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SUMMARY 

Research was conducted to determine the effect 
of three types of wall linings on fire performance 
within a partially ventilated corridor. Separate 
fire exposure studies were made with (1) essen-
tially noncombustible corridor wall and ceiling 
surfaces, except for wood doors and trim, and a 
wood wainscot 3-1/2 feet high: (2) wood-grained, 
prefinished hardboard appl ied to both wall 
surfaces; and (3) Select grade, red oak flooring 
applied to both walls of the corridor. Under the 
test conditions, the burning of the wood fire cribs 
could exhaust the supply of air in the immediate 
vicinity of the cribs within 6 or 7 minutes, 
resulting in a flashover along the entire length 
of the corridor ceiling, as the hot, unburned 
combustible gases  progressively reached an 
unused supply of oxygen. This flashover occurred 
at approximately the same time whether the wall 
linings were of combustible or noncombustible 
material and occurred before any appreciable 
flame spread along the wall lining. 
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INTRODUCTION 

Late in September 1964, the U.S. Forest Prod-
ucts Laboratory was informed that the State School 
for Boys at Waukesha, Wis., was being abandoned. 
The City of Waukesha, which had purchased the 
land from the state, indicated that it would cooper-
ate with any organization interested in conducting 
fire research studies within the buildings before 
they were demolished. A cooperative research 

program was developed jointly by the Forest 
Products Laboratory and the American Hardboard 
Association to study the effects of various wall 
linings on fire performance in a partially venti-
lated corridor. The second story corridor of a 
two-story school building was selected as the 
test area. The building (fig. 1) was 80 to 90 years 
old and of wood frame construction with brick 
masonry exterior walls and plaster finished 
interior walls. 

This Research Paper summarizes the research 
conducted and the results obtained. 

(M 128 484) 

Figure I.--General view o f  school building at former Wisconsin State School for Boys, 
Waukesha. Corridor used for tests is just beyond door at top o f  f i r e  escape. 

1In with the American Hardboard Association. 
2Maintained at Madison, Wis., In cooperation with the of Wisconsin. 



CORRIDOR DESCRIPTION 

The corridor selected for the fire performance 
tests was 11 feet wide, 72 feet long, and 13 feet 
high. A detail drawing of the corridor is presented 
in figure 2. The walls were approximately 
16 inches thick and of brick masonry construction. 
Three doors and one entryway adjoined the corri-
dor. One of the doors, an outdoor fire exit, was 
located at one end of the corridor (fig. 3). Two 
double-hung windows, each 40 by 102 inches, 
were located at the opposite end (fig. 4). 

The interior walls and ceiling were finished 

with wood lath and plaster of sound and smooth 
construction. The ceiling lath was nailed to 2- by 
12-inch wood beams and wall lath was nailed to 
2- by 2-inch furring strips secured to the masonry 
walls. A white pine wainscot, 3-1/2 feet high, 
covered the full perimeter of the interior walls 
(figs. 3 and 4). Two slate blackboards were located 
above the wainscot for a distance of 20 feet from 
the window end of the corridor. The wainscot, 
doors, and trim were finished withvarnish. Appar-
ently no finish remained on the hardwood floor. It 
was estimated that about 20 percent of the total 
wall and ceiling area of the original corridor had 
a combustible finish. 

(M 128 401) 

F igu re  2.--Drawing of  c o r r i d o r  showing l o c a t i o n  of doors and windows and critical 
d i m e n s i o n s .  

FPL 49 2 



(M 120 485) 

Figure 3.--View of one-half of the corridor 
as it was originally near the fire exit 
end. 

(M 128 483) 

F igu re  4.--Windows a t  t h e  one end of t h e  c o r r i d o r ,  which were opened ha l fway and t h e  
upper h a l f  b locked w i t h  asbestos m i l l b o a r d  du r i ng  t h e  t e s t s .  
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MODIFICATIONS OF TESTS 

A series of three fire tests were conducted 
within this corridor. For the first test, the corri-
dor was essentially in its original condition, with 
noncombustible wal ls  and ceiling, except for 
d o o r s ,  frames, and wood wainscoting; for the 
second test, the walls were covered with 1/4-inch 
thick, wood grained and prefinished hardboard; 
and for the third test, the walls were covered 
with red oak lumber (Select, flooring grade). 
Detail modifications for each test were as follows: 

Initial Test (Test No. 1) 

A half partition near one end of the corridor 
was removed to make the full 72-foot length 
available. The 6- by 8-foot entryway through the 

west wall was covered with gypsum board and a 
door installed for access to the corridor. The 
upper halves of the end windows were covered 
with asbestos sheeting, leaving openings approxi-
mately 40 by 50 inches (fig. 4). All transom win-
dows above the doors were covered with gypsum 
board. Eight 1-foot-square test panels of hard-
board, red oak, and fiberboard were placed on the 
east wall for the purpose of obtaining their relative 
ignition characteristics (fig. 5). 

Hardboard Test (Test No. 2) 

In addition to the modifications made in the 
initial test, the wainscot was removed from that 
portion of the walls to be clad with hardboard. 
Wood grained and random grooved, 1/4-inch-
hardboard wall paneling of light and dark color, 

(M 128 486) 

F igu re  5 . - - l n s t a l l a t i o n  of t e s t  panels t o  o b t a i n  r e l a t i v e  i g n i t i o n  c h a r a c t e r i s t i c s .  
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prefinished with a typical 1- to 3-mil coating of 
catalyzed synthetic resin, was nailed directly to 
the plaster and lath surface. This nailing was 
made with 4d casing nails at 4-inch centers for 
the panel edges and 6 inches on centers (16 inches 
inward from the edges) for vertical nailing. This 
hardboard was installed as 4- by 8-foot and 4- by 
4-foot sheets, with the longer sheets placed above 
the smaller sheets (fig. 6). In areas where the 
plaster had been weakened or had fallen away 
from the wood lath, gypsum board was first nailed 
in place and then used as a backing for the hard-
board. The light-colored hardboard was placed on 
the east wall, and the dark-colored hardboard on 
the west wall, both for a length of 48 feet from 
the ignition end of the corridor. 

Two 42- by 48-inch asbestos sheets were placed 
on the ceiling directly above the ignition cribs to 

protect this area of the ceiling from fire damage 
during the test. Asbestos sheets and gypsum 
boards were also nailed in place on the ceiling 
wherever necessary to replace plaster that had 
fallen during the first test. 

Red Oak Test (Test No. 3) 

Select grade, red oak flooring, 25/32 inch 
thick, was nailed horizontally the entire height of 
the walls for a distance of 48 feet from the igni-
tion end of the corridor (fig. 7). Nailing was done 
with 8d casing nails directly to wood-furring strips 
which originally supported the wood lath and 
plaster over the brick masonry walls. For this 
third test it was also necessary to nail gypsum 
wallboard panels on the ceiling to replace addi-
tional plaster which had fallen during the second 
test. 

(M 128 508) 

Figure 6.--Partial view of corridor with hardboard in place on walls for Test No. 2. 
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(M 128 479) 

F igu re  7.--Photograph o f  f i r e  e x i t  end o f  c o r r i d o r  showing walls cons t ruc ted  o f  red  
oak f l o o r i n g ,  and wood i g n i t i o n  c r i b s  i n  p lace.  ( T e s t  No. 3) 

INSTRUMENTATION 

Temperature-Recording Equipment 

Iron-constantan thermocouples were placed at 
36 locations in the corridor for each test (figs. 8 
and 9). Twenty-four of the thermocouples were 
connected to an automatic 24-point recording 
potentiometer and the other 12 to a switch box 
and single-point dial potentiometer. 

Smoke Density Equipment 

Two selenium-photovoltaic cells and corre-
sponding light sources were placed 5 feet above 
the floor at distances of 28 and 50 feet from the 

ignition end of the corridor. The photocells and 
their corresponding light sources were mounted 
on opposite corridor walls, so that the distance 
between them was 12 feet. Photocell illumination 
was 100 lumens per square foot. Each photocell 
was connected in parallel with a variable resist-
ance of 0 to 100 ohms, and photocell response 
was read on a Voltage reduction 
across the resistance was directly proportional to 
the reduction in light transmission. 

To keep the surface of the photocells free from 
tars and to lower their temperature, small electric 
fans were installed behind the photocells. Thermo-
meters were placed at each photocell location and 
when the temperature exceeded 200° F., the 
photocell was removed from service. 

FPL 49 6 




(M 128 400) 

Figure 8.--Drawing of original corridor, showing placement of thermocouples and test 
devices for Test No. 1. 

Gas Analysis Equipment 

Gas samples for analysis were collected through 
copper tubing extending from the interior of the 
corridor (at a point 5 feet above the floor and 
28 feet from the ignition end of the corridor) to 
an adjacent room. Two systems were utilized for 
the analysis of gas samples. One system 
three direct-reading instruments to analyze for 
oxygen, carbon dioxide, and carbon monoxide. 
The instruments for oxygen (0-21 percent) and 
carbon dioxide (0-20 percent) analysis were of 
the liquid-absorption displacement type (fig. 10), 

and the instrument for carbon monoxide (0-1.5 and 
0-10 percent) analysis was of the absorption 
colorimetric type (fig. 11). Appropriate aspirator 
bulbs or a direct pump plunger were used in 
transferring the sample from the corridor through 
the sampling tube to the analyzers. The other 
system which was used only in Tests Nos. 2 and 
3, consisted of a 350-cubic centimeter-glass 
sampling tube equipped with valves at both ends 
and a vacuum pump. Gas samples were taken 
with this equipment every 3 minutes and later 
analyzed at the Laboratory by means of gas 
chromatographic techniques. 

7 
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(M 128 399) 

Figure 9.--Drawing of corridor showing placement of hardboard and red oak paneling, 
thermocouples, and test devices for Tests Nos. 2 and 3. 

(M 128 298F) 

F i gu re  18.  L iquid- absorpt ion d isplacement t y p e  ins t ruments  for t h e  a n a l y s i s  o f  gases 
f o r  oxygen and carbon d i o x i d e  content .  
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(M 128 297)
Figure 11.--Adsorption-colorimetric type instrument for the analysis of gasses for carbon 

monoxide content. 

Environmental Equipment 

Thermometers were used to determine outdoor 
and indoor temperatures and a sling psychrometer 
was used to measure relative humidity. 

An integrating-cup anemometer was placed in 
the open, approximately 200 feet from the test 
building and 5 feet above the ground surface, to 
determine the average wind velocity for a 1/2-hour 
period before the tests. 

Miscellaneous Equipment 

A resistance moisture meter (1-inch prong type) 
was used to measure the moisture content of the 
wood cribs. 

A portable dictaphone was used by the main 
observer to rapidly record observations during 
the test conduction. 

TEST PROCEDURE 

Fire Load 

Tests conducted by the Los Angeles Fire 
Department (5)3 and the National Research Council 
of Canada (8) indicated that-two wood cribs, each 

of 200- to 350-pound weight, could create ASTM 
E119 time-temperature conditions within a corri-
dor. Those cribs were constructed of 1/2- by 
1/2-inch to 2- by 4-inch material. 

From the results of the preceding tests, it was 
decided to use two 250-pound cribs constructed of 
Douglas-fir, 1 by 1 inch to 2 by 4 inches in cross 
section. Details of the wood cribs are shown in 
figure 12. Overall crib dimensions were 3 by 3 by 
2.5 feet. 

Both cribs were placed on asbestos pad, and 
their centers were 5 feet from the end of the 
corridor. One edge of each crib was 1 foot from 
the wall (figs. 8 and 9). 

The cribs were ignited by ethyl alcohol placed 
in a pan beneath each crib. Test time commenced 
upon ignition of both cribs. 

Test Preliminaries 

Immediately before each fire test the two win-
dows at the far end of the corridor were opened 
halfway (fig. 4) to provide a source of air and to 
endeavor to maintain atmospheric pressure within 
the corridor. The total vent area provided by the 
open windows was 28 square feet. 

The moisture content of each crib was randomly 
measured with a prong type, resistance moisture 
meter and the average of five readings was taken 

3
Underlined numbers In parentheses refer to Literature Cited at the end of this 

report. 
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(M 128 480)
Figure 12.--Details of wood cribs used in developing fire exposure. 

as the effective moisture content for each. 
Outdoor temperature, corridor temperature, 

wind velocity,, and wind direction were recorded. 
Relative humidity was also recorded when tem-
peratures were above freezing. 

General Procedure 
Pans containing 500 cubic centimeters of 

95-percent ethyl alcohol were centered beneath 
the two wood cribs and ignited simultaneously. 
All timing was initiated and recording equipment 
started upon a single command when the alcohol 
under both cribs had ignited. Gas samples were 
collected throughout the test 

One person, observing the corridor through a 
small hole in the west wall door, recorded the 
progress of the fire with the aid of a portable 
dictaphone. A second observer was stationed 
at an east door. 

Tests were ended at the discretion of the princi-
pal observer and an expert firefighting supervisor. 
The end of each test was signalled by the extin-
guishing of the fire by firefighting personnel. 

After the fire was extinguished and the corridor 
cleared of smoke, the walls were inspected and 
the degree of decomposition recorded.  The 
remainder of each crib was collected for 
subsequent drying and reweighing. 

TEST RESULTS 

Presentation of Data 

For comparative purposes the corridor condi-
tions for each fire exposure study are summarized 
in table 1, along environmental condi-
tions, wood cribs, and gas analyses obtained 
during each test, Detail observations made during 
and after each fire exposure study are given in 
table 2. The complete temperature data for the 
three studies are presented in the Appendix 
(tables 

The data for the three studies are further 
analyzed and compared in curve form in the 
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following illustrations: 
Figure 13. --Relationship of ceiling tempera-

tures above the wood cribs to the ASTM E119 
time-temperature curve. 

Figure 14.--Reduction in light transmission 
during the progress of each test. 

Figure 15.--Average temperatures obtained 
along the center of the corridor 5 feet above the 
floor level during each test. 

Figures 16, 17, and 18.--Minimum-maximum 
temperature envelope curves obtained along the 
west wall, east wall, and center of ceiling, respec-
tively, during each fire exposure. 

Figure 19.--Average temperatures obtained 
directly in front of the open windows. 

Discussion of Results 
Early observations near wood cribs.--The fires 

generated by the two 250-pound wood cribs gener-
ally reached a height of about 8 feet at 2-minutes 
elapsed time, 10 feet at 3 minutes, and to the 
ceiling at 4 minutes. Following an initial delay of 
about 1-1/2 minutes, the temperatures developed 
at the ceiling just above the cribs (fig. 13) gener-
ally followed the ASTM E119 curve for the next 
4 or 5 minutes. The delay time for the red oak 
test was only about 1 minute and the temperatures 
were slightly higher, in general, than for the 
other two tests. 

There was ignition of the wainscoting near the 
crib fire at the 5- to 6-foot wall mark in the 
first test at 4 minutes and some burning of the 
paint on the wall above the burning wainscoting at 
4-1/2 minutes. The hardboard paneling in the 
second test had darkened in color during this 

of exposure, but had not ignited. In the 
third test, with the red oak paneling, there was 
ignition of the red oak near the crib at 4 minutes 
and the flames had spread upward to the ceiling 
and along the corridor wall for about 12 feet at 
4-1/2 minutes. By 5 minutes, there was some 
flaming over the red oak paneling near the ceiling 
out to a distance of about 25 feet. 

Flashover.--In all three tests, f 1 as h o v e r 
occurred in 6 to 7 minutes after crib ignition but 
before flames had spread any appreciable distance 
along the walls. In fact, the hardboard paneling 
had not even ignited at the lower levels when 
flashover occurred. Apparently, the oxygen supply 
in the immediate vicinity of the cribs was insuffi-
cient to permit the gases to ignite. The hot, 
combustible gases progressed down the corridor, 

flaming only as they reached sufficient quantities 
of oxygen. 

In each of the tests, the flaming of the cribs 
was momentarily reduced immediately after 
flashover. Then gradually, crib flaming was re-
established, including flaming of combustibles 
(wall linings, doors, trim, and exposed woodlath) 
throughout the corridor. 

Smoke development.--In each test, a very dense 
smoke condition developed throughout the corridor 
immediately following flashover. It will be seen 
in figure 14 that a reduction in lighttransmission 
was occurring from the beginning of the tests. 
The smoke liberation, as evidenced in figure 14, 
was greatest for the corridor “as constructed,” 
less for the red oak test, and least for the hard-
board test when considered on the same time 
basis. Since the tests were conducted during the 
winter and the building was unheated, the corridor 
materials had a fairly high moisture content; 
hence, some of the ‘smoke” in the first test may 
have been steam generated as a result of this 
high moisture content. In the third test (red oak), 
it was necessary to cease observations shortly 
after flashover, as dense smoke developed. At 
this time wind draft conditions caused smoke to 
filter out of the corridor into the adjoining west 
observation room. 

Light trans mission.--Light transmission, 
measured by the photocells, was not in direct 
relation to the visibility within the corridor. In 
several instances, the observers were able to con-
tinue observations while the photocells indicated 
less than 10 percent light transmission. 
that the light transmitted through the smoke-
laden atmosphere obeys the Beer-Lambert law 

where I = incident flux 

Io = transmitted flux 

K = attenuation coefficient 

c = smoke concentration 

1 = light path length 

then a reduction of light transmission to 10 per-
cent of the original corresponds to a smoke 
concentration of 33 percent of the atmosphere, 
and a reduction to 1 percent corresponds to a 
smoke concentration of 66 percent. The 
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Table 1.--Descriptionof corridor for each fire test and comparative data on 
environmental conditions, wood cribs, and gas analyses for each test 

Lambert law has been found to apply to trans- are the gas concentrations present in the atmos-
mitted light within certain ranges of mass concen- phere. Ten-percent oxygen is considered the lower 
trations (3), but it is questionable whether it limit necessary to sustain life. Below this value, 
applies equally well to light scattering. More death will occur in a relatively short period of 
research is required in this area. time (7). Actual effects of oxygen deficiency on 

humans has also been noted by Coleman (1), whoFollowing flashover and the development of states the following:dense smoke, visibility improved and there was At an oxygen level of 17 percent, a candle
reignition of the cribs and burning of the com- is extinguished;
bustible materials on the side walls. During the At 10 to 14 percent, respiration is affected;
first test, which was allowed to progress for At 6 to 10 percent, nausea occurs;
18 minutes, there was a second flashover at And levels from 0 to 6 percent are fatal.
15 minutes after initial ignition. This was also Certain levels of carbon monoxide are also
followed by the development of dense smoke. assumed to be fatal to human occupants.
Visibility improved and reignition was occurring Minchin (6) reports that collapse will occur when
again just as the corridor fire was extinguished. the product of average carbon monoxide level in
The light transmission during the progress of each percent, K co, and exposure time in minutes,
test is shown in figure 14. 
 t, 

Gases.--Among the factors that influence the equals 4.5. If this is assumed to be valid, then 

survival of occupants within a burning structure human life will be lost when 
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Table 2.--DetaiI observations made during individual lire tests and upon completion of each test 

Elapsed
time 

Min.:Sec. 

EIapsed
time 

Min.:Sec. 

0:00 

1:00 

1:30 

2:00 

3:00 

4:00 

5:00 

5:30 
6:00 

7:00 

7:30 

10:00 

11:00 

14:00 

15:00 

15:30 

16:00 
17:00 

18:00 

Observations 

Test NO. 1 

Observations 

Left crib ignited about 10 seconds 
ahead of right crib. 

Flames about 4 feet high on left 
crib and 2 leet high on right
crib. 

Smoke starting to accumulate with-
in room. 

Flames at both cribs about 8 feet 
high.

Flames reaching to 10-foot height,
about 2 feet from ceiling.

Ignition of wainscoting at 5-foot 
mark in length of corridor. 

coting at 5-foot mark.
ignition of paint just above wains-

Flaming of wainscoting to 6-foot mark. 
Photo cell removed, 28 feet from 

ignition 
Flames spread rapidly just below the 

ceiling out to a point about even 
with the stairway door possibly
beyond. These flames appear to so 
move because of a lack of oxygen
In vicinity of the crib, and 
these combustible gases flame only 
as they and use up 
oxygen.

Dense smoke and all flames appear to 
be out. 

Reignition of crib tire. Some plas-
ter falling in all parts of the 
corridor. Flames impinging on 
ceiling and extending out as far as 
the 20-foot mark. 

Smoke within corridor is reduced and 
visibiIity good.

Wainscoting flaming out to the 10-
foot mark. 

Wainscoting flaming at 15-foot mark. 
Flashover along ceiling. Photo-
cell removed, 50 feet from ignition
end. 

to be out. 
High smoke density and flames appear 

Reignition of crib. 
Smoke within corridor is reduced 

Extinguishment of fire to save 
and visibility good. 

corridor. 

The wainscot wood was charred for distance 
of 14 feet from the crib end and the varnish 
coating was charred for an additional 4 feet, 
Beyond this point, the varnish coating was in 
a less degraded condition as distance down the 
corridor increased. 

The plaster wall was cracked by the 
heat near the cribs, and upon rater 
ment of crib flames, the plaster had been blown 
from the lath in this area. 

The plaster wall had fallen away from 
the wood lath 50-to 65-foot distances. At the 
50-57-foot distances, had fallen from 
the ceiling and the lath was completely charred 

0:00 
1:15 

1:30 
2:00 
3:00 

4:00 

4:30 
5:00 

5:15 
6:00 

7:00 

8:00 

10:00 
11:00 
12:00 

DURING TEST
Cribs ignited.
Crib flames about 4 feet high and some 

Flames 6 feet high.
Flames 8 feet high and more smoke. 
Flames reaching to 10-foot height, just below 

smoke filling room 

ceiling.
Paneling very near crib, but no ignition. 

Flames at cribs are broadening 
Paneling at 5-foot distance near cribs is very 

Very dense smoke near ceiling.
Flames Spread along ceiling for distance of 

Flames reaching ceiling. 

dark, but can see no flaming. 

over 50 feet; width of flames appeared to be 
greater than in the first test. 

developed throughout the room. 

points within room, around door 

Flames are and extremely dense smoke has 

Flames are starting to reignite at several 

frames and near floor. 
Cribs are starting to reignite.
ignition most of wall surface. 
Fire extinguished to save corridor for next 

test. 

AFTER TEST 
The paneling was completely consumed for an average

distance of 15 feet from the crib end of the corridor. 
From I5 to 45 feet the paneling was charred to depths
In relative proportion to the distance down the corri-
dor. At locations near the floor, from 40 feet on, the 
surface was either only slightly charred or smoke-
particle coated. 

EIapsed
time 

Min. :Sec. 

0:00 
1:00 
2:00 
3:00 

4:00 

4:00 

5:00 

6:00 

6:30 

7:00 
7:30 

8:00 

11:00 

3 

Observations 

Cribs ignited.
Crib flames about 5 feet high.

flames about 8 feet high.
Crib flames about 10 feet high and very

ride near base; some smoke filling 
room. 

Ignition of side wall at 8-foot 
Flames reaching ceiling.

Burning of Side wall--floor to ceiling. 
out to 12-foot 

Burning on side wall near ceiling out to 
25-foot mark. Heavy smoke near floor. 

Flashover, flames reaching to feet 
or farther along side wall ceiling 
area. Most of the flames near edge 

Heavy smoke, flames out, and Some glow 

Heavy smoke throughout building. 
some flames developing at cribs end 

Heavy smoke developed and It was neces-

of ceiling. 

at crib. 

side walls with a second flashover 
along ceiling. 

sary to abandon the observation area 
on the rest side of corridor. 

Extinguishment of fire because heavy
smoke exists throughout building. 

The red oak paneling was charred to a depth
of 3/8 inch from the to within 4 feet 

the floor for an average distance of 30 feet 
from the crib end of the corridor. Beyond the 
30-loot distance the depth of char was approxi-
mately 1/4 inch. 

The wall area from the floor to a 4-foot 
height was charred 1/4 deep in the area of 
the cribs with the depth decreasing as dis-
tance down the corridor increased until 0- to 
1/16-inch depth existed the end of the 
paneling at the 48-foot 

Test No. 2 

Hamilton and Johnstone (4) cited that a 1.28 per-
cent carbon monoxide level (by volume) will cause 
a loss of consciousness immediately. 

The gas analyses taken during the first test 
were limited to three direct-analysis determina-
tions for oxygen and two for monoxide. 
The analyses indicated a definite lowering of the 
oxygen content to 5.3 percent at 11-minutes 

elapsed time, but no appreciable amount of carbon 
monoxide was indicated in either of the determina-
tions for that gas. 

In the second test (hardboard wall paneling), 
more complete analyses were taken and techniques 
had generally been improved. Samples were taken 
at 3, 6, 9, and 12 minutes for later analysis of 
oxygen, dioxide, and carbon monoxide 
content. Several samples were also taken for 
direct analysis for carbon dioxide and carbon 
monoxide. The oxygen determinations gave results 
similar to those in the first test, reaching a 
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(M 128 402) 
Figure 13.--Relationship of ceiling temperatures above the wood cribs (No. I thermocouple) 

to ASTM conditions during the three tests. 

(M 128 404) 


Figure 14.--Reduction in light transmission d u r i n g  each test. 
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minimum content of 4.4 percent. Determinations In a partially ventilated corridor, such as used 
for carbon dioxide made by the two analysis in these studies, it is logical that the oxygen 
methods did not correspond identically; but did content would decrease, because considerable 
indicate carbone dioxide levels as high as 12 to quantities are used in the combustion of the wood 
18 percent. Following flashover, the carbon and cellulosic materials. Carbon dioxide and water 
monoxide content was also questionably high-- are produced by the burning when sufficient oxygen 
5 to 11 percent. is available, but as the oxygen content is de-

In the third test (red oakpaneling), gas analyses creased, greater volumes of carbon monoxide will 
were made up to 5-1/2 minutes after start. of result. Only in the second test (hardboard pan-
test, but no readings were taken after flashover eling), were complete gas analysis data obtained. 
and smoke development. The smoke developed in These data indicated that at 6 minutes, when the 
this test completely filled the room where sam- principal burning was still from the wood cribs, 
pling was accomplished and gas analyses were oxygen levels had decreased to less than 5 per-
made. At 4 minutes the carbon dioxide level was cent and the carbon dioxide and carbon monoxide 
3-1/2 percent, and at 5-1/2 minutes the oxygen contents exceeded 10 percent. This high percent-
level had fallen to 8 percent. Before flashover age of carbon monoxide was not observed in the 
in this test, the carbon monoxide content was less limited determinations of the first test at 6.0 and 

13.0 minutes; however, minor variations in the 

(M 128 398) 
Figure 15.--Curves showing average temperatures obtained along the center of the corridor 

5 feet above floor level during each test. 
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air supply could greatly influence this value. 
Further study involving a greater number of 
samples and improved sampling techniques would 
be desirable to determine the influence various 
types of wall coverings have on the gases formed, 
when a considerable portion of the combustible 
contents have been exposed to fire previously. 

The studies conducted indicate that within 5 to 
11 minutes after start of fire in a partially venti-
lated corridor, conditions develop which could be 
fatal to human occupancy because of low oxygen 
content, high carbon monoxide content, or both. 

Heat .--Another factor influending human sur-
vival is heat, and 300' F. is considered a critical 

temperature (2, 8). Temperatures measured 5 feet 
above the floor level were fairly uniform along 
the entire length of the corridor (tables 3, 4, 5 of 
the Appendix), except for a few fluctuations indi-
cated by the thermocouple nearest the crib fire. 
The average temperature curves at the 5-foot 
level along the corridor, for all three tests, are 
shown in figure 15. It will be noted that the aver-
age temperature exceeded the critical to life level 
of 300° F. at 5.6, 5.0, and 4.3 minutes in tests 1, 
2, and 3, respectively. 

The floor temperatures (tables 12-14 of the 
Appendix) were high throughout the tests, with 
readings as high as 350° to 400° at a distance 

(M 128 382) 

Figure 16.--Minimum-maximum temperatures obtained along the west wall during each fire 
exposure test. 
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of 55 feet from the ignition end of the corridor 
at the conclusion of the test. 

The minimum-maximum temperatures meas-
ured along the sidewalls and ceiling (figs. 16-18 and 
tables 6-11) generally showed that the highest 
temperatures were generated during the third 
test (red oak) and the lowest during the first test 
of the corridor as originally constructed. In 
general, maximum temperatures represent those 
at the crib end and minimum temperatures those 

at the window end of the corridor. Ceiling and 
wall temperatures exceeding 1300’ were re-
corded before the tests were ended. Minimum 
sidewall temperatures of 600° to 800 ° F. were 
recorded during the “as constructed” and hard-
board tests, but the minimum ceiling and sidewall 
temperatures in the red oak test exceeded this 
temperature range. 

The temperatures directly in front of the two 
half-open windows, measured 5 feet above the 

TIME (MINUTES) 

Figure 17.--Minimum-maximumtemperatures obtained along the east wall during each fire 
exposure test. 
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floor (fig. 19), generally increased throughout the 
tests and there was no evidence of any appreciable 
amount of cool outside air entering through the 
windows. 

The ignition specimens (with thermocouples 
attached) placed on the sidewall in the first test 
showed a decided temperature rise at about 
7 minutes (table 15 of Appendix), and then again 
at 14 to 15 minutes--the approximate time of the 
flashovers. Temperatures, however, decreased 
immediately afterwards, thus failing to indicate 
ignition or burning of these specimens; also, a 
comparison of ignition specimen temperatures to 
the corresponding wall temperatures did not indi-
cate ignition. The ignition specimens were there-

fore omitted in the second and third tests. 
Flame spread.--Since flames generally did not 

proceed along the length of the wall surfaces 
prior to flashover along the ceiling, it is difficult 
to correlate the flame-spread characteristics of 
wall panel materials to the fire conditions within 
the corridor. The red oak flooring--flame spread 
of 100--had burned only to a distance of about 
12 feet along the wall and to 25 feet near the 
ceiling when the flashover occurred along the 
ceiling. Hardboard paneling--flame spread of 
122 to 157 by several test methods, and 88 by the 
corner-wall test (9) (in which time to ignition is 
an important factor)--did not even ignite prior to 
flashover. During the first test, the low wood 

(M 128 397) 

Figure 18.--Minimum-maximum temperatures obtained along the center of the ceiling during 
each fire exposure test. 
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(M 128 403) 

Figure 19.--Curves showing average tempertures (average of two thermocouples, Nos. 34 
and 36) in front of the wondows during each test. 

wainscoting did ignite but burned only for ab-foot tests, and about 14 pounds per minute in the 
distance before flashover occurred along the second test, No significance can be placed on the 
length of the ceiling. lower consumption rate in the second test, as 

Wood cribs.--Theconsumption of the wood cribs complete salvage of the material was difficult 
in the first, second, and third tests was approxi- after extinguishment of the fire. The data do 
mately 310, 140, and 200 pounds, respectively, indicate, however, that a relatively low burning 
Excluding the first 1-1/2 minutes of exposure, rate can result in a flashover condition in a com-
the crib consumption rates were approximately paratively large room or corridor. 
18 to 20 pounds per minute in the first and third 
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CONCLUSIONS 


Conclusions drawn from observations and data 
obtained during the three fire exposure studies in 
a partially ventilated corridor are as follows: 

1. Fires generated by two 250-pound open 
wood cribs will develop, after 1 to 1-1/2 minutes 
delay, ceiling temperatures above the cribs cor-
responding to ASTM E119 time-temperature con-
ditions for the 4 to 5 minutes. 

2. Within 6 to 7 minutes after ignition of the 
crib fires, oxygen in the immediate vicinity 
becomes depleted and the hot, combustible pyroly-
sis products flame farther outward, resulting in 
ceiling flashover. 

3. Flashover, which is a source of additional 
heat and ignition of combustible materials quite 
distant from the fire, occurs at approximately 
the same time whether combustible or  noncom-
bustible wall linings are used. 

4. Flashover can occur prior to any appreciable 
flame spread over the combustible wall linings 
and, in the case of hardboard linings, without the 
lining igniting. 

5. Several flashovers may develop during a fire, 
dependent upon the amount of air entering the 
corridor and the duration of burning. 

6. Visibility is generally good during the vig-
orous burning of the wood cribs, but immediately 
after each flashover dense smoke develops making 
observations impossible. 

7. Within 6 minutes after ignition of the wood 
cribs, oxygen levels within the corridor decrease 
to less than 10 percent, carbon monoxide levels 
may increase to more than 10 percent, and tem-
peratures 5 f e e t  above the floor rise above 
300° F.--any or all of these conditions making 
human occupancy untenable. 
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APPENDIX A 

Tables 3-15.--Detail Temperature Data 
Obtained During the Fire  Exposure Studies 

Table 3.--Temperaturedata obtained at 5-foot height along center of corridor during Test No. 11 

Table 4.--Temperature data obtained at 5-foot height along center of corridor during Test No. 21 
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Table 5.--Temperaturedata obtained at 5-foot height along middle of corridor during Test No. 3
1 
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Table 6.--WalI temperature data obtained during Test No. l-I 
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Table 7.--Wall temperature data obtained during Test No. 21 
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Table 8.--WalItemperature data obtained during Test No. 31 

Table 9.--CeiIing temperature data obtained during Test No. 11 
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Table 10.--Ceilingtemperature data obtained during Test No. 21 

Table 11.--CeiIingtemperature data obtained durinq Test No. 31 

Table 12.--Floortemperature data obtained 

during Test No. 11 
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Table 13.--Floor temperature data 
1obtained during Test No. 2 

Table 14.--Floor temperature data obtained 

during Test No. 31 
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Table 15.--Temperaturedata for ignition specimens (Test No. 1)1 
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