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Integrated simulation and safety assessment for RCC gravity dam on rock
foundation during whole process of construction

SU Pei-fang, WANG Wei-ming, HE Ji, CHEN Sheng-hong
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: By using finite element method, integrated simulation of whole process including temperature, seepage, stress and strain is
carried out for Guangzhao RCC gravity dam. The results reveal the distribution laws of temperature field, seepage field and stress
field. Based on the integrated simulation of whole process, the global safety degree of the dam-foundation system, which is important
for the safety evaluation as well as the corresponding control measures of the temperature and seepage fields during the dam
construction, is evaluated. The results are also compared by the conventional method and the integrated simulation of whole process
for the Guangzhao RCC gravity dam, from which it is found that the largest displacement difference is 70 mm; the largest stress
difference is 1.5 MPa; and there is no substantial difference in global safety degree. Since the deformation, stress and global safety
degree are important indices in designing RCC gravity dam, the necessity of integrated simulation of whole process for RCC gravity
dam is emphasized.
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Fig.1 Profile of overflow dam section (unit: m)
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Tab.3 Mechanical parameters of materials

AT PUEsRE
Py TE RN RE LSO
gm TR m®) MPa B ' /MPa
/MPa /MPa
WACI 311 0167 245 20 1.0 312 2.55
RI1C25 376 0167 246 20 1.0 30.5 232
RIIC20 355 0.167 244 20 1.0 23.6 2.12
= RIICIS 341 0156 244 20 1.0 202 1.96
g2 RIVC25 370 0.167 246 20 1.0 29.6 2.36
== z RVC20 359 0.167 245 20 1.0 239 2.18
B2 RO A PR T P AR A T.f2 300 033 275 08 05 2.50 0.50
Fig.2 FEM mesh figure of the overflow dam section . 775 028 275 08 08 3.80 0.70
Tiyn'™' 105 026 275 105 1.1 5.00 1.30
R 1 BEIMEHRESH Tyn'? 1075 026 275 10 12 5.50 1.10
Table 1 Thermal parameters of concrete materials Tyn'® 1175 025 275 0 12 6.50 1.20
v:wdé”tt tma ﬁfiz %d#h/@fx S THC Ty 7.0 03 2.75 06 0.7 2.50 0.60
G [(KIkg"C) /kN/m’) /(K)/m-h-"C) Ty 85 028 275 08 1.0 4.50 0.80
A Cl 0970 2450 838 2247/t +2.80) Fl. F2 175 035 275 06 06 )
RIC25 =4/ 0.956 24.45 8.29 202 T /(T +3.02) e PURIREE R, BUARPURIREE, FAMEVTEIR AR .
RIIC20 =B/ 0935 2438 814 170 T/t +3.25)
RINCIS 4L 0917  24.64 811 165/t +3.50)
RIVC25S “%fE 0973 24.52 842 2207/t +2.89) 3.3 MTEEME KR
RVC20 i 0964 2450 825 1967/t +291) FERERRE TR e T HUER A EPE, 03 m —
Ve T MBS, R d. BHE, L ETF 8~10 2 /AR 6~10 d, 2005
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Table 2 Seepage parameters of materials VST L, THAIE S 2008 4 6 HEERE L, [
ey EERMEMS L BRI I 38 4~ A
E] N = N o N N AN
JAIER R A Pl KIEE KL FE A 2007 4 9 HEEKAL A

WACL 1.77X10°  1.77X10°  Tiyn® 3.54X10° 1.08X10° 590 m, 10 A& /K2)X 668.34m, 11 & 678.35m,

. X -9 . X -8 1-3 . X -5 . X -5 Caa
RIC25 281 109 2.81X10 lenlz 520X 10° 2.05X10 12 A% 683.7 m, 2008 4F 1 AE/KE 687.18 m, 2
RIIC20 4.73X10° 4.73%10% Tyyn'? 520x10° 1.72X10°

RINCIS 4.52X10° 4.52X10° Tyn'' 4.63X10° 234X10° H % 689.96m, 4 &S 692 m,
RIVC25  124X10° 124X10°  T,f** 8.18x10° 8.18x10° 34 IEFE

RVC20 1.87Xx10° 1.87X10% FI. F2 6.50X10° 6.50X10° ZEVREE M. T RS & AN EL,
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Table 4 Highest temperature and interior-exterior
temperature difference of dam-body at various times
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AE-H-H /d Ic Ic Ic

2006-04-20 102 -4.00 567 342 30 4.160
2006-08-27 231 -2.60 584 357 296 6.100
2006-12-25 351 490 585 354 18 1737
2007-04-20 467 104 585 351 285 6.600
2007-06-25 533 480 678 382 315 6.740
2007-08-30 599 460 686  36.1 305 5610
20080131 753 151 680 357 18 17.70
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Fig.3 Distribution of uplift pressure of dam foundation
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Fig.4 Distribution of equal head lines
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Fig.5 Displacement vectorgraph in case (1)

Be FE_THMIBRER

Fig.6 Displacement vectorgraph in case (2)
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Table 5 Comparison of the displacements of the key
points in two cases (unit: mm)

AR/ REAE 2T A7 W i Wk
) L 16.8 -47.8 -43.67
fi
NI 1) 51.3 38.0 33.7
- o4 61. -52. -45.
R HH I 61.8 52.0 5.0
NI 16) 336 36.9 32.9
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Fig.7 Contours of the third principal stress in case (1)
(unit: MPa)
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Fig.8 Contours of the third principal stress in case (2)
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Table 6 Comparison of the stresses of the key points in two
cases (unit: MPa)

THL rE RN BYE IR S 1 RN 583 Ry
. Wiy 0.76 0.36 1.22 -0.62
i 3L
ik -4.52 -3.62 0.23 -8.04
o M 1.08 -1.04 1.16 -1.19
i L -5.92 -4.98 -0.15 9.28
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Table 7 Shallow sliding safety factors of dam
foundation in two cases
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EP EP EP EP EP EP EP EP
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AOTE FisiWr e 2% 462 255 212 1.88 1.82 1.79 1.70 1.56
T GBI ARE 185 1.04  0.88  0.81 0.79 0.77 0.74 0.69
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Fig.9 Variable curves of displacement of dam crest along
overloading coefficient in case (1)
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Fig.10 Variable curves of displacement of dam crest along
overloading coefficient in case (2)
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