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Numerical Simulation on High Temperature Cracking of Concrete based
on Simplified Analysis Method

ZHANG Ke, HUANG Haidong
(School of Civil Engineering , Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: Theory and influencing factors on high temperature spalling cracking of concrete were intro-
duced. A simplified analysis method was proposed combining the research results of high temperature
spalling and peeling of concrete at home and abroad. The secondary development based on CAD-
VBA was used to generate the concrete meso-geometry model, and ADINA nonlinear analysis soft-
ware was used to establish thermal coupling model. The bursting and spalling process of concrete
structures under high temperature was simulated by the finite element model, and the main influencing
factors on high temperature spalling and spalling of concrete were analyzed. The results show that:
(1) The closer to the fire boundary, the higher the burst damage; (2) The high temperature burst
generally occurs in the cement ingredient within the range of Ocm to 5ecm to the boundary of the fire,
and the concrete structure (two-dimensional) bursts and peels off. The proportion of the damage area
to the total area of the structure is small; (3) With the increase of fire boundaries (faces), the heating
rate, the pore water vapor pressure, the concrete strength grade, the thermal expansion coefficient of

the aggregate and the application of boundary load, the time required for bursting and spalling of struc-
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tures reduces; (4) The number of fire boundaries (planes) , external loads of the structure field, and

the strength grade of concrete have little effect on the damage degree due to burst spalling. The heat-

ing rate, pore water vapor pressure, and the thermal expansion coefficient of aggregates have great in-

fluence on the damage degree of burst spalling.

Keywords: concrete; thermodynamic coupling; high temperature burst; numerical simulation
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Fig.1 Uniaxial stress-strain relationship of concrete
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Table 1 Values for thermal expansion coefficient of ce-

ment paste

T/ P ik & 4/ Bz / I 7 K/
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20 5.6 500 11.3

100 6.8 600 12.8

200 7.6 700 13.6

300 8.9 800 14.4

400 10.2
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Table 2 Equivalent thermal expansion coefficient of pore

R3 BERTRHERNZESY

Table 3 Thermodynamic parameters of steel bars at room

temperature
23 Ml
AL T 28/ (We(m=C) ) 49
FE IR/ (Jo(kgC) 1) 520
PR B /(Nem %) 2.0 10"
THFA L 0.3
PR K R/ (me(mC) ) 1.14X10°°
N7 A B AR AR e /(Nem %) 7.96 10°
itk R RS 7 /(Nem™?) 3.35%10°
Jit e ;A% 0.001 675
R 0.016 75
e BR 437 1% J1 /(Nem %) 4.55X10°

x4 EFEERTKRERERNFESH
Table 4 Thermodynamic parameters of cement paste at

room temperature

24 LIS
PAL G R B0/ (Wo(m=C) ) 1.62
LI ZE /(Jo(kgeC) ) 881.5
PPERIE/(Nom %) 3.25X%10"
THFALL 0.2
K R/ (me(m=C) ) 5.6X10°"
B0 B AR EAR/ (Nem ™?) 2.4 10°
BT AR EA/(Nem ™) —2.68 <10
WA s oz A —0.002 58
BRIt A R AR —0.006 45
AR BR R J) /(Nem ™) —1.32X 10

water

W/ SRR | RE/ SRR R
C) (107 "m+(m+*C)"") C) (10 "me(m+C) ")

20 1 500 6

100 2 600 7

200 3 700 8

300 4 800 9

400 5
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Table 5 Comprehensive heat transfer coefficient
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Table 6 Effect of fire boundary on burst flaking

52K TR LI 8] /s e/ (°C) FEBLAE T T /MPa HR LA i 2R WO/ %
1 344 589 6~10 0.013 94 15
2 231 533 5~8.3 0.014 77 1.0
3 147 464 4~6.6 0.018 30 0.5
4 111 430 3.6~6 0.007 68 0.2
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Fig. 10 Distribution of cracks(fire on three borders)
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Table 7 Effect of pore water equivalent thermal expan-

sion coefficient on burst peeling

Mgk BN fmin BRALN B Bith

A /s E/CC) Jp/MPa AR B %
a1 344 589 6~10 0.01394 1.5
fHE2 219 525 8.3~11 0.13750 1.0
HE3 161 474 3~5  0.05459 20
Hede 13 100 2~3.3 0.01878 15
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Fig. 11 Distribution of cracks (combination 2 pore water

equivalent thermal expansion coefficient)
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Table 8 Effect of concrete strength on burst peeling

SRIE BRI i BRALN BRL i

9 /s E/CC) Ji/MPa A W/ %
C40 344 589 6~10 0.0139 1.5%
€30 276 554 4.8~8 0.0511 2.5%
C60 173 486 4.5~7.5 0.009 2 0.5%
C70 148 462 4~6.8 0.008 3 0.5%
C80 200 512 4.2~7.5 0.009 5 0.5%
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Fig. 12 Distribution of cracks(C50)
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Table 9 Effect of uniform load on burst cracking

WA RN mRil RN BRI 4

KN /s E/CC) Ji/MPa MBS /%
0 344 589 6~10 0.0139 1.5
30 309 571 6~10  0.078 4 1.5
50 197 506 4.8~8 0.010 3 1.2
70 173 486 4.5~75 0.0155 1.5
160 160 473 4~6.6  0.008 9 0.2

200 144 458 4~6.6 0.008 3 0.5
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Table 10 Effect of Thermal expansion coefficient of ag-

gregate on burst cracking

Mgk BN momiR BRI R i

A W/s E/CC) JI/MPa RNiE S I/
41451 453 632 5~8.3 0.0010 0.5
G52 424 624 8.3~11.6 0.008 4 1.0
HE3 344 589 6~10 0.0139 1.5
&4 27 200 4.5~7.5 0.0331 30
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Fig. 14 Distribution of cracks(combination 2 thermal expan-

sion coefficient of aggregate)
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