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Experimental study on charring properties of bamboo scrimber exposed
to three-and four-side fire
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(1. School of Civil Engineering, Southeast University, Nanjing 210096, China; 2. Key Laboratory of Concrete and
Prestressed Concrete Structures ( Southeast University) , Ministry of Education, Nanjing 210096, China)

Abstract; As a new structural material, bamboo scrimber has been widely adopted in construction engineering.
However, considering that bamboo scrimber is a combustible material similar to timber, it is urgent to complement
and improve the fire resistance design of bamboo scrimber structures. To study the charring properties of bamboo
scrimber, a total of 16 specimens in 4 groups exposed to three-and four-side fire were tested to analyze effects of
section size, exposure time, and exposure surface number on charring depth and charring with furnace temperatures
following the requirements of ISO 834. Results show that the charring rate decreases as the exposure time increases
due to the thermal resistance of char layer. The effective section decreases and the cross-section changes to corner
rounding due to the double heating process. The difference of the charring depth between the corner and non-corner
areas is significant. Comparing with the charring properties of bamboo scrimber exposed to one side fire, the
charring depth in multi-side fire is larger than that in one side fire. The simulation model of charring depth is
further revised by considering multi-side charring factor. To simplify the fire resistance design, the notional charring
rate is suggested to be 0.7 mm/min based on the corner rounding effect. Therefore, the reliable data can be used
in residual cross-section simulation of bamboo scrimber structures after fire.
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Fig. 1  Photograph of small multifunctional horizontal furnace
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Fig. 2 Typical temperature curves of furnace and standard

temperature curve
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Tab.1 Parameters of specimens for fire tests

Faft Fafh R %t F X
WY G b/mm P R/mm KB Lmm Ym0 R
T1-10 150 150 1 500 10 =
T1-20 150 150 1 500 20 =
T1-30 150 150 1 500 30 =
T140 150 150 1 500 40 =
T2-10 150 75 1 500 10 =
T2-20 150 75 1 500 20 =
T2-30 150 75 1 500 30 =
T240 150 75 1 500 40 =
F1-10 150 150 1 500 10 sk
F1-20 150 150 1 500 20 U
F1-30 150 150 1 500 30 U
F140 150 150 1 500 40 Y T
F2-10 150 75 1 500 10 A
F2-20 150 75 1 500 20 A
F2-30 150 75 1 500 30 A
F2-40 150 75 1 500 40 K]
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Fig.5 Layout of thermocouples
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Fig.6  Charring patterns of specimens after exposure to three-

side fire
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Fig.7  Charring patterns of specimens after exposure to four-

side fire
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Tab.2  Charring depth of bamboo scrimber exposed to three-

side fire o
T T2-1
TR g Bms RAK WK
U s I RERIE Sl
Xy, ox %, x om x, a m

10 8.4 85 154 16.0 8.4 8.1 158 15.5
20 14.2 13.2 24.8 24.8 13.8 14.0 26.3 25.3
30 19.1 18.5 32.7 31.3 19.3 18.5 34.4 33.0
40 23.9 23.1 38.8 38.0 23.9 23.5 37.8 37.2
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Tab.3 Charring depth of bamboo scrimber exposed to four-side

fire mm
Fl-t F2-t
ig FERMX BAXR ERAX B £ X
min | RHIRE REZ BALTREE HACTRE
vy ox, o xy wy x ox ) o',

10 8.3 7.8 153 16.0 8.1 85 17.5 17.7
20 14.7 14.4 26.8 27.1 13.9 14.5 28.6 27.5
30 19.6 19.0 35.2 34.2 20.4 18.5 37.7 34.1
40 23.9 23.5 42.1 41.5 24.3 23.5 44.5 34.1
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Fig. 10  Temperature curves of different measurement points on bamboo scrimber exposed to four-side fire
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Fig.9 Temperature curves of different measurement points on bamboo scrimber exposed to three-side fire
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Tab.4 Comparison of the experimental and calculations results

of charring depth under different conditions

Fa: %),/ mm R/ %),/ mm R/
=) s N S N
WS R % EVCE T S
T1-10 8.4 7.8 7.13 8.5 7.8 8.22
T1-20 14.2 13.7 3.68 13.2 13.7 -3.62
T1-30 19.1 19.0 0.55 18.5 19.0 -2.68
T140 23.9 24.0 -0.33 23.1 24.0 -3.81
T2-10 8.4 7.8 7.13 8.1 7.8 3.69
T2-20 13.8 13.7 0.89 14.0 13.7 2.30
T2-30 19.3 19.0 1.58 18.5 19.0 -2.68
T2-40 23.9 24.0 -0.33 23.5 24.0 -2.04
F1-10 8.3 7.8 6.01 7.8 7.8 -0.02
F1-20 14.7 13.7 6.96 14.4 13.7 5.02
F1-30 19.6 19.0 3.09 19.0 19.0 0.03
F1-40 23.9 24.0 -0.33 23.5 24.0 -2.04
F2-10 8.1 7.8 3.69 8.5 7.8 8.22
F2-20 13.9 13.7 1.60 14.5 13.7 5.67
F2-30 20.4 19.0 6.89 18.5 19.0 -2.68
F2-40 24.3 24.0 1.32 23.5 24.0 -2.04
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Fig. 11  Fitting curves of the charring depth of bamboo scrimber

under different conditions
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Fig. 12 Charring rate of timber exposed to multi-side fire
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Tab.5 Notional charring depth of specimens exposed to three-

side fire

WS REE BARATE mm®  HSORAREE/ mm

T1-10 // 18 822 8.5
|
T1-20 %% 16 580 14.0

T1-30 14 616 19.1

8 884 8.4
T2-20 7 400 14.2
6 206 19.3

T140 % 12 872 23.9
L]
L
L]
Ll

T2-40 5 180 24.1
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Tab.6 Notional charring depth of specimens exposed to four-

side fire

R 2 SORAMBREE/ mm

HPEgh T HALTEBY mm?

.

7
F1-20 / 14 460 14.9
‘

2
F1-30 / 12 204 19.8
_

F140 10 260 24.4

o 7184 8.1
F2-20 i 4788 14.2
P30 | @ | 2912 19.2
F240 ?W%% 1940 24.5

ARTOH 40 LRACTRIE 55 52 K] FUAE 2 SO 24
SURACTEE B, , 1T By FIHRE K I T - TCBRAA H- 1
Z K RAC . 6 7,8 44 T = 1 A DY I AE A
[ 52 KB I) T 44 LA (- F- (L, 283 m] A,
XF T2 1152 KAGPF 2 SORAGEE ATHC0. 7 mm/min.

RT ZEZAEGE RN EE

Tab.7 Notional charring rate of specimen exposed to three-side fire

WS 4 ik B/ (mme-min ') FHE/ (mm-min ')

T1-10 0.85
T1-20 0.70
0.70
T1-30 0.64
T140 0.60
T2-10 0.84
T2-20 0.71
0.70
T2-30 0.64
T240 0.60

x8 MNEFAMGRRLERE

Tab.8 Notional charring rate of specimen exposed to four-side fire

WG5S 2 XA/ (mmemin ") FHE/(mmemin ')

F1-10 0.82
F1-20 0.74
0.71
F1-30 0.66
F140 0.61
F2-10 0.81
F2-20 0.71
0.69
F2-30 0.64

F240 0.61
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Tab.9  Comparison of the charring rate 8, of timber and bamboo

scrimber
AMER p/(kgem ™) Bo/(mm-min~") B./(mm-min~")

A A =290 0.65 0.70

oA o
A =290 0.65 0.80
. =290 0.65 0.70

fifiAR

=450 0.50 0.55
JERU =480 0.65 0.70
HAA 1 050 0.55 0.70
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