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Experimental Study on Insulating Properties of Fire-resistant Plates

Commonly Used in Building under Different Fire Conditions
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Abstract: Fire-resistant plate is one of the important measures for fire prevention of steel members.
The insulation property of fire-resistant plates determines the fire resistance of steel structure. In order
to study the insulation performance and the damage pattern of the commonly used fire-resistant plates
in the construction field under different fire conditions, fourteen specimens were tested under three dif-
ferent heating conditions. The results show that: (1) the failure mode and crack development of the
plates are related to the heating history; (2) The evaporation related heat absorption of bound water
decomposition is one of the important factors in alleviating the temperature rise of steel plates during
heating process; (3) It is safe to use the X value in the plate temperature platform area under ISO-834
standard fire condition to guide the design of fireproof structure in the other two fire situations ;
(4) The thermal conductivity of plate obtained by using the measured results of air temperature on

plate surface and steel temperature agrees well with that of simulation, suggesting that the presented
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thermal conductivity measurement method is reliable; (5) Two important sensitive parameters of the

simplified temperature-equivalent thermal conductivity curve of gypsum board are obtained by combin-

ing numerical simulation with experiment: the final temperature point of the temperature range in

which the equivalent thermal conductivity is influenced by heat and mass transfer (470 ‘C), and the

minimum value of the equivalent thermal conductivity in this temperature range.

Keywords: fireresistant plates; heating regime; heat and mass transfer; effective thermal conductivity
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Table 1 Density of different plates at room temperature
WA GyBl GyB2 MOB CSB CCA
o/(kgem™) 640 920 1050 1460 1380
SAEAEE BN Tl
7K P e P at
o F R W IR T B KA 26 5 GyB1 A0 g MLt K A B AL (BNBM
Fire-resistant plasterboard); GyB2 18 & ] i 4% i K 1 B # (Knauf
Fire-resistant plasterboard); MOB X % B¢ £ #it (Magnesium Oxide
Board); CSB L # fif: B2 45 4 (Calcium Silicate Boards); CCA {2 & 7%
TG A K £F 4k 2 45 4k K U2 F- Al (Cellulose Fibre Cement Sheets, Auto-
claved); AN 7 AR JEEE 24 12 mm
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Table 2 Test parameters of thermal conductivity

25 5 ARG e FHiE T 6L R
GyB1-i
yei NI/ISO/HC 4 B4z ik
(j=1.2)
GyB2-i7j s
NI/ISO/HC 4 EMAEE
(j=1.2)
MOB-i NN
A NI/ISO/HC 4 M4
(j=1.2)
CSB-ij o
NI/ISO/HC 4 EMAEE
(j=1.2)
CCA- NN
NI/ISO/HC £ MR
(j=1.2)
GyB1-PBD-j 200~900 °C; )
X PBD %
(Gj=1.2) ] % 100 °C
B
MOB-PBD-j 200~900 °C;
X PBD i
(j=1.2) A1 B 100 °C
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H), Hodh (=NI/ISO/HC , NI 271 A b i a2,
ISO 7R 1SO 834 4R ik K J i 26 HC R J& 2k
JM LR o AR R E kTR R 25 kT 4R AR AR B
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Fig.1 Temperature-time curves in different heating scenarios
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Fig.3 Furnace for thermal conductivity test of plates
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Fig.4 Phenomenon of fireproof board under different fire

conditions
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ent plate protection under different fire conditions
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Table 3 Table of equivalent p values for different plates

Ly ) i

) GyBl  GyB2 MOB  CSB  CCA
2

WE/C 50~180 50~180 50~380 50~470 50~350
P 1.1 1.3 0.8 1.4 0.7

LI /T 180~900 180~900 380~900 470~900 350~900
P 0.2 0.4 0.3 0.5 0.4

AR B7 K AR 32 K 3% i 2SR R A A AR
JEE A 0 46 2 3 i A2 3O TS A [F] B
KR I TR A T A A 8 S B AR O AR il e, A T
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Table 4 Comparison of A values of temperature plateau

for different plates under different fire conditions

THR T8 GyBl GyB2 MOB CSB CCA

A 0.681 0.532 0.979 0.483 0.468

NI A 0.031 0.018 0.074 0.030 0.002
AZEMLEE 0.650  0.514  0.905 0.453 0.466

A 0.136  0.225 0.470 0.431 0.336

SO A 0.023  0.035 0.039 0.040 0.081
AZEMREE 0113 0.190 0431 0.391 0.255

A 0.185 0.266 0.300 0.499 0.385

HC Au 0.031  0.021 0.079 0.021 0.021

ATEfkE 0.154  0.245  0.221  0.478 0.364
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Fig.10  Comparison of T-A, curves by different scholars
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Table 5 Table of equivalent thermal conductivity values for different plates

T,/°C GyB1-A, T,/C GyB2-4, T,/C MOB-A, T,/)C  CSB-A,  T,/C CCA-,
40 0.4 40 0.3 35 0.35 35 0.5 35 0.7
70 0.07 60 0.06 60 0.1 80 0.09 80 0.12
220 0.02 190 0.025 165 0.03 250 0.01 200 0.01
300 0.13 290 0.22 260 0.48 360 0.43 280 0.05
340 0.13 340 0.03 300 0.03 385 0.04 360 0.35
375 0.025 370 0.08 420 0.32 420 0.29 390 0.1
470 0.27 430 0.3 620 0.32 850 0.29 440 0.25
850 0.27 850 0.32 900 0.7 900 0.42 860 0.35
1000 0.6 —— —— —— —— —— —— 950 0.7
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Fig.11 Curves of specific heat capacity and density of fire-

proof board with temperature
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