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Finite element simulation of inside-outside temperature gradient and

thermal stress for abutment mass concrete

SUN Zeng-zhi', TIAN Jun-zhuang', SHI Qiang*, LIU Wei*, CHEN Hua-xin',
XU Qin-wu’, ZHANG Ben'
(1. School of Materials Science and Engineering, Chang’an University, Xi’an 710064, Shaanxi, China;
2. Ordos Wanli Bridge Group Co. , Ltd. , Ordos 017000, Inner Mongolia, China;
3. The Transtec Group, Austin 78731, Texas, USA)

Abstract; Aimed at the earlier temperature cracks of mass concrete during construction, a 3D
finite element model of mass concrete was built based on the abutment of Laoshangou Highway
Bridge in Inner Mongolia, and the effects of content of fly ash, pouring temperature,
environmental temperature, and maintenance measure on central temperature, temperature
difference between inside and outside, and surface tensile stress of abutment were analyzed.
Simulation result shows that the surface tensile stress of concrete increases with the content
decrease of fly ash, the decline increases when the content exceeds 30%, and the central
temperature, the temperature difference between inside and outside, and the surface tensile stress

decrease with the increasse of adding dosage of fly ash, so effective adding fly ash can reduce the
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hydration heat of concrete and prevent the occurrence of cracks due to the surface temperature
difference. When the pouring temperature increases from 5 ‘C to 30 ‘C, the highest central
temperature of concrete increases from 40.3 C to 58.1 °C, the maximum temperature difference
between inside and outside increases from 8. 6 C to 19. 0 °C, and the maximum tensile stress
increases from 0. 93 MPa to 1. 66 MPa. The highest central temperature of concrete and the
maximum temperature difference between inside and outside appear in advance, and the surface
tensile stress increases linearly along with the increase of pouring temperature. The temperature
difference between inside and outside and the surface tensile stress decrease with the increase of
environmental temperature, and the relationship between the surface tensile stress and the
environmental temperature is linear basically. The better curing condition is, the smaller the
temperature difference between inside and outside is, the slower the increase speed of surface
tensile stress is, the later the occurred time of maximum surface tensile stress is, which are
beneficial to control the cracks. 1 tab, 31 figs, 23 refs.
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Tab.1 Calculation parameters of materials
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Fig.1 Calculation model

1.2 hREH

(LRI F AT D s 7R £ T T 5 2 G 426 R
b R £ 0 THT B TOUHR A5 B 058 e A BA S

LR 1 FE A AF 9 X PRI 5L K 5 8 E
2.

2 BREBSERENNZLMERSH

S CES RS o JUENANIESWNGI A R
R3] 2 T B A7 Y DR R A TR B T EE L DESRIRLE (3
S B A5 PR A% PR A5 L 25 DR X R B AP i B D
PN AN 22 5 R TR R ) A BRI IR . T
TR R 6L % 21 R B X85 P T e 2 ) v
Rl PR T A IS, AR IR R BCRIR A L
AL KR A B PER BF. 2R
WHN6.2CT~8.7C,1 AR FEHRIRN—12.9 C~

—10. 8 C e LM —32.8 'C.7 1 F
SN 25 C~29 °C L THEZ 6~8 A 3y i F- 45
W2k 25 °C o 7R SCAE B 3 B L, A0 53T
25 °C, FEIREE LB FE AR BT T KA H, 3%
F I 20 C,
2.1 MERKBENEIE

IR YRR 3L A AR K AL #4425 5 9 fek R R /K U
KYBEIR Sy 1 A B A1 i 50 SR 2R 3R B2 e 28008 7K
R AP Ry b A FoR 4. 75~31. 5 mm L EEAT
FEA K A K . B KK HE o 0. 45, K Y8 K .
WEAT D AN B B & ok 1,00 ¢ 0,45 ¢ 2,22 ¢
3.07 + 0,02, B K R 45 U B 20 0 ok -
0% .10% .20% .30 % .40 % » GESA UL N 20 °C, AR FE
SMRA 25 °CL2 em JEARMIE . T LHREIR
BE+ L RAE S A RO R GE L TR OB | SR
o ) 1 A R AR SN T B B 2~T7 AR i
SOV | LR 2 R 2 v B 7 389 Bt R R K 4B R K
T /N 24 K3 TR 35 5 DA 0% 5] 40 % A8 AL i, 7R 5
O IR EE N 54.0 CRER 47.5 °C, B LRI Z MM
16.4 CRg 2£12.8 °C, F 1 e K Wi J1 M 1. 60 MPa

60 -

o BE/C

20 1 1 ]
0 10 20 30

WA I [R)/d

B2 AEDB IS ST B o0 R 5 ) 06 & il 4R
Fig. 2 Relational curves of central temperature and

time under different fly ash contents
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difference and time under different fly ash contents
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Fig. 4 Relational curves of surface tensile stress and

time under different fly ash contents
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stress and fly ash content
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Fig. 10 Relational curves of surface tensile stress and

time under different pouring temperatures
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Fig. 11 Relational curves of center temperature and

pouring temperature
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difference and pouring temperature
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Fig. 13 Relational curves of surface tensile stress and

pouring temperature
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Fig. 15 Relational curves of inside-outside temperature

difference and time under different environmental temperatures
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Fig. 16 Relational curves of surface tensile stress and time

under different environmental temperatures
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Fig. 19 Relational curves of surface tensile stress and

environmental temperature
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