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Research of the spillway lining cracks of Shuangquan Reservoir under different working conditions
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Abstract: With the wide application of concrete in engineering, the crack problem has received more attention. Cracks are usually

caused by construction or other external factors, which not only affect the aesthetics of structure, but also affect the structure

function because cracks can decrease the permeability and then induce leaking. In this paper, the spillway concrete lining of Shuarr

gquan Reservoir in Anyang County was used as a case study. The finite element model was developed using ANSYS to analyze the varia

tion rules of temperature and stress fields under different working conditions, and to investigate the causes of cracks in the concrete lir

ing and initial position of cracks. The measures for temperature and stress control of concrete w ere proposed.
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Fig. 1 The finite element model of spillw ay
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Tab. 1 Survey statistics of concrete cracks

5 i YESLE *(ﬁc}“ .
1 e 5 0+ 080 2009. 4. 18 15 1 7.6
2 AiRREKIT3.37m 2009. 4. 23 15 1 3.97
3 AFEPKE 2.4m 2009. 5. 24 15 1 2
4 i 0+ 185 2009. 4. 30 18 1 0.4
5 A1 0+ 600 2009. 5. 18 22.5 3 3.65
6 e 0+ 580 2009.5.19  22.5 3 7.6
7 K 0+ 560 2009. 5. 20 21 2 3
8 e 0+ 520 2009. 5. 21 23 1 6.5

IR A, 5448 B 4E b A A0, b AR Ol 3 D TN
HRT, o 244 0 B ) 244, AN R BOE L 1~ 2 44
TP K284, B AR T 0.4~ 8.2 m A%, FTHE
S5 AR 0. 25 mm LR,

1.3 R PR ES

AR FH SR /K J2E s T D S5 B ST, R 7 VR - LR T
St AR A ST BRI YRR e )04 = o S R
SR EVANTTEEN: vy = I NTTR N STver A Bl = K s/ C SIS
FETRLIE 3 55 BT W5 SR T = 4 SE A58 7G Solid 70, 7E R 7135 9%
Hif A6k Solidd5 WG, SR ANSYS k45 751k 41 4
A B TT A

FUSR K 2 i T RSE O, T TR B 98 30 m, I E
L L WOKERTT ARG 10 m BB M 4E 4%, W A AT )
TEEE R S m, JEEHR 30 em, HARTBATHHH .

ISWARSE: T 21021 R s M IRV I O

THUN AR T3 B4 5 9 10 T 15 'C.20 C, Wkt
TRSFGREE R 20 C, BARZE N 10 C, BB LSRN €25,
FEAl A B

THL0 : REE - B IE 4 Bk 15 'C.20 C.25 C, 4h
SR 15 C B ZE N 10 C, RE S5 R €25,
SRl A B

THO - BRIEZEA 5 J9 10 T 15 'C.20 C, 45t
TPIEH R 15 CIR B BRI O 20 C IR B SN
C25, FLalh b

THL0 « TRHE L 2545 5 b €20.C25.C30, 4RI FHS
WA 15 °CIRHEE L VSR E A 20 C, BRI ZEHR 10 C.

TR0 - M4 PRI A B A A BB L L, AR
SRR 15 °C IR B TIRBTIR N 20 C, B 4 10
C,REE T 5FHh C25.
1.5 XS aRE

(1) Ao T SERR TR b B S5 DK ELE SR, s
F BT 2 S AR PR, W3R 2, 8 it 17 4 i A
fhih gk, 75 AMB e T A e T b T (R AR 2k

(2) TR 25 . AN IR R RGeS0 RE SRR 3,

2 (1971 - 2000 )
Tab.2 Average climate data in Anyang City(1971- 2000)

Ry 1 H 2H 3H 4H 51 6 H 7H 8 H 9H 10 11H 128 AR
PR R C) 4.4 7.9 13.8 21.7  27.1 31.8 31.7 30. 4 26.8  21.2 13.0 6.6 19.7
THMEE(C) -51 -24 3.0 10.0  15.1 201 22,7 2.6 16.3 9.9 2.5 -3.0 9.2

FI%0/h 142,00 1489 180.2 219.4 251.6 232.5 190.2 200.1 187.1 180.2 152.8 140.3 2225.3
U A% 2010 4E 6 H 2 H
3
Tab.3 The parameters of different grades of concrete
LY PWMEMY (KT mrle &1 CY) HHY (kT kgle T BRPEREE/ 1010Pa BILOHUIESREE/ 100Pa Bl TR 8EE/ 106 Pa
€20 254. 4 0.9 2.55 10.0 1.1
€25 246. 46 0.91 2.8 12.5 1.3
€30 222 1.021 3.0 15.0 1.5
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Fig.2 Stress strain curve
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Tab. 4 Different basic parameters
B R T HH L Wt
SIMARHY (K mLe dle Tl 246.46 86.4 172. 8
Lb#h/ (KJ* kgt C1) 0.91 2.3 1
W (kg m3) 2 400 1500 2 050
FpMER R/ 10°P, 3.0 2.0 2.5
TR L 0.35 0.25 0.3

Pk 2% (1 T 1.0x 105 0.6x105 0.7x 105

(5) AL R R B (AR R TR R £ o 6 TR BE A
Hefilioke Ui, B4 08 TR RE 2R T, AR R R TR B A B=
21. 06+ 17. 580™°", % i 21 24 Hh KT8, O 3t e R 50k
1 641.6kJ/(m*+ d= C),

2

S IR A WV HEAT I ) 4 AT, BT $ A A B 5T A
JE A RIF S IR 3 0 AR A A, WA R O R T I 6
AL By S Y S 421.4086.4085.4084.4083. 1262,
1 R REAE RUHEAT 53 AT 50

HPFIREA N F A 6 IFITAR, B =K 6 . 75 AN
SYS Wi fapb kI 28.5 d, F K A 0.1 d, 5 285 .
RN S5 6 8.4 h10. 8 hi13.2 h15.6 h.
18h.20.4 h.22.8 h.1.2h 2 3.6 h.
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A3 RE 2 RiGEARILE 3 A 4, nEDWA H, %7505
i 5 2 W ER Y B BT S T R A AR, kA R R I
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Fig. 3 Temperature change in the first three days
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Fig.4 Temperature change in the last two days
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Fig. 5 Temperature change rules of each node at 6 h

6 22.8
Fig. 6 Temperature change rules of each node at 22. 8 h
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Fig. 7 Overall stress change rules of each node
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Fig. 8 Schematic diagram of path
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Tab.5 Stressdistribution of each path Pa
S1 S1 S1
S S S

S1 SD1 T1 TDI1
0.00 79674.0 - 240 540.0 0.00 5175.0 0.00 -121610.0
1.00 39393.0 179 300.0 0. 64 7965.7 0.70 313 130.0
2.00 4269.7 16711.0 1.28 2851.6 1.40 65 393.0
3.00 1527.7 8§80.7 1.92 1823.6 2.10 17 262.0
4.0 -128.7 7751.4 2.5 1331.2 2.80 10 200.0
5.00 1351.6 7826 3.2 1351.6 3.50 7 842.6
6.00 - 128.7 77514 3.84 1366.0 4.20 8 146.2
7.00 1527.7 8 820.7 4.48 600. 2 4.90 -30807.0
8.00 4269.7 16 711.0 5. 12 - 52785 5.60 -259560.0
9.00 39393.0 179 300.0 5.76 42243.0 6.30 - 903 650.0

10.00 79675.0 - 240530.0 6.40 - 1157900.0 7.00 -2 027 600.0

AT DL H, AR TR Bk et W% Th N I Sk B, X
TR e T AR RSk, P9 AR A1, AN 7 A A
KIGBLIE Sy o A0 TR 1 At W12 THI N 365 348 0 )7 1) 9320 s
Ry, JEHR LBt S F R g, LR )47 0.3 M Pa, HeJW.J5 A
0.24 M Pa; 2 F ¥ YL 7 6 T8 b 3057728 b B 7,
PR BE Al 1Y) -5 65 V3% 0 T Ak 3 ) R K s Y g,
K/NH 4 M Pa, ¥RIBI C25 WPRGRIE, b4,

3.2 HuEEEAHT

TE I IR AN R 0T (K45 4% 5 12 AR 4 A B AR ) BT T,
T e By B KO B AR BRI 3 RIS B T 4 B, 24 T
O EANRI BB I 2528 AT, MR 40 N T3 530 2 ) 2
1R, DL 9 R 100 W BLEH, BOK B B2 4538 BUR K
(IR ) K B A IRZEAE 10 °C 15 CIN, RS L 1 7 ) 91 46k
F A R 1T 2 AR N ) 43k 0 23 MPasl MPa, B Jj¥4E

wiTERM - 8l
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9 SI( )

Fig. 9 Stress distribution of S1(surface)

10 TI( )

Fig. 10 Stress distribution of T1( surface)
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3.1 MPa, 20 CHJ, IR 7 2L 1 B2 )y 3 KR 2 3 M Pa,
OB C25 VR At TR AR BB o i 6™ AR (W 3 R 15
CHIAHLT, 4 3 MPa. =B RCORZE BL N F b ) ¥k it
TRHEE LY RS . 2F LT IR, M Rl ZE 0k F) 20 C
I, VR - e DI 1T o 4% A, 2RSE TT A WR . B T
TR - A ROIU AR VAL TE T ) BE AN 2549 1 m A Bt T H T vk
TEJ7 AT 3620 0 S m Ak

WA i T v N iU RN B IR 2, A TR e 3R T
K R F2 Y e, 8 TRt 1 3R B 25 PR IR A R, 13 TR gt
AT PR AT TR 59, AN T AL A5 TR 48t L P AR 22 BEAIT, £/ UETR
L PN R RE R 5 40 AT, AN T A8 ARG VR 5k Lt Kz B o

4

IS R ¥ 5015 B T IR BE L A ) I B I ) A4k
R, S P 3 HE AT 53 A BB, Rt R A R S 5
BOR RSN R, QS PR & BB, 22, TR HE 552
R, WL DR UL B2 K SRS RS 24715 s BE 5 ) L/
TR AT R, A Sl R L R AR, o T K KA B
VEHI B LRI ORI AR T, TR BE 1 P 0 UL, VR A )
VAL S P2 A A R 2 D A A PR 1 3R T A AR IR AR A o AR
LG5 AT A il L B A

AR LR 3 AR AR AT T 0 #r, A3 AR
R (KRN g 3 e mi g K, HE YT RGBT mTRE ™ AR

c 812 HWEIXR

RL ., AL TR A W B E T AL I m R
T P 7 A R ELY 0 5 m Ab, X5 IS Bl B4R R
AR EANY A .

FERTA B 3P e v, BRI A AR e kA 4, i
TRt - DR HUIR S5 K SLAil 28 RSN, W A v A IR 1R
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