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A se ri als test of crib fire con ducted in a bench scale com part ment. To tal heat flux to
the wall is mea sured by Schmidt-bolter gages in up per zone and lower zone of the
com part ment. The heat flux in ten sity and dis tri bu tion of these quasi-steady crib
fires is eval u ated through these tests. The peak value and in te gral of the mea sured
to tal heat flux is scaled with ex posed sur face area of wood cribs. Lin ear re la tions of
these scaled value with the mass and ex po sure sur face area of wood cribs are ob -
tained. The ra tio of scale value in up per and lower zone is also pre sented which
could be used as model in es ti mat ing ther mal load to side wall for bench scale tests.
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In tro duc tion

The per for mances of fire are im por tant in deal ing with prob lems re lated to fire de tec -
tion, fire heat ing of build ing struc tures, and hu man and prop er ties pro tec tion. Much works has
been done to ex plore gas tem per a tures and burn ing rates in com part ment fires. But less re search
has been car ried out to study one im por tant fire per for mance, which is the ther mal load gen er -
ated by fire to wards wall. As it is an im por tant con cern for con struc tion de sign, the build ing
codes or fire codes spec i fied stat u tory re quire ments per tain ing to the heat flux to wall for fire
safety de sign [1]. 

Some re searches fo cused on pre dic tion of the ra di a tive heat flux from a flame to de ter -
mine ig ni tion and fire spread haz ard, and in the de vel op ment of fire de tec tion de vices. But the
shape of flames un der ac tual con di tions is ar bi trary and time de pend ant, which makes de tailed
ra di a tion anal y sis very cum ber some and un eco nom i cal [1]. Fur ther more con vec tion plays an
im por tant role in heat trans fer dur ing a com part ment fire. It trans fers the enor mous amount of
chem i cal en ergy re leased dur ing a fire to the sur round ing en vi ron ment by the mo tion of hot
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gases. In case of com part ment fire, hot gases from fire plume rise di rectly above the burn ing fuel 
and im pinge on the ceil ing which re sults in ceil ing jet. The ceil ing jet move hor i zon tally un der
ceil ing to other ar eas un til meets the side wall. While the hot gases layer grows thicker, part of
the jet flow moves down wards along the side wall. Thus, the heat flux through the side wall is
made up of ra di a tion from flame and con vec tion of ther mal flow in side com part ment. Fire en -
dur ance of wall ma te rial should be eval u ated by cer tain heat flux load un der an as sumed fire ex -
po sure. To tal heat flux mea sure ment is nec es sary and more mean ing ful in com part ment fire re -
search. Lattimer used dif fer ent size of square and line pro pane burn ers with heat re lease rates
rang ing from 25 to 300 kW to study to tal in ci dent heat flux onto the non-com bus ti ble [2] and
com bus ti ble [3] cor ner. Em pir i cal re la tions for es ti mat ing the in ci dent heat fluxes were de vel -
oped from these tests. Ohlemiller [4] used two square pro pane gas burn ers as fire ini ti a tion
source in ISO 9705 room with a cor ner cov ered by lin ing ma te rial. The heat flux dis tri bu tion in
the cor ner area was mea sured by Schmidt-Boelter to tal flux gages. Con tours of con stant heat
flux on cor ner wall were given for the two scales burner. Tofilo [5] used square pan fires of in -
dus trial meth yl ated spir its as fire source to study heat flux on side walls. Croce [6] used wood
crib fires in en clo sures to study heat load on side wall dur ing quasi-steady stage. The re la tion -
ship of scaled ra di a tion and ven ti la tion pa ram e ters were given by their re search. The study ad -
dressed in this pa per was con ducted in bench scale with quasi-steady wood crib fire. The mea -
sured to tal heat flux is give by its re la tion ship with the mass and geo met ric shape of wood crib.
The char ac ter is tics of to tal heat flux to the side wall in up per and lower zone of the com part ment
are il lus trated.

Ex per i ment setup and fa cil i ties

Wood crib fire is closer to the real com part ment fire than pool or spray fire. Fire be hav -
ior of wood crib is im por tant in room fire re search when it is used as fire source, thus wood cribs
made of white pine are used in these tests. The def i ni tion of wood cribs is given in the SFPE
Hand book of Fire Pro tec tion En gi neer ing [1], which is de fined as the wood struc ture with reg u -
lar, three di men sional ar ray of wood sticks. Each stick is of a square cross-sec tion and of a
length much greater than its thick ness. The sticks are placed in al ter nat ing rows, with an air
space sep a rat ing hor i zon tally ad ja cent sticks. Two re gimes, which are sur face area-con trolled
burn ing and po ros ity-con trolled burn ing, were dis cov ered by Gross [7] based on mass loss rate
for wood cribs burn ing in open space. Po ros ity fac tor [7] was de fined for crib re search, and it
can be cal cu lated from fol low ing equa tions. For a wood crib, l is the length of stick, b – the
cross-sec tion of the stick, N – the layer of crib, and n – the num ber of stick per layer, the po ros ity
fac tor f is:

f = N b
A

A
1 1. v

s

(1)

where As is the ex posed sur face area of the wood crib,

A nN lb b N n bs = + - -( ) ( )4 2 12 2 2 (2)

and Av is the open ing area at the base of the wood crib,

Av = (l – nb)2 (3)
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Ta ble 1 il lus trates the pa ram e ters of wood cribs where s is the space be tween stick, h –
the height of crib, and R – the mass loss rate. The cross-sec tion size of each stick is 10 × 10 mm.

Ta ble 1. Pa ram e ters of wood crib

Crib
la bel

l
[cm]

N
s

[cm]
h

[cm]
Av

[cm2]
As

[cm2]
n

f
[cm1.1]

R
[%]

Ini tial
mass/g

10-5

10

5

1.25

5

25

950

5

0.0588 0.428 112

10-10 10 10 1875 0.0422 0.307 224

10-12 12 12 2245 0.0386 0.281 269

10-15 15 15 2800 0.0346 0.252 336

12-5

12

5

1.2

5

36

1356

6

0.0594 0.432 156

12-10 10 10 2676 0.0425 0.309 307

12-12 12 12 3204 0.0389 0.283 394

12-15 15 15 3996 0.0349 0.254 497

15-5

15

5

1.0

5

49

2224

8

0.0493 0.359 266

15-10 10 10 4384 0.0353 0.257 564

15-12 12 12 5248 0.0323 0.235 664

15-15 15 15 6544 0.0290 0.211 791

Wood sticks had been con di tioned more than one month be fore burn ing test. The con -
di tion ing room is with 23 ± 2% in tem per a ture and 50 ± 5% in hu mid ity. The av er age den sity of
crib is 439 kg/m3. All the cribs were ig nited by 25 mil li li ters of heptane in a steel plate (160
milimeters in di am e ter) un der neath the crib.

The size of com part ment is 1400 ´ 1000 ´ 200 mm (length ´ width ´ hight) with a
100  ´ 1200 mm (width ´ hight) open ing. 

Two Schmidt-bolter to tal flux gages are mounted on the side wall with their sur face
flushed with in ter nal wall. The dis tance from gage  sur face to axis of crib flame is 500 mm. One
is 300 mm above the floor, which is la beled as low-gage, and the other is 900 mm above the
floor, which is la beled as up-gage.

A ther mo cou ple tree is placed at the cor ner of com part ment. 10 Type K thermocouples 
are on the tree with na ked wires 0.2 mm in di am e ter. They are la beled as T110 to T1100 with
100 mm in cre ments from 110 mm to 1100 mm (which is 100 mm be low the ceil ing) above the
floor. All the thermocouples were con nected to a data ac qui si tion sys tem with a sam pling rate 1
sam ple per sec ond.

Re sults and dis cus sion

Se lected time his tory curves of to tal heat flux of up-gage and low-gage are il lus trated
in figs. 1 and 2, re spec tively. Over all up-gage  am pli tude is more than that of low-gage along the
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com bus tion pro ce dure. The ten dency of each curve re pro duces the shape of heat re lease rate,
and all have dou ble-peaks. Al though the po ros ity fac tors of these cribs be long to the range lead -
ing to sin gle heat re lease rate (HRR) peak [8], no sin gle peak HRR ap pears. That would be
caused by the size of stick is larger than that men tioned in [8]. Flame can not spread all over the
crib quickly. This rel a tively slow prop a ga tion causes the char for ma tion ef fect over takes the py -
rol y sis ef fect. The over all burn ing is re strained by char for ma tion, thus the HRR de creases to
form a mid dle trough. This im plies that po ros ity fac tor is not the only gov ern ing fac tor in con -
trol ling the burn ing model of wood crib fire. A sec ond peak cor re sponds to the post-sur face char
for ma tion stage while an in creased rate of volatiles for ma tion was achieved. The sec ond peak

caused by the to tal burn ing of crib is much
higher than the first one (ex cept in test 12-5, in
which the rel a tively looser struc ture causes
quick burn ing of crib). The ra di a tion in ten sity
from flame and con vec tion mag ni tude in side
the com part ment de pends on the HRR strongly.
This re sults in the shape of to tal heat flux to the
side wall re flects the change of HRR.

Fig ure 3 shows the com part ment tem per a -
ture in test 10-15. The curves pres ent a typ i cal
two-zone model of this com part ment fire. The
in ter face layer is near T660 which is 660 mm
above the floor. The T660 fluc tu ates se verely as 
a tur bu lent flow ap pears be tween con trol vol -
ume of up per and lower zone. The tem per a ture
of the up per zone is greater than that in lower

zone. This con firms that the low-gage (300 mm above floor) and up-gage (900 mm above floor)
are in lower zone and up per zone, re spec tively.

More at ten tion is paid on the heat flux peak and the to tal ther mal load of heat flux to
the wall dur ing burn ing pro ce dure. The peaks (la beled as qpeak, with unit in kW/m2) and in te gral
of heat flux (la beled as qwall, with unit in MJ/m2) dur ing burn ing stage for all tests are il lus trated
in figs. 4 and 5, re spec tively. The po si tion of up-gage is in up per zone of com part ment dur ing
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Figure 1. Heat flux of up-gage Figure 2. Heat flux of low-gage

Figure 3. Compartment temperature in test
10-15 (color image see on our web site)



fire pro cess. The heat flux to the side wall con sists of ra di a tion from fire plume and smoke, and
con vec tion of hot gases. The value of up-gage is quite greater than that of low-gage which is in
lower zone with ra di a tion from the root of plume and very weak con vec tion. 

Peak of to tal heat flux and the in te gral of heat flux are treated with wood crib  ex posed
sur face area As. The re sults are il lus trated in figs. 6 to 9 vs. As and ini tial mass.

In figs. 6 and 7 qpeak is mul ti plied by ex posed area As (which unit is in m2), then is
drawn against mass and As, re spec tively. Lin early fit ted re sult is also drawn with the test curves.
The qpeak·As (with unit in kW) in creases lin early along with the ini tial mass and As. The up-gage 
line has greater ra tio of slop than that of low-gage. Ta ble 2 lists the fit ting un cer tainty of fit tings
in figs. 6 and 7.

Ta ble 2. Un cer tainty of fit ting re sult in figs. 6 and 7

Up (fig. 6) Low (fig. 6) Up (fig. 7) Low (fig. 7)

Con fi dence [%] 99.16 98.40 99.19 98.43

Stan dard de vi a tion [kW] 0.0673 0.0323 0.0660 0.0320
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Figure 4. Peak of heat flux of all tests (qpeak) Figure 5. Integral heat flux of all tests (qwall)

Figure 6. qpeak·As vs. As Figure 7. qpeak·As vs. mass



In figs. 8 and 9 qwall is mul ti plied by ex posed area As (which unit is in m2), then is
drawn against mass and As re spec tively. Lin early fit ted re sult is also drawn with the test curves.
The qwall·As (with unit in MJ) in creases lin early along with the ini tial mass and As. The same as
shown in figs. 6 and 7, the up-gage's  line has greater ra tio of slop than that of low-gage. Ta ble 3
lists the fit ting un cer tainty of fit tings in figs. 8 and 9.

Ta ble 3. Un cer tainty of fit ting re sult in figs. 8 and 9

Up (fig. 6) Low (fig. 6) Up (fig. 7) Low (fig. 7)

Con fi dence [%] 95.14 94.45 96.35 95.71

Stan dard de vi a tion [MJ] 0.481 0.199 0.418 0.176

Fig ures 10 to 13 il lus trate the ra tio of the val ues from up-gage and low-gage. It shows
the ten dency of each ra tio tends to be con stant as ini tial mass or ex posed sur face area in creases.
This would be help ful in pre dict heat flux from other sim i lar larger fire source.
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Figure 8. qwall·As vs. As Figure 9. qwall·As vs. mass

Figure 10. Ratio of up- and low-gage maximum
heat flux (qpeak) vs. As

Figure 11. Ratio of up- and low-gage maximum
heat flux (qpeak) vs. mass



Con clu sions

This re search would be help ful in work ing as a ba sis for es tab lish ing heat flux pre dic -
tion model which is used to es ti mate ex ter nal fire size tol er ance of lin ing ma te rial for con struc -
tion us age. With these scaled re sults and con sid er ing geo met ric pa ram e ters of com part ment, it
would be ex pected to achieve an over all heat flux model to side wall for an en clo sure fire and
then ver ify it. Trac ing the heat source is also im por tant in anal y sis to tal heat flux. This would
help to weight the heat amount from ra di a tion and con vec tion. The re sult can be used as ref er -
ence to adopt suit able pro tec tion mea sures to pre vent ra di a tion and con vec tion.

Ac knowl edg ments

The re search is sup ported by the Nat u ral Sci ence Fund of China, No. 50876045. This
re search also used the fa cil i ties es tab lished from Nat u ral Sci ence Fund of Jiangsu Prov ince, No.
BK2008416 and fi nan cial sup port from State Key Lab o ra tory of Fire Sci ence, No.
HZ2007-KF11.

Ref er ences

[1] ***, The SFPE Hand book of Fire Pro tec tion En gi neer ing, 3rd ed., ISBN: 087765-451-4, pp. 3-13-15
[2] Lattimer, B. Y., Sorathia, U., Ther mal Char ac ter is tics of Fires in a Noncombustible Cor ner, Fire Safety

Jour nal, 38 (2003), 8, pp. 709-745
[3] Lattimer, B. Y., Sorathia, U., Ther mal Char ac ter is tics of Fires in a Com bus ti ble Cor ner, Fire Safety Jour -

nal, 38 (2003), 8, pp. 747-770
[4] Ohlemiller, T., Cleary,  T., Shields, J., Ef fect of Ig ni tion Con di tion on up ward Flame Spread on a Com pos -

ite Ma te rial in a Cor ner Con fig u ra tion, Fire Safety Jour nal, 31 (1998), 4, pp. 331-344
[5] Tofilo, P., et al., Wall Heat Fluxes in En clo sure Fires, Pro ceed ings, 6th Asia-Oceania Sym po sium on Fire

Sci ence and Tech nol ogy, 2004, Daegu, Ko rea, pp. 108-119
[6] Croce, P. A., Yin, Y., Scale Mod el ing of Quasi-Steady Wood Crib Fires in En clo sures, Fire Safety Jour nal 

40 (2005), 3, pp. 245-266
[7] Gross, D., Res, J., Na tional Bu reau of Stan dards, C, En gi neer ing In stru men ta tion, 66C (1962), 99

Xu, Q., et al.: Total Heat Flux on the Wall: Bench Scale Wood Crib Fires Tests

THERMAL  SCIENCE: Year 2010, Vol. 14,  No. 1, pp. 283-290 289

Figure 12. Ratio of up- and low-gage overall heat 
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Figure 13. Ratio of up- and low-gage overall heat 
flux (qwall) vs. mass
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