500 kW with a mean value of 7480 kW from the stack
measured data. The higher values at the stack in comparison with those at
the doorway were attributed to the additional large quantities of heat evolved
from the burning of the excess pyrolysates with the entrained air underheath
the exhaust hood outside of the fire room.

The peak level of experimentally determined flow rates of air inflow
induced by room fires through the doorway opening varied widely from approxi-
mately 0.6 to 0.8 kg/s (average 0.69 kg/s) and exhausting gas outflow ranged
from 1.6 to 1.8 kg/s (average 1.67 kg/s), respectively. The lowest height of
the neutral plane in the doorway was found to be relatively constant with an
average value of 0.67 m above the floor level or approximately one-third of
the doorway height. The maximum values of static pressures measured at the

south wall 0.1 m below the ceiling ranged from about 13 to 15 Pa for all test
fires.

Measured results of the rate of heat transferred to the selected loca~-
tions in the room walls and the floor and in front of the doorway outside of
the room are summarized in table 7. The average of the highest readings of
two heat flux gauges situated in the west and south plywood walls at a dis-
tance of 0.61 m beneath the ceiling is also listed in the table. As shown,
the peak level of total flux acting at the walls varied from approximately
100 to 180 kW/m2 with a mean of 150 kW/m? for wood-frame floor assemblies and
ranged from 110 to 160 kW/m2 with an average of 130 kW/m? for steel framed
floors. The higher wall surface fluxes with wood framings were probably due
to thermal emission from the thicker flames at +he ceiling in addition to
convective and radiant heating from the upper walls and hot gas layer. Also,
illustrated in the table, the maximum heat flux incident at the center of the
floor was found to vary from about 125 to 160 kW/m? with the average value of
140 kW/m2. The peak rates of heat transferred to a point outside the room
and spaced 3.05 m from the doorway opening from the emerging flames and the

room fire were of the order of 40 kW/m2
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The peak levels of the optical density of the smoke, the CO and CO,
gas concentrations; and the lowest oxygen content in the effluent gas measured
separately at the doorway and at the smoke stack are shown in table 8. The
maximum concentrations of smoke and toxic combustion products leaving through
the doorway opening for all the tests were found to have average values of
3.9 OD/m for smoke particulates, 10 percent for CO and 18 percent for Co,
gas. The lower, level df CO observed at the smoke stack than at the doorway
was due primarily to further combustion with oxygen and dilution by entrained
air before it reached the stack sampling probe.

1

5.2 Performance of Test Assemblies

Assembly 1

Flame penetration which occurred near the joint between two sheets of
plywood subfloor in the southwest corner, located above the right arm of the
sofa, was observed at 10 min:17 sec. There was a load failure with the fall-
ing of steel blocks onto the floor, resulting from structural collapse of the
centrally located wood joist, at 10 min:43 sec. The average surface tempera-
ture of the carpet finished flooring -increased rapidly to 206°C at 11 min:7 sec
and the individual temperature readings at 2 locations exceeded 240°C at
10 min:59 sec.

Assemblz 2

Failure of the assembly took place at 3 min:47 sec by the passage of
flames through to the unexposed surface near the center of the assembly. The
deflection of the test floor measured at the center point showed a rapid in-
crease after 3 min:31 sec and the central joist collapsed at the same time as
flame-through. The temperature rise on the unexposed surface in the vicinity
of burn-through area reached 163°C at 3 min:41 sec.

Assemblz 3

Flame penetration near the west quarter point along the center joist
and the west side of the tongue and groovevjoint between two sheets of ply-
wood underlayment located above the right seat cushion of the sofa was -
noticed at 3 min:58 sec. Structural collapse of the center joist based on
the results of deflection measurements occurred at 3 min:59 sec. One thermo-
couple positiohed on the carpet in the neighborhood of the flame-through
region indicated a steep temperature rise to 239°C at 4 min:7 sec. The
average temperature rise of the surface thermocouples was less than 45°C at

the end of the test.
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Assemblz 4

Deflection measurements at the center of the assembly showed a rapid
increase at 11 min:52 sec and the centrally located joist fractured with the
fhlling of steel blocks into the fire room at 12 min. Passage of flames and
hot gases through the assembly to the unexposed surface occurred at »
*2 min:2 sec in an area near the center of the assembly on the southeast side
and somewhat away from the thermocouple locations. The average surface temp-
erature on the carpet flooring increased rapidly to 462°C at 12 min:8 sec,
and the individual temperature rise of greater than 163°C occurred almost at

the same instance of flame pPenetration.

Assemblz 5

Failure of the gypsum board ceiling with falling of small fragments of
ceiling materials to the floor was observed at 13 min:9 sec. Penetration of
flames through the test assembly to the unexposed surface occurred at
15 min:58 sec. The flame-through region was located near the west quarter
point of the floor joist situated south of the center joist, and at the
juncture of the three sheets of plywood in the southwest direction from the
center of the assembly. The floor sagged more rapidly with a maximum deflec-
tion rate of 6.0 mm/s at the time of flame-through, but its joists did not
collapse entirely into the test room due to the support from the horizontal
steel strap along the longitudinal centerline. However, this defleétion rate
of the center steel joist exceeded the specific deflection rate of 0.11 mm/ s
calculated based on a criterion of structural failure proposéd by Ryan and
Robertson [4]. The average temperature rise of the unexposed surface and the
individual temperature méasured in the vicinity of the flame-through region
showed a rapid increase up to 163 and 236°C, respectively, at time of flame
passage. '

Assembly 6

The protective layer of gypsum board utilized as the ceiling finish for
the assembly failed at 11 min:51 sec. During construction of the test
assembly, small wood strips 13 x 38 mm in cross section, were nailed to nomi-
nal 51 x 305 mm wood rim joists to accommodate 305 mm deep wood trusses. The
joints between these two wood pieces were covered with duct tape on the unex-
posed side of the test room. The flame penetration at one taped joint located
above the middle of the west block wall occurred at 17 min:46 sec, which was
7 sec earlier than the passage of flames through the assembly near the center.
‘he temperature rise of one surface thermocouple positioned on the carpet
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exceeded 163°C at nearly the same time as the flames passed around the rim
joist. The centrally located joist did not fail until 18 min:34 sec, due
priﬁarily to the support of the nominal 51 x 152 mm wood bridging fastened at
mid-span, with common nails.

Assembly 7

The éypsum board ceiling began to disintegrate and fell away in random
fragments onto the floor at 23 min:6 sec. Passage of flames through the
assembly to the unexposed surface was recorded at 35 min:8 sec. An approxi-
mately 0.3-m square opening burned away by the fire was situated between the
center joist and its adjacent joist to north, and at 0.76 m from the front
wall containing the doorway opening. The records of floor deflection measured
at the center of the assembly indicated a significant deflection at 35 min:2
sec, and the maximum downward movement at a rate of 8.4 mm/s occurred at
35 min:18 sec. The maximum values of the average and the individual tempera-
ture rises on the unexposed carpet surface at time of test termination were
69 and 108°C, respectively, since thermocouple locations were away from the
burn-through region.

6. DISCUSSION

There are many sources influencing the results of test measurements,
such as the variations of test materials and assemblies, environmental con-
ditions, instruments, and calibration techniques. It is not feasible to
eliminate these variations completely, particularly the non-uniformity of
building materials normally encountered. In order to estimate these uncer-
tainties, a statistical analysis was performed on the experimental data
during the period prior to failure of the assembly for the three fire tests
from the current floor assembly test series which had gypsum board ceilings
and one similar test from the earlier series [2]. The repeatability of
large-scale robm fire test used for evaluating the fire performance of these

selected, load~bearing, floor-ceiling assemblies is discussed elsewhere [5].

Time variitions of the average gas temperature in the upper part of the
fire room for all the tests conducted are shown in figures 17 and 18 along -
with the newly developed fire exposure curve. The derived fire exposure
curve was obtained by approximating the experimental temperature versus time
curve obtained. in test 9 from a series of basement room fire tests [2] with
a smooth curve. 1In this particular test, the 3.2 x 3.2 m burn room was
finished with plywood paneling walls and gypsum board ceiling, and furnished
with a typical loading of 23 kg/m? of domestic furniture. The newly developed
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temperature-time curve, which corresponded to an approximate average over the
range of test conditions examined in the test series, was considered to be
more realistic representation of room fires in residential occupancies. The
gas temperatures plotted in the figures were the spatial average value at
various times of gas temperatures measured with 6 fast response thermocouples
located 0.61 m below the underside of test assembly. As shown in the figures,
the temperature levels of the room gases were nearly the same during the fire
érowth period, significantly varied after room flashover, and then’slightly
scattered. The gas temperatures attained in the fire room with the exposed
wood joist/plywood subfloor as ceiling materials (tests 1 and 4) were consid-
erably lower than those in the rooms lined with gypsum board ceilings (tests
5> to 7) during the fully developed stage. This was due to increased rates of
heat absorbed in maintaining the supply of volatile products from the
pyrolyzing cellulosic materials and to the dilution of the heated air by the
gaseous pyrolysis products which remained unburned in the oxygen-starved
atmosphere. It can be noted that the temperature level of room gases in

test 7 climbed once again toward the end of the teét period due to the gradual
and then rapid involvement of the wood joists and plywood subfloor after the
disintegration of the protective gypsum board ceiling. The pyrolysis of the
pPlywood had a positive effect on the temperature in the room during this time
period because the fire was no longer ventilation-limited and the pyrolysis
products were able to burn in the room.

The performance of the various floor-ceiling assemblies in terms of fire
resistance periods in the room burnout tests are summarized in table 9. The
fire resistance of the test Structures is expressed as the time taken from
appearance of sustained flaming of the newspaper on the sofa to (1) passage
of flames through openings or cracks developed in the assembly, (2) structural
collapse, or (3) the attainment of either an average or a maximum individual
temperature on the unexposed surface of 139 or 181°cC, respectively, above-its
initial temperature, whichever occurs éarlier. Also, in the table are the
maximum deflections measured at the center of the individual floor construc-
tions. Structural failure of the floors was recorded when the flocr support
joists collapsed or when the maximum rate of floor deflection exceeded a
specific deflection rate of 0.11 mm/s based on load failure criteria [4].

The times taken to collapse of the floor joiéts determined on the basis of
visual observations and video tape records were generally in good agreement
with the recorded deflection data.

As illustrated in table 9, failure attributed to penetration of flames
through the test structure or collapse of floor joists varied from approxi-
nately 4 min for an unprotected steel joisted floor to 35 min for a floor
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with a type X gypsum board protective ceiling. In general, the passage of
flames through the assembly usually occurred slightly before structural
failure because .the deflection of floor joists with increased temperature
levels developed openings at the plywood floor joints for flames to pass
through. The unprotected floor assemblies consisting malnly of a plywood ,
subfloor supported by steel joists generally failed within 4 min compared to
10 to 12 min for those with wood framing. This was due to small thickness

and high thermal conductivity of steel members and the rapid reduction in
modulus of. elasticity and yield strength of these structural elements at
elevated temperatures, which caused the larger deflections of the floor joists
and provided increased joint separation and wider gaps for flame-through.

For the fire protective assemblies, the gypsum board ceiling provided a
thermal barrier for retarding the heat transmission to the plywood subfloor
and the floor joists. The addition of a protective layer of gypsum board on
the ceiling inc:eased the fire resistance period approximately 12 min for

13 mm thick regular board and 23 min for l16~mm, type X gypsum board.

It can be noted that the static loads applied to assemblies 2 and 3
were 100 and 74 percent of the respective maximum permissible design loads as
given in table 3. As shown in table 9, the collapse times for these two
steel frame floors under different applied load conditions did not vary
greatly and the difference in time was within 5 percent. While it may be
anticipated that the collapse time will be greater for a floor-ceiling
assembly with lower loads than those with higher loads, this could not be
verified from these limited tests. The floor system used in test 1 involving
wood joists stressed to 69 percent of the maximum allowable value and placed
0.41 m apart had a shorter time to collapse structurally than those employed
in test 4 where the load ‘applied to the assembly developed the full design
stress in the joists spaced at 0.61 m on center. This smaller failure time
might have resulted from a greater reduction in cross-sectional area due to
wood charring as the floor joists were installed parallel to the wall with
the doorway opening and probably received a higher heat flux at the exposed
surfaces. Also shown in the table, the maximum deflection of the floor
assembly for individual tests ranged from approximately 150 to 360 mm. The
small defluctions for the assemblies used in tests 4 and 7 were probably due
to the support of a solid wood bridging installed along the longitudinal
centerline.

The time variations of the floor deflections measured at the center of
the test assembly for individual tests are shown in figure 19. As shown,
the steel framed floors (tests 2, 3, and 5) had similar deflection curves

where the deflection became significant only near the time of structural
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failure of the center joist at which time it rose rapidly. The wood floors
(tests 1, 4, and 7) were slower to deflect than the steel floors and experi-
enced a period of slowly increasing deflection due to gradual loss of the
.ensile strength of wood structural elements. The characteristics of the
deflection for the assembly framed with wood trusses with steel fasteners
(test 6) were intermediate to those of the floors supported by steel and
wood joists.

Figure 20 illustrates the floor deflections at the center and the quarter
points along the centrally located joist at various times for teét 2. It can
be seen from the figure that the rates of deflections at the center and the
west quarter point increased more rapidly than that at the east quarter point,
although the temperature differences in the room at these locations were less
than 60°C. The temperatures developed in the steel joist at the sections of
both quarter points were found to be apbroximately the same, but the deflec-
tion was substantially different, especially at times of imminent collapse of
the joist. The reason for this wide variation in deflection during the course
of the fire is not known. (Note that the west quarter point was over the
sofa where the exposure might be greater for the first 4 minutes.)

The average surface temperatures on the unexposed side of the floor-

ceiling assembly as a function of time for all the tests performed are shown
n figure 21. These average temperatures were derived from averaging the
readings of 10 thermocouples attached on the carpet surface, including 9
equally spaced thermocouples and one located 1.52 m from the south edge and
0.76 m from the west end of the assembly. As would be expécted, the unpro-
tected assemblies (tests 1 to 4) had a faster rise in surface temperéture
than the floor systems with a fire protective ceiling (tests 5 to 7). In the
tests conducted, the average temperature increases of greater than 139°C
above the initial temperature on the unexposed surface were not observed
before failure by passage of flames through the assembly. As shown, the
protective ceiling delayed the time of temperature failure by approximately
12 minutes for 13 mm gypsum board and more than 23 minutes for 16 mu type X
gypsum wallboard.

A comparison of the surface temperatures attained at the top and bottom
of the steel joist and that at the top of the plywood subfloor located above
the center of the room for the tests with and without a protective ceiling
(tests 5 ang 3) is shown in figure 22. as shown, the temperature in the top
flange of the floor joist was consistently lower than that in its bottom sur-
face. This was due to the fact that there was continuous conduction of heat

vay from the top surface to the cooler pPlywood subfloor, and for the
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.unprotected assembly, the bottom flange received directly more radiant energy
than the top one. As would be expected, the surface temperatures of the sub-
- floor increased at a slower rate because of lower thermal conductivity of
plywood compared to structural steel.

Figure 23 shows a plot illustrating the relationship Between the measured
floor deflection at the center of the test assembly and the corresponding
average témperature of the centrally located steel joist at the same instancé
for tests-2, 3, and 5. The steel temperature was obtained by averaging the
readings of the two thermocouples attached to the top and bottom of one cross
section along the longitudinal centerline of the test assembly. As shown in
the figure, the deformation of the steel joist became greater as the average
temperature of the structural element increased with fire development. Rapid
deflection of the assembly occurred and the floor joist failed to support the
applied load when the joist reached a temperature level of approximately 650°C
for the unprotected floor assembly and 820°C for the floor with a fire pro-
tective ceiling. These steel temperatures were higher than the permissible
temperature of 593°C for steel structural elements [1]. There was a consid-
erable fall in the steel temperature when the floor deflection was approxi-
mately 80 mm in test 5. This was probably due to the decrease in local air
temperatures resulting from the dilution of the heated air surrounding the
joist by the gaseous pyrolysis products from the decomposing plywood subfloor.
A similar plot of floor deflection versus the average of the surface tempera-
tures measured at the top and bottom of the cross-section located at the
middle of the center joist involving wood framed floors for tests 1, 4, and 7
is given in figure 24. As shown, significant deflection was not perceived
until the average exterior temperatures of wood joists attained a temperature
level ranging between 650 and 750°C. The failure of wooden structural elements
was as a result of the reduction in cross sectional area due to charring and
burning during the fires. The charred. and burned areas were estlmated to
vary from approximately 53 to 75 percent original cross sectional area for
these tests. With the decrease in cross sectional area, the shear and
bending stresses increased and the joist failed when these stresses exceeded
its yield ‘point.

The time variations of the steel temperatures derived from averaging
the values of surface temperatures measured at the top and bottom of the
cross sections situated at various locations are shown in figure 25. It can
be noted that the temperatures developed at two locations in the center joist
increased more rapidly prior to room flashover than those in the other two
neighboring joists due to earlier and direct exposure to the developing fire.
However, this temperature difference attributed to relative locations of floor

joists involved with the fire reduced with time after flashover.
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The variations in time of the central deflection of the test assembly
and the temperatures of the steel joist and room gas located along the ver-
tical centerline of the test rocom for test 3 are shown in figure 26. As shown,
the temperatures attained in steel member closely followed the temperature
fevels of surrounding gas, which depended upon the fire process. This was
attributed to small thermal inertia because of the relatively high thermal
@onductivity and small thickness of steel joists used in the assembly. Also
shown in the figure, the floor deflection increased with an increase in the

joist temperatures.
7. SUMMARY

Based on the experimental results of 7 room burnout tests to evaluate
the performance of protected and unprotected, load-bearing, wood and steel
framed residential floors subjected to a newly developed fire exposure

condition, the following observations were made:

(1) The unprotected light gauge steel-framed assemblies allowed the
passage of flames and suffered structural collapse in 4 minutes com-

pared to approximately 10 minutes for the exposed wood frame floors.

(2) The use of a 13 mm thick regular or a 16 mm thick type X gypsum
board ceiling increased the endurance time by about 12 min and 23 min,
respectively.

(3) Under fire exposure, wood framed floors deflected at a slower rate
compared to steel-framed floors; their ultimate collapse is ascribed to
gradual reduction in the cross sectional area of floor joists caused by

the charring and burning of wood.

(4) Failure due to passage of flames to the unexposed surface of the
floor structure resulted from the increased deflection of floor joists
with elevated temperatures, which promoted joint separation aid developed
openings in the plywood subfloor.
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Table 2. Descriptions of combustible contents

" Item Material Size Initial Weight
(ig).
Sofa Grade 1, 100% olefin upholstery 2.15 m wide x 47
fabric, cotton batting side arms, 0.85 m deep x (frame - 24 kg,
foamed polyurethane seat, back 0.81 m high foam - 6.8 kg,
and side cushions, wood frame cover - 6.4 kg
' batting, etc. -~
9.8 kg)
Upholstered Grade 1, 100% olefin cover 0.79 m W x 23
Chair fabric, urethane foam seat 0.91 m D x (frame - 11.3 kg
cushion, cotton batting, wood 0.93mH foam -~ 2.3 kg
frame cover - 1,8 kg
batting, etc. -
7.6 kg)
Ottoman Grade 1, 100% olefin cover 0.61 mW x 7.7
fabric, urethane foam, wood 0.46'mD x (frame - 4.5 kg
frame 0.43 mH foam ~ 0.9 kg
cover - 0.9 kg
batting, etc. -
1.4 kg)
Coffee Laminated veneer top and 1.52 oW x 21 kg
Table sides, finished hardwood 0.51 mD x
0.41 mH
End Laminated veneer top and sides, 0.58 mW x 10.4 kg
Table finished hardwood 0.69 mD x
0.51 mH
Bookcase Wood particle board with 0.76 mW x 42 kg
melamine finished surface 0.36 mD x
1.83 mH
Carpet Olefin pile with rubber foam 3.2 x3.2m 20 kg
cushion backing x9.5 mm thick
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Table 3. Descriptions of test assemblies and loading conditions

Structural Elements
Painted Percent
Gypsum of
- Plywood Board Maximum
Test | Floor Subfloor** Ceiling Joist Allowable
No. Joists* Thickness - Thickness Spacing Applied Load , Stress
mm in mm in m in kg/m# 1b/ft?
. i
1 | Wood 15.9  5/8 i none none | 0.41 16 195 40 69
Joists !
2 | Steel 15.9 5/8 none none { 0.61 24 352 72 100
Joists
3 Steel 19.1 3/4 none none | 0.81 32 195 40 - 74
Joists
4 | Wood 18.3 23/32 none none | 0.61 24 195 40 100
Joists
5 Steel 18.3 23/32 12.7 1/2 0.61 24 327 67 100
Joists ]
6 | Wood 18.3 23/32 12.7  1/2 0.61 24 327 67 100
Trusses
7 | Wood 18.3  23/32 15.9 5/8 0.61 24 195 40 100
i Joists : (Type (Type
! X) X)

*Wood Joists, nominal 51 x 203 mm (2 x 8 in)

Steel Joists, 44.5 mm wide x 184.2 mm deep x 1.3 mm thick (1-3/4 x 7-1/4 in x 18 ga)
Super - C :

Wood Trusses, 88.9 mm wide x 304.8 mm deep (3-1/2 x 12 in), prefabricated with
nominal 51 x 102 mm (2 x 4 in) wood chords and webs

Span of all joists was 3.25 m (10.67 ft)

3

**An olefin carpet with foam rubber backing was installed over the plywood subfloor.
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" Table 4.

Initial weights and potential heat of
combustible materials in test assemblies

Initial Weig

hts of the Combustibles kg

Test Floor Plywood Olefin Sil1 Rim Potential
Assembly Joists Bridging Subfloor Carpet Plates Joists Heat
MJ
1 . 113.9 10.9 129.7 25.4 48,7 50.8 7770
2 0. 0. 120.2 24,0 41.7 42.2 4910
3 0. 0. 125.2 25.4 42.6 42.6 5090
4 98.6 9.5 126.6 23.6 56.4 56.4 7560
5 0. 0. 106.1 24,0 . 45.4 49.0 4850 -
6 203.2 } 8.2 126.6 23.1 47.2 92.5 9960
7 95.3 % 9.1 114.3 29.9 54.4 54.4 7480
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Table 6. Summary of various measurements during fully developed stage

Maximum ' Maximum Heat Maximum Flow Rate ;
Average Release Rate Through Doorway Minimum , Maximum .
Upper Room kW kg/s Neutral | Room
Test Gas Smoke Plane ‘ Static
No. Temperature - Doorway Stack In Out** Height | Pressure _
°C m Pa
‘ !
1 i
1 923 3720 B 0.65 1.60 0.67 ; 13.7
2 779 3620 -— 0.70 1.63 0.66 : 14.4
3 773 . 2980 8280 0. 64 1.56 0.70 L 13.3
4 894 3790 8460 0.63 1.67 0.64 14.2
5 | 1012 4110 8470 0.73 1.76 0.68 ; 15.2
6 | 1019 4030 6860 0.80 1.73 0.66 i  15.4
l : i
7 991 2950 5350 0.69 1.77 0.70 ‘ -
| . | '

*Low value is questionable due to some difficulties in the oxygen sampling system.

**The density of the combustion products flowing out through the doorway is assumed to
be the same as that of dry air in outflow rate calculations.
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Table 7. Incident heat fluxes measured at various locations

Outside
At Walls At Floor of Room
Test Total Radiative Total Total
No. Time Max.‘ Ave. Time Max. Time Max. Time Max.
min. kiW/m? kW/m2 min. kW/m?2 min. kW/m2 min. kW/m?
1 11.12 104 98 —-_— —_— 2.45 164 2.85 44
2 3.78 113 113 — -— 2.85 163 3.48 38
3 205 109 93 —_— - 3.05 159 3.72 39
4 12.17 130 118 —_—— —_— 3.17 139 4.37 42
5 12.50 158 S122 -— —_— 2.36 128 3.13 39
6 10.17 i 181 156 11.10 175 .2.43 125 2.30 35
7 9.16 ; 179 160 4,10 167 2.63 133 3.16 38
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Table 8. Optical density of smoke and gas concentration

of outflowing gases

Maximum Optical | Minimum O !
Density of Smoke, : Concentragion, ' Maximum Concentration, Vol. 7% **
0D/m g Vol. % Cco —cop
Test Doorway Hood gDoorway ' Stack. | Doorway Stack | Doorway Stack
No. (Avg.) ;(Ayg.) (Avg.) . (Avg.)
1 4.08 2.50 1036 | 7.1 D 111 1 ——— 194 10.5
: i i :
2 4.62 2.79 ' 0.69 | 9.5 : 9.83 | o 17.2 L 16,9
H i
: i i I
3 4.34 1.68 | 0.86 | 8.90  10.2 0.5  17.1 | 10.8
4 3.87 2.60 | 0.0 | 9.10 | 11.8 0.66 | 19.7 11.2
! | | | |
5 3.00 2.89 | 0.22 | 9.66 | 10.7 -—- - ; 11.5
6 3.60 2.28 | 0.2 1105 ' 9.6 0.51 | --- L 9.75
i ! ‘ !
7 3.9 2.62 1 0.73 ' 10.7 5.91% | 0.28 . --- . 8.05
| i ,

*Low value was due to problems with gas sampling system.

*#*%The maximum concentrations of CO and CO2 gases did not occur at

32
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Table 9, Summary of the fire resistance period of
floor assemblies in room burnout tests

Time to Time for the Unexposed Maximum
Surface to Increase Deflection
Assembly Flame Structural Avg. Temp. l-point Temp. Center

No. Through Failure 139 deg C 181 deg C Time Point

min:sec min:sec min:sec min:sec min:sec mm
1 10:17 10:43 11:02 10:56 10:43 364
2 3:47 3:47 3:50 3:41 3:47 362
3 3:58 3:59 N.R. 4:04 4:07 330
4 12:02 12:00 12.08 12:02 . 12:00 176
5 15:58 15:58%* 15:57 15:55 16:14 328
6 17:53 18:34 N.R. o 17:43 18:34 325
7 35:08 35:18% N.R. | N.R. 35:26 153

|

* No joist collapse, times refer to excessive deflection rate [4],

N.R. ~ not reached
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Key to Figures 2 to 6, and 9 to 10

Type of Transducers

Displacement Potentiometer
1 Thermocouple

3 Thermocouples

1 Thermocouple
(tests 5 to 7)

Locations

Center and quarter-points of
floor joists

On the top of carpet
At the bottom and top of floor
joist, and on the unexposed

surface of plywood subfloor

On the exposed surface of gypsum
board ceiling.
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Key to Figure 12

Symboil Type of Transducers Distance Below the Ceiling (m‘)

a 1 Fast Response Thermocouple v 0.61

(] 3 Thermocouples 0.30, 0.61, 1.22

@ 2 Fast Response Thermocouples 0.61, 1.22

R 7 Thermocouples 0.025, 0.15, 0.30, 0.61,
. 1,22, 1.70, 2.21

o 1 Thermocouple 0.61

o 1 Total Heat Flux_ Gauge 2,30

v 3 Gas Sample Ports ' 0.36,_ 0.66, 1.04

O 6 Static Pressure Probes .. 0.10, 0.30, 0.61,

1.22, 1.70, 2.13
[ ] 1 Static Pressure Probe 0.10
O 1 Total Heat Flux Gauge » 1.30

46



ww JIVY SNOISNIWIA 11V ¢ J1ON .Fw0<m
A
-2 o— - — - o
‘ 7N
Q N
/ ///,O =27
= /7 \\Aﬂ /'/Vr
g A.»\,\ NS
y | \/\\\
N Y O // a /7,
N\ </
~ Ny
® v
h ®
4 . =
MJ‘T _....||||I.. o 1 2 ."mnnn
T _ _
| | :
g L _
O A I
|| g | _ | 10] _ m
I
® I R S G R
T I SR . r.i..._
_ L ___ T T T~ _

Inodeq uoTlelusuUNIISUY
3utmoyg OO0y 3S3L Yl Jo MITA ue[q *ZT 2an81yg

‘l‘
l

So¢e

YA |

H1NOS

47



TIVM dOOMATd 1SYI NO
31dNOOOWYIHL F¥IM-318n0a ®

¥3LIW INOWS GINITINI §

¥31IW IXOWS TVIILNIA ©

¥31IW INOWS TVINOZI4OH

39034 ALIDOTIA TYNOILDINIA-IE A
AVMYEOO0Q NI 31dNODOWRIHL J4IM-319N0d 0

§06l— §061 ——
1241 —
oYSl— ovSL— o
ZLEl —
Yoll— oLl —
gL —
868 ——  8£8 ——
099 —
€8y — 8y —— OO
S0£E —  50f —
LT — NMN_ ” 9/ —
A O a

(ww) AYMA00Qa 10
dO1 W04 3IDNVISIA

Sutuadg Lemioo(q
92Ul 1B 3Inode] UOTIBIUSWNIISUT *¢T oi1n8Tg

Ww 3dv SNOISNIWIQ 11V ¢ 3LON

61l >le c18 >le—019 wT y85 —>f
7
AO
o
— 4
a
A0 M
o Ilf
—
A0
a
“~— aojp — (¢ |
® )
t
- - d
AQO | Lﬁ o
I o
g o h

48



SI93I8R XNTJ w9y pue seTdnodowrayy

TTeM Burmoys TTeM (joeg) Isay
3O MaTA-INOAERT UOTIBIUSUWNIISUT ‘T 2an81yg

QAVO9L WNS4AD

ww 3PV SNOISNIWIGQ 11V : JLON X 3dAL ‘ww o.w_'/

1INVd QOOMATd IHL WOY4 ww GZ
“d41V 3HL NI ANV ‘STIVM AOOMATd
ANV 2019 313¥DNOD 3HL 40
SIDVAINS YINNI ANV ¥3LN0 IHL NO

SITdNODOWYIHL YIM-319N0A S @

¥31IWXNT LVIH IVIOL ¢

“TIVM GOOMATd NO
F1dNODOOWYEIHL WIM-319N0a O

9L

et

F—r————--
L——

|
I
R L | “
T T-————- =,
[ | N
| | _r._
_ | |
—_—— |
a
O
o ®e O

— ,«—ees

_A,nmu

0s

!

49



¥31Iwolavy

4313IWXNTA
1V3iH 1v1O0lL

TIVM NO
3TdNODOWYIHL
FNAIM-I19N0a

1939WOIpRY puB II3ISK
xnTd 39l TEBIOL ‘seTdnodowiayl

T1eM Suimoys TTeM Poomd1d Yimos
JO MOTA-INOAERT UOTILIUSWNIAISUT G 21n3Td

wuw 3PV SNOISN3IWIQ 1TV * J1ON

] oen |

~<—019—*'

el

y 019 —>1< 166 >} 166 !

> 019 —>

50



saTdnooowaayy

TIBM Surmoyg TTBM POOMATd YIION .
Jo MaTA-INOLE] UOTIBIUSWNIISUT °9T IInd1g

NOILVDO1 3SVON0O09

ww 33V SNOISNIWIQ 11V * J1ON

J_rll MAAAAA M AL IR IO IVP T VI PO FrYTPRIOYT PO ¢
I
I |
| |
I |
I |
3 | |
0
| |
1IVM NO ! _
31dNODOWIIHL I _
JWM-319N0a O I I
| |
| o 1 o o
I |
oY |
o
AnonLAluﬁ.lv_ _
~—019—>]< >« 166 019 —>]

51



aAaIn) aansodxy
9ITJd Po9ATI9(Q ATTeluswraadxy pue
# 01 T s31s9] 103 @anjeiadmag -sey

wooy 1addy 93easAy jo uosTtiedwon ;T aandTg

NIN oo JNiL

oot

00e

00¢

ooy

00s

009

0oL

oas

0001

L4 1 0 ¢ 0 1 1 ¢ 4 b3 041341111t

ootz ooet 00s1 goet 008
I35 wee 4y

52

11139



aAIn) aansodxy
91TJ PoATI9Q AfTeluswriadxy pue
L 03 ¢ s31s9] 103 oanjeiadwa] sen

wooy 19ddp 98easay Jo uosTaedwo)y QT oandTg
. NN =e IN)L
0y SE 06 sz 0z St ol S 1]
ST T T T T T T T P T T T rrrrrrrrr T 17T T1T7130
a0l + 001
002t -4 o002
L - 3AMND 3UNSOdX3 ¥4 G3ANN30 ATIVINIMMEdX] — -
sainsg 7]
OO0E N DS/9M S6L " 90 0ooM 018V ——— - oo
N DS/9M (Z€ n 9o GOOM 9015V —— —
™ N OS/9 LZ€ N 90 1331S SOLSYY  ---eeoceen -
00y Q¥01 Q3NddY  ONIDWYS  LSIOf ¥O01d  "ON 1S3) - ooy
~.. : '
- /.. -
00Ss - - 008
o091 -4 oos
00L - -1 00L
008 |- -1 008
006 - - oose
000t |- -1 0001
OOl -1 001t
(oJo T g ws S N W W N U N Y U Y T S Y A O A Y O B B O B B A O A R A Lt 111 Jan2r
00v2 oo1e cosI 0o0st1 oozi . 006 aas oos 0

J3S %= M)

0 930 = RNIVIIINGL VD

53



ATquoessy 3s91 ay3 Jo 19juay
943 I'® paInsesy UOTIOaTIeg I00Tg

*6T 2an31y
NIN =oe I
oy 0z 1 0! S
O T T T
-
col |-
L
= I ol
002z adoom
a310310¥ud
L
SSNai
aoom
o0o¢ - 0312310%d
1S10f 15100
00y + (0,00 ] Qs
a3sod)X3 a3isod3
w L NYHL | SIS31 S3RS AYGN3SSY 30014
008 T Y Y T N N T T W T T O W O WY 0 S A U0 SO MW L1
-00¥2 0012 goat 00Ss!1 - goet 006 00S (o10] 9

335 #=ee 3N

8

AN == NOILOT430

8

aos

54



¢ 3S9] 103 sawW[] Snoliep 3e 3ISTOr
193u8) 9Yyjl 3uoly sjuroq I93aend
puE 193us) JeB SUOTIOITII(Q 100T4 *0Z @an81y -

NI sse IN1)

0°'s S'y o'y - 0's g2 0°2 g1 01 8°0 0°0
0 T T T T T T T T e L 0
e
" 7 -
a4
T F
oor |- g a - oot
\l. -\s\\
.- 7
— \. \‘\\\ -1
WV ——— °
ooz} | .- - Sum
i % 7 - m
o
¥3LNVNO : \ :
00€ |- m\ j00cE
i |
- -\ \ —
oor |- (1NIOd 1SV3) TIVM 1S3M NOHd W $T —-—- -] oor
NIOd N3IN3D) TVM 1S3M WONI N ') — — —
C.z.om HIUNWO 1S3 TIVM 1S3IM NOMNS N B0 ----nvn-.o.
- Z 1S31 SIS A1GNISSY OO 8O3 LSION NINID 4
00S | 1 1 ] 1 1 ] L 1 1 1 1 1 1 1 1 QS
0o€ aLz orz 01z 081 oSt ozt 06 09 o¢ 0

J3S e N

55



pawxojisg

s3s9] TTe 10J ATquossy 1S9 Jo
9PTIS pasodxaup 3yl uo sainjeiasdway
90BJING 93BI9AY JO SUOTIBTIRA OWE]

*T¢ 2an3tg

oS |-

o0l -

091+

00z

052+

00€ -

03€

ooy -

411 J o

00S |-

0SS -

1

<

o o e oy

T o 0 4 ot 0 4 ¢ e ¢ = & — 1 ¢ s+ + —

-

oogl-L
©00r2

SE
LR

’ !

h\\.\l\ * “

! !

. |

.

9i i

1)

R haEmEﬂﬁrazg
-p_-»b——_-—r__b—_-—-—-
0012 008! 00S1 oaet 006

335 * 3N

001

]
VAINS

= RNIVENIL

RN

56



8urTTe) °2AT3IDB30Ig
® INOYITM pPu® YirM SOTTqUESSY 1037
100T3qng poomATg pue ISTO[ 9935 JO

@anjeiadws] 90vIINg Jo uostaedwoy °*zz 2andTg
Ed

-

NIN &se 31

9t i
O
001
aonz |-
L
0oE i
[} ]
— K\ —-_f m & m
o]0} B o ", v/ ! -1 GOy H
\g :. + W
- > YERYi v \. -
. 2 ' g
00¢ |- W /i /i Joos &
. « vy 4 3
oog k- S 153l \V\ : . H 008 Q
A r 39NV14 dOLg ! o
0oL ! 1.” z \ﬂ\\. Q ! ] 0oL °
- R INGINVIY . ! 7
L ; .$.,, \Mk«\a. -V noLI0G ; W] -
P \ P . ! \
008 L \«‘/\\ ! N \\ JONYY 3889 @D €151 { gog
T K EESSEW S 1531 SIN3IS AIGNISSY ¥OOd ¥
’ (Q319310¥dNN) € 1531 SIS A18N355V 3004 @ .
006 (@3S0dXaNN) 1510 40 :onm MONd NA £0Z ‘HOOIENS NO 4 008
(35NV14 aom 1SI0f 40 NOLLD8 WOHd WN 81 — — -
o 3ONVd NOLIOB) iSIOF 40 NOLLOB -------- 1
: ON39T)
000l I N e | L1 L4 { L1 | | S | Lt 4 1 1 1 1 1 11 1 1 1 aoot
096 0v8 ozL cos ooy 09¢ 0¥2 02! g

J3S #e= NI

oe
-

57



L1quassy

1891 JO I93ud) 3IE 3ianjeiadua]

ey 3STOr T9931S PUB UOTIDATIA(
R I00Tg uaomilag drysuorielay ‘gz 2indIg

J 930 #= PNIVYIINEL

0001 006 000 00L 009 00s ooy 110] % 002 00t 0
o T T T e F——xF —— | ©
Ve
0S¢+ - 09
001 + -1 001
OSi - - 0S1
ooz| . 8~m
i 4 ¢
osz}- H 0sz#
COE - - 00t
W3S
0SE- IS -1 0S¢t
SIS
ooy L i i | { { 1 L 1 ] | 1 1 i 1 1 1 1 1 ooy

goot 008 coe QoL 008 00s ooy 00€ goz oot 0

58



ATquassy

1891 3O I93u3) 3B aanjeiadwo]

1STO[ POOM puUB UOTIDITIO(Q
10074 uoomlag dIYSUOTIBTIY °H7 2andTg

93 930 *+= RNINIVHIGNIL

o001 006 008 00¢ 009 008 ooy 00§ 0oz oot 0
0 T T 7T T T T T T g
- -
05t - o3
o1 | ; - oot
0ST q0s1g
L ! {4 R
" 9
00z} | -1 0029
j s
- ! — .
" ]
osz| | - asz¥
[}
b— _“ -1
00€E |- b - 00¢
!
u ! -
m £ IS3L SIYIS AIGNISSY HOOL ————
ose | ! ¥ IS3L S¥IS AIEN3SSY OO - ase
_ | 1S3L SHY3IS AIBNISSY MO0 --------
- ~SISIOr GOOM -
00y 1 1 | | 1 i 1 1 | 1 1 1 1 | 1 1 1 1 1 ooy

0oo1 006 coe 0oL 0as 00s ooy 11013 002 oot 0

59



SUOT]IBO07T SNOTIBA
Je s3isTor 991§ JO aanieasaduaj,
98e19AY JO UOTIBTIBA SWE] °G7 2an3Tg

NIN = 30U .
w.m cy oy S°¢ 0t -3 4 0°2 g1 01 31 ] 0°
dJ T T T T T T T T T
|
not -
nozZ
U0t |-
00r -
00§}~
009}
o0LF
oos |- 1y } 4
S '/ NWdS-OW 1Y 1SIOF MIINID 4D HINON N ZZ'| OIUVOO) ISIOP — — |
/ NvdS—CGIN Lv ISIOf MIINID 30 HINOS N 190 QUVYIOT 1SI0F ~---—- -
006 ' : “ INIOG ¥3LHVNO iS3M IV (SIOF ¥IINID ————  _
NVdS—Qin LY 1SIOF M3INID) ——
- Z 1531 SIR3IS AWAESSY ¥O04 -
0001 1 1 1 4 L. i | . 1 1
00¢ oLz (8] 24 [1] 94 g8l 0sS1 gzt 06 09 (0] 3 0

23S *++ INY

001

1074

oot

10} 4

QoL

aos

006

aoo1

O 930 e+ JUNLVAIINIL

60



aanjexaduag
ISTOL T993§ pu® sen Jurpunolring .
3o sanjeasdwa] pue UOTIVITIO( )
10074 uo9m3lag dTYsuorleTay = °9z =2i1nS1g .

NN e 30
0°s Sy 0y g'¢ 0°¢c S+Z 0z 81 01 S0 0'0
0 LR L A N R SR B NS BN R g = S paa S TS 1 0
e 001
Qw = \\\
a o 002
001 - P
: 0ot
o 05l NOWD31430
m - oor
a g -
3
2 002 - oos
- —
" f—
z - o009
2 oszf
- - ooe
ooe |- -
- 4 Qo8
0sE - . 40 ¥3UNID IV NOUITILEA OO ------— ]
b ONNEO MOTIE N 0 Sunivizang, ooy ———— - aos
- RUINIL 5% € 1S SIS ATBNISSY 004 -
ooy 1 1 | | i 1 1 I i 1 1 1 | 1 1 i | 1 i goo!
00€ oLz orz 01z os1 081 ozt 06 " 09 0c 0

335 wer 3wy

61

0 930 e*+ NIVAIANIL






.o

APPENDIX A

Maximum Design Load Calculations

The design values [6] for Southern Pine, construction grade no. 2, medium
grain, joists with nominal 51 x 203 mm (2 x 8 in) cross section used in test
7 are the following:

allowable bending stress for the extreme fiber, Fb = 8.27 x 106 pa
(1200 psi)

modulus of elasticity, E = 1.1 x 100 pa (1.6 x 10% psi)

moment of inertia, I = 1.983 x 10—5 m4 (47.635 in4)

section modulus, § = 2.153 x 10™% n3 (13.141 in3)

The floor joists under uniform loading were simply supported on a 3.25 m
span and spaced 0.6l m (24 in) on center.

Dead load:
Plywood subfloor (18.3 mm thick) 9.8 kg/m2
Wood joists - 9.8 kq/m?
Gypsum wallboard (15.9 mm thick) 10.7 kg/m2
Carpet flooring . 1.9 kg/m2

Total dead load 32.2 kg/m® (6.6 1b/ft?)

(1) Deflection

A limitation of 1/360 of~the span length is used as the maximum allowable
total deflection, which is equal to

_ L _ 3.25 .
D = m = '3TO— = 0.00903 m (0.35 ln)

The uniform load per unit length on the floor joist corresponding
to this maximum deflection, which occurs at the middle of the span
can be obtained as '

384 EID _ (384) (1.1x10"%) (1,983x107%) (0. 00903)
> f (5) (3.25)%

1356 (N/m) = 138.3 kg/m (92.8 1lb/ft)

and the maximum total allowable load on floor joists with a joist spacing of
0.61 m on center is



total allowable load = 138.3 x L70.61 = 227 kg/m2 (46.5 lb/ftz)

Therefore, the maximum design load permitted to meet the acceptable
. deflection is |

total  load - dead laoad
227 - 32 = 195 kg/m® (40 1b/ft2)

It

live load

(2) Bending Moment

The maximum induced moment occurs at. the mid-span of the joist and is equal
to the product of the allowable fiber stress in bending and the section
modulus of the joist. '

M= Fbsw='(8;27 x:106) (2.153 x110_4) = 1781 N-m (15770 in-1b)
The allowable load per unit length om a joist can be calculated as

w = §§:=\48)(178§)

2

| = 1349 (N/m) = 137.6 kg/m (92.3 1lb/ft)
L° . .(3.25)

The total working load expressed in terms of unit area is equal to

1 2 5
TET = 226 kg/m (46.3 1lb/ft“)

total load = 137.6 x
and live load allowed for the maximum bending moment is

~live load = 226 - 32 = 194 kg/m? (39.7 1b/ft?)

Therefore, the maximum applied load with which the joists are fully
stressed to the design value is 195 kg/m2 (40 psf).
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TEST 1

Time
(min:sec)

2:17

APPENDIX B

Log of Tests Based on Visual Observations

Events

Smoke rising from the newspaper on the sofa

Smoke touching ceiling

Smoke is halfway across ceiliné

Flame appearance on igniﬁion newspaper

Flames extend to 1.4 m above seat cushion of sofa
Smoke issuing out doorway

Fire involves center of sofa

Smoke out doorway to 0.8 m down from the top of doorway
Flame tip located at 0.6-1.0 m below the ceiling
Flames touching the ceiling

Ignition of carpet

Smoke halfway down in the room

Crackling sound in the room

End cushions split

Portions of the paneling are igniting

Small volumes of flames out doorway

Coffee table ignited

Room flashover occurs (newspaper indicator ignited)
Filter paper indicator ignited

Large flames out doorway

All room contents are burning

Steady state burning

Smoke seeping through joist spaces on floor assembly

Heavy smoking through floor assembly mostly from back
part of room



Time

{min:sec)

11:02
11:34
11:40

11:58

Test 2

Time

(min:sec)

Events

Smoke is thickenimg
Crackling in room

Smoke above floor assembly is lightening slightly -
Smoke in the room is thickening

Flame through the ceiling

- Smoke is darkening

Steel blocks are falling

Test terminated

Events

Light smoke risimg from the ignition newspaper
Flames appear on the newspaper

Flames to 0.8 m above seat cushion of the sofa
Center of sofa is burning

Flames to 1.1 m above the central seat cushion
Flames to 1.4 m above sofa seat cushion

Light smoke in top portion of room

Flame spread on sofa center about 0.4 m in width
Flames sporadically touching the ceiling

Flames spreading along ceiling surface

Cushions are smoldering

Flames halfway across the ceiling -
Left arm of sofa is smoking

Flames across entire ceiling

Smoke layer halfway down from ceiling

Flames involving about 3/4 of sofa
B-2



92

Time

(min:sec)
ArneSec)

2:10

TEST 3

Time

{(min:sec)
2JArn:sec)

Events

Flames emerging from doorway opening

Coffee table is smoldering
Coffee table ignited

Heavy smoke layer developed in
Flame well out the doorway

Chair is smoldering

the room

Room flashover occurs (newspaper on floor 1gn1ted)

Filter paper indicator igniteqd

Heavy flames out the doorway carpet is ignited

Steady state burning

Smoke is coming through top of
its edges .

floor assembly around

Vision of the top of floor assembly is obscured almost

completely by smoke
Blocks are falling
Blocks are still falling

Termination of test

Events

Smoke rising from center of ignition newspaper

Flame appearance on the newspaper

Flames on sofa extend to 0.6 m above central seat cushion &

of the sofa

Flames to 0.8 m above the seat
Flames to 1.1 m above the seat
Flaming isg concentrated on the

Flames are Spreading along the

B-3

cushion
cushion
center of the sofa

top of the sofa and newspaper



Time

(min:sec)

4:32

TEST 4

Time

(min:sec)

:Events

+Elamas rfluctuate reetween ;1.4 ito (L.7 :m -above the seat cushion

‘Flames .covering 142 .of :the .center .cushion .of the sofa

N ]
‘Flames -are :touching tthe .ceiling
-Smoke ;in room is garkening -

‘Elames .are spreadimg along ithe top of the sofa
:Smoke layer «dawn e 0.6 .m :below the .ceiling
Flames .extend halfway .acrass the «ceiling

:Flames .axe coveriipg ithe ceiling.

‘The ;ond .cushions ff -the sofa are splitting

“The .end cushions jignited

Smoke layer extengis thalfway down to floor
‘Eiémﬁs(emﬁrging frnom dooxway

Heawy dilames ©ut tthe doorway

Coffee table ignites

Flashover @eaours (mewspaper indicater ignited)
‘Filter;pqpef indieator inflames

Carpet is ignited

. Steady state burning

Heavy smoké.coming through back of the top of test assembly
Flames penetrate through the floor assembly
Floor assembly collapses

Test terminated

Events

Light white smoke given off from the ignition newspaper
Flames appear behind the newspaper

B-4
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Time.

(min:sec)

Events

The back of sofa is burning; flames to 0.83 m above
seat cushion

Flame tip to 1.2 m above seat cusﬁion

Flames to 1.5 m above the cushion

Flames to 1.8 m above seat cushion

The upper part of the room is darkening

Flames are touching the ceiling

Smoke layer is filling the upper half of the room
Flames cover 3/4 of the ceiling.area

End cushions of sofa are splitting

Flames emerging from the doorway opening

Entire top of the sofa is burning

End cushions are burning

Flames extend 1 m out doorway

Coffee table is burning

Newspaper flashover indicator is smoldering

Heavy smoke down to 0.5 m above the floor

Room flashover occurs {(newspaper indicator ignited)

Filterpaper indicator ignited spontaneously and carpet
is ignited

Heavy flames issue out the doorway

All combustible materials in the room are burning

-Most of the smoke passing through the floor assembly are

coming from the doorway side
Smoke above the rear portion of the assembly is thickening

Top of the room is almost obscured from view by smoke

Slight increase in smoke density is observed for top of
the room

Smoke density is decreasing
Smoke is darkening slightly

Smoke is getting lighter

B-5



Time

(min:sec) : ) , Events
11:50 Smoke density is decreasing
12:08 Floor assembly collapses
12:10 Flames pass through‘floor assembly
12:16 ' Test terminated
TEST 5
Time
(min:sec) Events:
0:03 Light smoke appears from the ignition newspaper
_0:10 Flame appearance on the newspaper
0:13 Flame height 0.8 m above central seat cushion of sofa
0:20 Flames to 1.1 m above the seat cushion
0:31 Top of central cushion involved in burning
0:37 Light smoke is coming out the doorway opening
0:40 Flame tip locate at 1.7 m above sofa seat cushion
0:41 - Flames touch the ceiling occasionally
0:49 Flames are touching the ceiling
0:52 Black smoke starts to fill the room from the ceiling
1:02 - Black smoke fills the upper half of the room
1:14 Flames begin to turn around the back corner onto thé
ceiling
1:20 ‘ End cushions of sofa are splitting
1:25 Flame extends halfway across the ceiling
1:32 Flames cover three-fourths of the ceiling area
1:35 Black smoke layer is still at halfway down from ceiling
1:37 End cushions of sofa are burning
1l:41 Flames emerging from the doorway opening
1:45 Coffee table is burning

B-6



Time

(min:sec)
[Hn:sec)

13:54
14:15
15:08
16:08
16:25

TEST 6

Time

(min:sec)
~2llasec)

Events

Room flashover takes Place (newspaper indicator ignited)
Filterpaper indicator ignitedb

Heavy flames coming out the doorway

Chair is burning

Carpet on floor is curling up

Carpet is burning

Steady state burning

Light smoke is coming out from the cracks between the
floor assembly and concrete block walls

Smoke is coming out of test assembly at nearly constant
rate

No appreciable CO reading in the vicinity of test room
Zero CO reading
CO 4 ppm in the area near test room

Small pieces of gypsum board ceiling start falling down
onto the floor

Large pieces of gypsum board drop down
Large fragments of ceiling materials fall down

Wood framing of the sofa collapse

‘ Passage of flames through center of test assembly occurs

Test terminated

Events

Light smoke rising from the back of the ignition newspaper

Sustained flaming of the newspaper
Flame is spreading across the top of the newspaper

Flames are traveling up the back cushion of the sofa

B-7



Time

(min:sec) . ’ Events

0:20 Flames extend to 1.1 m above the sofa seat cushion
0:35 Flames to 1.4 m above seat cushion

0:38 Flames to.l.7 m above seat cushion

0:43 - Flames touch ceiling

0:53 . Flames concentrated on center cushion of sofa
1:02 Smoke in the room is darkening

1:08 Flames extend 1/3 way across the éeiling

1:13 Sofa arms are melting

1:20 End cushions of sofa are burning

1:22 Smoke in the upper part of the room is thickening
1:23 Flames halfway across the ceiling

1:30 Flames emerging from the doorway opening

1:32 Coffee table is burning

1:40 Heavf smoke issuing out the doorway

1:42 The entire sofa is burning

Room flashover occurs (newspaper indicator ignited)

1:43 Filterpaper indicator ignited spontaneously
1:45 Steady state burning
1:49 Carpet is curling up
1:52 'Carpet ignited
2:25 - Light smoke coming through the floor assembly
11:10 South block wall is cracking
11:43 Smoke coming out of cracks in west and south block walls
11:57 Pieces of gypsum board ceiling are falling
12:20 More pieces of ceiling materials drop down
13:35 Test assembly starts deflecting
14:25 Deflection is increasing
15:00 Smoke has obscured the view of weights on floor assembly
15:12 Fragments of wood truss fall and burn on floor
16:25 Smoke is very dense



vz

Time

(min:sec)
Aln:sec)

17:03

17:52

17:59

18:54

TEST 7

Time

(min:sec)
~—=l:Sec)

Events

Crackling sounds in the back of the room

Flames pass through the rim joist resting on the rear
block wall and the centrally located wood truss collapses

Flame through the floor assembly in back of room

Test terminated v

Events

Light smoke rises from the ignition newspaper

Visible flames appear on the newspaper

Flame Spread across the top of the newspaper

The back cushion of the sofa is burning

Flame tip reaches 0.8 m above the seat cushion of sofa
Flame height 1.1 n above the sofa seat cushion

Flames to 1.4 m above the seat cushion

Flame height 1.7 n above the seat cushion

Flames are touching the ceiling

The entire sofa is involved in burning

Smoky flames eémerge from the aoorway

Coffee and end tables'ignited spontaneogsly

Room flashover Occurs (newspaper indicator ignited)
Filter paper indicator ignited

Steady state burning



Time

(min:sec)
——=i5EC)

25:30

26:35

27:05
28:15
29:45
31:00

34:50
35:21

35:26

Events

Carpet is curling up and ignited

Light smoke is coming out through south block wall near .
heat flux-meter location

Cracks develop in south .and west block walls o
Cracking of block walls continues

Furring strips attached to block walls burn actively

CO level in the vicinity of test room 9 ppm

Gypsum board ceiling still intact

Fire has died down considérably

Small piece of ceiling material falls off from gypsum
ceiling near doorway

Flames emerge from doorway once again

Room gas temperature shows a slight increase; the central
portion of gypsum board ceiling falls off

Another piece of ceiling falls off

Burning of floor assembly continues and room gas temperature
rises continuously

Floor is deflecting significantly

Rapid temperature rise On unexposes surface of test assembly
Floor deflections are increasing

Heavy flames come out doorway

Both deflection and unexposed surface temperature are
rising continuously

Flames through floor assembly at the location adjacent
to the ceiling above the bookcase

‘Test terminated



