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Thermal Stress of Concrete Structure Subjected
to Non-linear Temperature Variation

WANG Weit2, SU Xiaozu', ZHAO Yong*

(1. Department of Building Engineering, Tongji University, Shanghai
200092, China; 2. Zhejiang Provincial Institute of Architectural
Design and Research, Hangzhou 310006. China)

Abstract: For investigating the thermal stresses in reinforced

concrete structures under the non-linear temperature
gradient, an analytical procedure of space structures was
presented with the aid of the user-programmable features of
ANSYS based on the relaxation-method and the gird-method in
sectional analysis. Reinforcing and cracking were also taken
into account. In order to study the thermal stresses of the
Shanghai south railway station, the temperature variations in
the annular girders were measured on site. A simplified
formula was proposed to calculate the temperature gradient
based on the surveyed data. The forementioned procedure was
used to analyze the thermal effect of the main structure. The
analytical results show that the temperature load due to solar

radiation has a remarkable effect on the concrete structures.
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Fig.1 Temperature stresses over depth
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Fig.2 Construction plan of Shanghai south railway station
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Tab.1 Parameters of ring prestressed concrete beams

G5 WHRSE o X hox by)/mm BRI B (B mm)

c1 2500 X 2 100 % 1 200 = '
C2 2500 % 2 100X 1 200 %I:
C3 2 500 X 2 100 X 700 - ‘ S
c4 2500 % 2 000 X 900 s p B
C5 3000 x 1 600 % 1 950 L

2.2 REHMR

iR B T BT TR B L 2 A A MR R
KM 2004 4F 3 AFFZE 2 10 A 5 i L 2 5
Jiti TIHFLE 2 2005 4F 3 A it T 5 ] LB . AR i
TS99 m b AR I (] R 52 T H AR ST
YRR S 15 A 0 3 B8 80 0 20 281 R e T 380 1)
X5 9. 9m A - 5 TN TR B - 45 4 143 BE A
137 BRI . i B2 I s A A CL~ C5 PR 3E W 1
e E N T C1~C2 32, LAB g R Vi e 1 2
Hh L E S 109 93 A I A TR R R AT ML
20 minfllis—K ., 3 A ShIRAFAETT AL

MRS SR AT LU 31 D450 15 Rl i ) 5
JT SR A Al o 250 i it P ) BR i (L ) I i) A A
[F o ST 2 16 I s by 52 H IR R P 3R AR
{EHBUAE 1530 747, e/ ME I BEAE 7:00 247
OBEF WL BE A3 0 D00 T8 Y e {1 s ]
AW RIS B AT RE Y BLAE 2000 2647 . Ti e
AMELIUH BAE 1000 ZE4 7. O 52 1l » it

e Bl Y TR A B — R (L 0 A
JERANERE R S AE 7 H 20 Hirmi e 46.7
C e fif 34.5 C M2 12. 2 °C L1 2 g P &R A9 il
FEWFZEAE 34 °C oAy, BRI IR B e st AR /)
55 H P8 TR A R @Dl B 2 R 1) A2 AL A
WA A o DRI PR T 1) 3 23 A

K 32H T 7H 20 H 10:.00 & 21 H 10:00 £
I BE C1 24 SR I 1 15 10 £ 3 A 1 00 » 18] 3a g 4
52 IR S Aot B )t 2 A L6 9 g B A B B
WA S AR I A 2 Tl Ao B K B
A T 0 R IR O A 2 i TR E . T 3b D
JG H RE A I B AR BE 0 A1 o T U H - 2540 2 1 iR
JE It 5 A5 a2 P AP T DR S A1 o 7 7 1A P 0 it
JE T RGN L RS W Hh BRAE AR P98 1900 DU
BT L3 T BT AR P PR SO L i L A 4% 23
R 22 AR X H IR DL B BRI

0r 0-
-0.42 + —0.42 |
——19:00
g 0841 —0.84 ¢ —=—21:00
> ——23:00
-1.26 + ~126} ——1:00
——3:00
——5:00
-1.68 ¢ -1.68 ——T7:00
——9:00
-2.10 -2.10
30 40 50 30 35 40 45 50
t/°C t/°C
a H BB b JGH B

3 BREBESTH

Fig.3 Temperature rise over depth
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Fig.4 Comparison of variations of temperature
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Fig.5 Finite element model of Shanghai south

railway station
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Fig.6 Internal force and crack distribution diagram

under solar temperature
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Tab.2 Internal force in structure under nonlinear thermal gradient and self weight
: TR R

?g N/N  M,/(kN-m) NN M, Ne /AN Ne RN Mo /N )
Cl-4 3551 3468 3 766 3467 -5412 9 215 4 508

Cl-5 3 148 3 648 3 360 3 604 4 736 9 215 4 508

Cl-6 3457 3110 3582 3024 -9 065 9 215 4 508

C2-4 2 879 3 556 2999 3511 -8 093 9 215 4 508

C2-5 2714 3751 2744 3709 4799 9414 4 694

C2-6 2 160 5 387 1 760 4 230 -8 220 9414 4 694

C3-4 1770 3184 1855 3258 -5419 7 227 3894

C3-5 1 693 3 816 1780 3774 5 467 7752 4 385

C3-6 2195 3624 2335 3570 -8573 7 661 4 300

C4-4 1038 3318 1091 3350 -10 611 7 814 3832

C4-5 1186 3340 1 200 3330 6 285 8 158 4136

C4-6 1 547 3160 1595 3121 - 10 233 7 905 3912

C5-4 -3 684 2761 -3 763 2 795 -5830 10 170 3 408

C5-5 - 622 3309 - 726 3282 4997 10 170 3408

C5-6 405 3 801 383 3767 -10 149 10 170 3408

e Ma N BEEMATNREHE, Na W2 ) Mo IR 5.
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