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Structural Safety Research of Concrete Box Aqueduct Under Solar Radiation with High Temperature
JI Rt chen*”, YAN Juan®,SU Xiao feng?®
(Lanz hou J iaotong University, a. School of Civil Engineering; b. Key Laboratory of Road & Bridge
and Underground E ngineering of Gansu Province, Lanzhou 730070, China)

Abstract: The temperature difference and thermal stress of a box aqueduct under the solar radiation was simulated using the ft

nite element software ANSYS. The results indicated that the considerable thermal stresses occur along the longitudinal and

transverse directions of the inter surface of the concrete box aqueduct, and the average value of the thermal stresses exceeds the

design tensile strength of concrete. Therefore, the thermal stress generated by the solar radiation should be considered in the de

sign of body structure of box aqueduct, and temperature reinforcement needs to be configured during the design process.

Key words: hydraulic structure; box aqueduct; solar radiation; thermal stress; finite element soft ware

FEI RS T , 68 U6k R T DA TR 1o BT A0 i 2 A2 A
BOK, TS FH AR U5 A /N, ELRE 5 10 3 20T 55 7KL
Fef, SR R T KR, FEASORFRAEE, AT JAE 45 K A
PR K IR BE A 32, Y e JEE 77 1) 0 AR JSE 7 1) 2% 2T 4 J2 1)
TR o AR 4, 75 ™ A Rl BEAR ] 52 3
ke 1A TR 2T 4 2 ORI R i 0 2 AU, 2 AE A 1) AL 7] 7 7 B
BRI N T7

W T K125 2 TR ) TR IS (1 7t 2 £ 2 AN TS, i S
SO B HT T TR 5 R 1) 556 0 R 52 BN AT 2 R0
L, [T PAY 472 3 o 5 1 Tt 1 A SR 6 AL 58 3 A 0S8 ) AR
TADA GBS BRI RIS T A R OR, BUR T
VF2 20, (A LUHA BLS BDA 258 3 . (H, &% EALE
HAE AL PS8 37 ( RV P2 B 152 B 7 s AN, L2
AR B2 A7 ROV 10 I 22 e RO 10 7 3 R R o PEE A5 b
A ARAN T, LS A () B A AT 422 JR AN [NV R Dt P
BRIE BEAT vF B, &5 AR S s b 2t B B2 N )

:2013-05 11 :2013-09 06

PNt G R BERE R RS e A AN 2, RO % QU B2 it
18, WASGEARIE S5 DU VE. 5 — T 1, A 46 5 9 AR
BN KA, 550 G IR 10 57 451 G AR K AN [R], it LA
SO VRS S I, A fe R AR A RIS 32 RS I 1) 43 A
Jitke HETHRIL TRR SF— S5 A0 B H L
THRE SIS SRR JE N ) v S . AN SCAE Rgh [ At
RS 3 AL FE Y T 9 R (9 ity L, RS T R iR 8 3
A AR A A AT PR TT 0 AT AR A ANSYS 0 AR T AR
I SRR 32 37 RO S8 I 3 3R AT V55, 40 T L3 5 3 R0 S5 1
JII 53 A R
1

TR — IR A A S AT 4 4, T DA B A Dy WA B K
JEEJ5 W) (N I0T) IR 23 A 2 35T 1, G TR W R B K g 1)
ST R 0T/ 0z= 0, T [a) i 5 37 W] DAFE 1 = 4¢P 18 )
X BE DAV 250 ITIESE o A SCIE FRAR A

12013 1610

: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20131010. 1029. 041. htm1
s R A ARREE R G B I H (10902045) ; KT 2 A AUHT HIBA K VT RI(TRT1139)
S FHEL(1969-), Y5, i PEWIM A, B3%, 1+, EEMNFOK TEM BB 5508 . B mail: JIRICHEN@ 126. com
S 4H(1987-), o, HR B, WS, R EAFOK T TR T . Email: yanjuan. well@ 163. com

<90+ W ® W R



ZHEF RETHVEEIEGRTEMZ 2R

T N R R AT A b, e R
aT a(82T+ 82T)+ 29
ar ~ 1 a%x 9%y Jat

(1)

SRl s o IR 1 0 R R m?/h), a= %;A%?ﬁi&%i@%&
ZH(KI (m= he C));ec AREL LI (K/ (kg T));P
R (3 B (kgf m®) 3 0y T L O A R TH(C)

BT AT KR, 28 5t T SR MO, K A3 LT 5% e
LR, SRR 554 U T 0 L TRURAR K s
Wi, g—etz 0, Mt B 7R

ar _
at ~

y T, T,
dx > 8y2

KA, Hili LT RENMRA L R A AT #EDEN
U BE 53 AR ARG L, I 46 205 ) NILAH ST (WIUR 2% 1R 3 5 4%
1), G35 5 BRI ALK A

(1) BIH AT o HIARZC AT 2 58 BRI I (1= 0) A1
P BB IR 23 A7, B

T(x,y,z,t)= To(x,y,2) (3)

(2) I F oA o R BET SO ARAEAR Fh By A DY2E, T
TEK LA TR RS U Hoh B 5 — 2800 AR RIS =281
F AT

a. B RIDFHAT RB R MANRE T 2N e
HTRR A, B

T()=f(1) (4)
R 115 7K B, PO TG 2% TR B0 Togser= Teo
b. 48 =K M IR 55 B, F A

BB Y T ORVOR T, 2 2 HE e, B

aT
AL Br T 0s= 0 (5)

Ko R B AR VLR T ;B IR B 2 T B R B (W
2o C)) o NIRRT F A R RI R B S b H AR
SR (W/ m?) .

3

3.1 B

GEYNK I FE R 5 v 785 4 B RNR YK B 2, Bk
24 /s, WM A 4.2 m x 4. 2m, BKEEN 530 m, JF
FEETE 0 48 m B5 BE A TN iR B LA A & . IR B EDK
U RR GRS 1 A VR T8 A TR R G TR ) A AR
P& S R E RN B R MK TR . FR A 4.9
m, 45 5.0 m, TIARE 0.3 m, JEIRIE 0.4 m, K HE 0.4 m,
TR FE 6. 4 m, AR PO BB 0.7 mo TLREFT A0 Hh 5
H A5 AN ) Hf 221 BR800 A S A S o B LR 1

BT NSNS BE Rk A ol
0. 000 01, [ HAR AT # B R KL a, 4 0. 65, #ufk TR
MM 2.94 W/ (me C), tk# ¢y 880 J/ (kg C), Rkt L5
PERCER E Jy 3.45 x 10 M Pa, JHAAELSH 0. 167, Y1) 28 4
HG.= 138 x 10 MPa, %) PN 2500 kg/ m® . JR#H T E
MM RSB W& 2.

(m

1
Table 1 Air temperature and solar radiant intensity in different times

I [h] 6:00 7:00 800 9:00 10:00 11:00 12:00 1300 14:00 15:00 16:00 17:00 18:00
FIR(C) 28 20.1  30.2 31.9 33.6 343 349 357 365 348 331 3.3 29.5
O/ (W ni'2) 0 134 325 560 787 91 1009 9% 789 570 48 170 61
WL (W mr2) 8 29 51 71 87 %8 101 98 87 71 50 28 8
HRIEH (W m?) 68 210 300 336 312 271 175 102 90 87 71 50 28
PUIEAR/ (W + m2) 27 51 72 86 95 106 165 261 315 326 301 169 25
JEAR/ (W 1 2) 8 29 51 71 87 %8 101 98 87 71 50 28 8
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Table 2 The heat transfer coefficient of concrete surface
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Fig. 1 FEM of aqueduct
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Fig.2 Temperature distribution of box aqueduct at 14 o’ clock
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Fig. 3 Variation of stress in the Z direction at the top plate
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Fig.4 Variation of stress in the X direction at the top plate
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Fig.5 Variation of stress in the Z direction at the web plate
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Fig. 6 Variation of stress in the Z direction stress

at the west web plate
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Fig.7 Variation of stress in the Y direction stress

at the west web plate
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Fig. 8 Variation of stressinthe Z direction stress

at the bottom plate
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Fig.9 Variation of stress in the X direction stress at the

bottom plate
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Table 3 Calculated results of thermal stress of the box aqueduct

o I K 2= 2 R BKIEN 2R KRN
o WZIGR 7 RE HE/MPa LB Il MPa
ik ZJm K3 kg% -562 T%  1.94
* X E4 F% -462 T4 2.9
T B ZJm K5 kg -5.26 — —
e b [ ZJm Ee AMU -1.49 Al 1.68
MEBULE VOl W s o272 MM 135
N ZJim K8 AMu - 1.93 Al 0.89
IR X Jgm B9 AMu - 1.87 A 1.15
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