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Fig. 4 Distribution of faults and dikes of dam Fig. 5 Distribution of anti-seepage curtain of dam
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Tab. 1 Physical and mechanical parameters of the material

MR AR /GPa AR L B/ (kgrm™) Hi% J1/MPa JEEE R B BEREU(ms™)
AR, | BB 24.00 0.17 2 400 1.64 1.00 0

M ZeA 1k 26.00 0.20 2700 2.00 135 2.78x107"
M 122A 1k 11.50 0.25 2700 1.50 1.07 1.68x107"
M228 Ak 6.50 0.28 2700 0.90 1.02 5.79x10°7°
F5. F8, F42-9 0.40 0.38 1900 0.02 0.30 2.27x10°°
F13.F14 0.40 0.38 1900 0.02 0.30 4.83x107
FX 6.50 0.28 2700 0.90 1.02 2.27x10°
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Tab. 2 Calculation cases and load combinations

AT HU HKIES El TR AT 3 BRI BK/m
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2-H4 \ \ x/ \/ o] V1880
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Fig. 7 Distribution of nodes on valley surface

Fig. 6 Distribution of slope profile of dam
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Fig. 8 Influence of absorption curve on valley width deformation
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Tab.3 Monitoring and calculated transverse displacement of valley width measuring lines A7 cm
MR
AL AR
AR Rl m=0.1 m=0.2 m=0.3 m=0.4 m=0.5 m=0.6 m=0.7 m=0.8 m=0.9
PDJ1-2~TPL19 -1.62 —8.01 -6.57 =5.10 -3.63 -2.15 -0.76 0.40 1.03 1.06
TP11~TPL5 -0.96 -7.36 =5.79 —4.32 -2.85 —1.42 -0.12 0.88 1.33 1.28
PD21-3~PD42-2 -0.76 —5.45 —4.23 -3.17 -2.13 -1.12 -0.20 0.49 0.74 0.57

76 m=0.5 (EERN |, /09 T 0 2-H1, T4 2-H2, T8 2-H3, T 2-H4 (3513, IF5E AR ims it
AR IEASTE I, & 9 MR G AR PR KA, B4 A AT . fIE 9 I, ZEdEfng
TERTR, PR M 5481, H B IR AR AR R K, I3EAL 2R I AR AT RIS 2 1) .
FEAS HITH, #5458 IR AS TP i 4 (0 A8 AR S0 AR — 3, BB s R BO R]; 78 [l — 078, A3 IR AR A8 RS T K ALY
FHET TG s LERAEL AL, AN RIS 0] () A i AR T 25 (B, 1) T 2 A A 25 (E I T/ N . e KA IR AR I & A
76 1- 1T IRV 1700 m 57, B AR E(E N 6.79 cm. BEAN, 11 - 11 56 25 20 5 20U TR E -+ Hh i, £
JAE X A AR T A B — 7 AR, ELARASE R o 5 i R A
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Fig. 9 Influence of seepage water level on valley width deformation
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Fig. 10 Comparison of displacement of dam in x direction
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Fig. 11 Comparison of displacement of dam in y direction
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Fig. 12 Comparison of displacements of dam foundation

4.2 XA SRR

B3 451 T o0 1, T8 2-H4 F1 T4 3 AR s R FEHhi 0 J1 534 o BB 13 AT, B R IR AR T IS,
HEIUR R R0 T3 58R H BUAE e, (00 B L B 2 A R UR , HE (AW IE R 0L 2.15 MPa I
/NEZ AR ARSI 1.50 MPa FI55 [EIRANB M 1.54 MPa. Al WARANS i 7= A i i K 2 Hi 0 )
MR TR A A .
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Fig. 13 Comparison of major principal stress of dam
Pl 14 X5 L0 T A RS TR IR AR TR, SIUA B K F Ry 1 40t il . |81 14 11, 2% s s o i
IR IR AL IS, IR B R 32 T I ) A o7 8 RS [ R 7 2 2 30U B9 e i, {EL MU IE 3 T8 Y 18.10 MPa
B/ NEN G JEARE R TR 17.64 MPa FIZ% (AL AIZ S 17.02 MPa; I 17 U 5 1z 7 X4 1] 44
TR RS R, HAT IR BOR, J2 e N 798/ N RS B RCR AR . 3R 4 2% T UL 3IUA Y 13t 504G
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Fig. 14 Comparison of minor principal stress of dam
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Tab. 4 Calculation results of stress of dam

M R ERIN J1/MPa TR RN o K F R J1/MPa TR JER S0
1 2.15 A LR, V1615 m 18.10 ZeBtu Pl . V1680 m
2-H4 1.50 Aoty BT, V1830 m 17.64 ZEBbE R, V1740 m
3 1.54 et A, V1820 m 17.02 Zeftu Pl . V1740 m
J: N
5 % iE

B RR v HE TR 2K B A A3 8 e i A TR B0, LSR5 — SR I0U 51, 368 3o X R A 7 400 1 22
BE, NB IR EER ST T & A IR ASTE MU, 704 18 )™ LE A A IR AL G UL RS RIS ) B 520
LA 458

(1) A i AT A W ph 2K MR RURK, W 2 GBS B m KR, AR IR AT RN e 25 m=0.5 I, AR A
B FE A IR ALY A S PR i

AR FE WSS, PR A4y o A8, H B PR i R . B K AL TT
15, A IRASTEAE AN B K, HAAB R T A IRADE R TARMEAZ R .

(3)FEARILANE Ui aod i MRS AL g ) 3 A U REA DRSS — 20, (R WK AL 4 T e, LA I
{IEENEE 2 NS VA AR ST NSNS S VA AR SLiE D)1 8

(4)B 5 | L B A W WA X IOV H B TR, S BOIUAR IR RIT 1] LR Dol s o A5 AR TR R, A
Ii] b P AR A e (R

(5)B 775 | L R A R AL S B0 W U TRD v 3 ) IX 1) TOUBE ) 20 A b s B, T P 300 T v e 17 g X 11
PUL R REAS , (X R RN MAA R, A2 B 2 4
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Analysis of the influence of valley width deformation on high arch dam

considering unsaturated seepage

XIN Changhong, ZHAO Yin

(College of Mechanics and Materials, Hohai University, Nanjing 210098, China)

Abstract: The effect of valley width deformation during the initial impoundment stage on the subsequent working
behavior and the long-term safety of an arch dam has become an increasingly important chanllenge faced by dam
engineering and academia. This study aims to analyze the sensitivity of valley width deformation to the absorption
curve of fractured rock mass to address the challenge of valley width reduction during impoundment of the Jinping I

arch dam in China. The methods of unsaturated seepage analysis theory and nonlinear finite element numerical analysis
were applied to study the law of valley width deformation during unsaturated seepage process. The influence of valley
width deformation on the displacement and stress of the dam was analyzed. The results showed that the slope on both
sides of the valley deformed towards the center under the action of the unsaturated seepage field. The deformation of
valley width upstream exceeded that downstream. The valley width deformation increased with an increasing elevation
of the water level, and maximum valley width reduction occurred in the saturated seepage field. The distribution of
displacement and stress of the dam changed little during the unsaturated seepage process. However, the maximum
longitudinal displacement and the minor principal stress of the dam decreased gradually with increaseing elevation of
the water level. There was a gradul increase in the major principal stress. The valley width reduction had a squeezing
effect on the dam body, resulting in a decrease in the maximum longitudinal displacement, the transfer of the major
principal tensile stress from the dam heel to the upstream side of the dam abutment, and the extension of the high-
pressure stress zone on the downstream surface to the middle of the crown cantilever. The influence of the saturated
seepage field on the displacement and stress of the dam was more obvious than that of the unsaturated seepage field.
However, the valley width deformation resulting from the seepage field had a limited effect on the displacement and
stress of the dam, which would not affect the overall stability of the dam.

Key words: unsaturated seepage; absorption curve; valley width deformation; high arch dam



