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Prediction of deformation of valley width of Baihetan arch dam and
deformation mechanisms of several methods
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(1. State Key Laboratory of Hydroscience and Hydraulic Engineering, Tsinghua University, Beijing 100084, China; 2. PowerChina
Huadong Engineering Corporation, Hangzhou 310014, China)

Abstract: The super high arch dams built in China, such as Xiluodu and Jinping, show abnormal phenomenon of reduction of
valley width during the initial impounding stage. The arch dam is a high-order statically indeterminate structure, which is very
sensitive to deformation of dam foundation, especially non-uniform deformation. Based on the deformation mechanism of
valley width and the method for calculating the boundary displacement, the possible deformation of valley width of Baihetan
arch dam in the process of initial impounding is calculated and predicted, and its effects on the displacement and stress of the
dam are analyzed by using the elastoplastic finite element method. The results show that the two methods are greatly different.
From the perspective of change of effective stress and weakening of rock mass materials, the maximum reduction of valley
width is no more than 40 mm, and it will not greatly reduce the overall stability of the arch dam, but only causes new stress
concentration area on the dam body. However, the arch dam has strong overload capability to the boundary displacement, and
the impact of the reduction of the valley width on the stress of the dam is very small. The non-uniform deformation of the
foundation is the key factor which affects the dam stress.
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Table 1 Material parameters of Baihetan arch dam

ME%  EGPa v yAKNmY)  f ¢/MPa
K560 18.00 022 28 135 1.55
I KE0 11.00 024 27 1.15  1.10
m2 K54 9.00 0.26 26 1.00  1.05
VI 256 400  0.30 25 0.75  0.55
KX 020 035 20 0.55 025
3 X 020 035 20 045 0.15
=KX 020 035 20 0.38  0.05
C3-1 —[X 0.10 035 20 0.39  0.10
C3-1 =X 0.10 035 20 0.37  0.05
c4 0.05 035 20 0.25 0.04
C5 0.10 035 20 0.38  0.05
LS331 —[X 200 035 20 0.70  0.30
LS331 =X 200 035 20 0.50  0.10
LS331 =X 020 035 20 045 0.10
LS3318 —IX 025 035 20 0.50 0.15
LS3318 —IX 025 035 20 0.39 0.10
LS3319 —IX 020 035 20 0.50  0.15
LS3319 —IX 020 035 20 0.38  0.05
F17 554t LB 0.04 035 20 0.28 0.04
F17 386 B 020 035 20 0.38  0.05
F17 stk 020 035 20 0.56  0.20
FI8 55tk LBt 020 035 20 0.38  0.05
FIS 38L TEB 020 035 20 045 0.15
FI8 Atk 020 035 20 0.55 0.20
11 K% 1400 022 28 135 1.55
1 25k 9.00 0.24 27 1.15  1.10
2 K% 7.00 026 26 1.00  1.05
V1 KA 250 030 25 0.75 0.55
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Fig. 4 Locations of measuring lines for valley width
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Table 2 Deformations of valley width caused by two factors (mm)

N fj;f B g i
1 -11.72 -10.36 -26.74 -54.92
2 -10.61 -8.20 -19.71 -37.92
3 -7.13 -5.99 -14.64 -29.10
4 -6.63 -5.68 -13.24 -24.31
5 -1.94 -1.46 -3.63 =7.06
6 -2.97 -3.52 -9.29 -18.69

M3 2 FTULE i A RN SR AR g A A 2
FESAI A IRAE A s MRS RS FEER iR AT R
MRS o MRS R B REFEAR 10%, tH AR AR
MEgi T8 — 1522, P AETH S AR g9t P
ZUHERE. S TR EERBASR, K
VI E AGS FE ARSI T A A ORI RE S, 2 ok
LA K Z e 825 m, #RLS1E 20% CRIER AR T
BLD SR HTA RO ) SRR R 55467 A2 B A IR AR T
xRN o
3.4 AMRTERHITAKIMATZHIFME

AT EL B, IEH TSR R EH
RN s AR R RIS AT A IR T i 5

CAR eI e ], B R WA R B2 R 1 & 79
ARG A 6 R, Geik AT [y A% AR 1A 47
MARMARE . IR 00 A 208 A R AR A R 55
WL o A Gy S B 7~9 B

B 7~9 A, IR O, BUEIRER [A %
TP C Z S BRI AT, RTR] [E) A2 I rh s 25
BRI BRI AT, IR PR IR AR T o (25 8 RN
TIARE AR IS5, VAR FROITERT [ B2 4% 54 e
BEIN, WP IR A R FR I AT, ESE S A R
EA PR, XA RS MR LR B R A AN R 5%



8 1

BEORT, S5 FRMESUIAR IR AR PN KA [F) T 57 AT 7E

BT 1) (S A% U B SR A BRSO FR A, (H 5 IE
W TOUANFR RS, AR WA, HoA AR 55

1 20%7 A A INEEAR T I K T 20080 AR R
(EIUA I A 2 ) B2 .

79

B o BEM THHNET RS HE

Fig. 6 Distribution of nodes on downstream dam surface

Fig. 7 Distr

MR~ W
' —=— 1 ]

-~ #EV
1 1 1 . 1 1 ]
10 20 40 E 50 60 70 80
' P

E7 EETRRNENMH S HE

ibution of displacement of foundation under normal

working condition

20

15

10

5

P /mm

0

-5

-10

: —o— JGUA i
L : —=— B[]

WTWQ%W
I on, E
j ..' :
| |4'|. ?ﬂ ﬁjﬁ‘i | |
10 20 30 . 0 60 % 0
I § i
: L™

& 8 AR SR RHNEAL S 5375 [E

Fig. 8 Distribution of displacement of foundation under effective

stress

30
25
20
15
10

A/ mm

Fig. 9 Distribution of displacement of foundation under weakening

change

—o— JEA i
—=— A

T Ay

B9 BRI SS I RTINELIFS 5375 [E

rock mass materials

3.5 BIRTERIT AU SIHIFMR

N TS LA RN 7 B R 55 A0 X 30U R g
s, & 10~13 73l 4 7 IR T (a)y IEH T
DL RN S (o) IEH LHHA RN ) B8+ 44
5L 10% (o) 1EH T+ RN I8 +41 6551
20% (d) I b T i 2 2 4 LA e X P bR i
U £ R FJ KT 1.5 MPa (R4 A Bl o 0L JE

XARFRASAL AN 3 FioRs o

(e)

E 10 LifmmgeEMERX S5 E
Fig. 10 Distribution of point safety degree and yield zone on

upstream dam surface

(d)

(e)
E 1 THNERREEMERX S5 E

Fig. 11 Distribution of point safety degree and yield zone on

downstream dam surface

(a)

(b)

(e)

E 12 EFNEERNDAT 1.5 MPa BIXIE 5376 &
Fig. 12 Distribution of principal tensile stress larger than 1.5 MPa

on upstream dam surface

(d)



1460 H O+ T OB % M

2019 4F

(a) (b)

(c) (d)

13 TNifstmEER R FIKTF 1.5 MPa BIX IS 537 &
Fig. 13 Distribution of principal tensile stress larger than 1.5 MPa
on downstream dam surface
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Table 3 Yielding volumes of dam body (m®)
THE T a b c d
Jet i X AR 0 4187 7496 18133

HE 10~13 13 3 vkl O THn, EF
T EIL T 50 A B I X5 25 e A AR e I E R )
by e B R 670 m, YR A i v A
545~610 m o [ Py H /NG R E Al 7555 8 A AR AL k)
Sk, bR B AR A S S R RN
U AR, EE AR X VE EA BT K. BRI
PR AFAE FIRE IR . @A B8 7 238 FA AL AL
S5 %) 32 B AR AIUA = A B SR X, BB
FIEE AL B 5 AR R IR E F I N S S A BN
Ao GRS AR X A AR X (P2 ma il K, (dD
TS A JE AR X AR AR (b)) 1 4 f52 % . (HlT
AR AR IR R, RIkBR T
B e A G i AL S VAL AR S R LN
B FR B 1

4 BFREIBENN

FSRBE— 2, RAEL RGO EAs R, H
AR O MRERE (D Bmafe HTID
LeMEAeA, WK 1 PR, DUA RN B T S TS A
A (10 mm) Jy HFMEBATEN, KEa .
4.1 BIREMEANE

xR ERE, MERBAME a 920 mm i,
FESME L A R A 2] 11 mme LI 6 257 Ml
LR TCARING 4 PFros. B 14 Jyid SR a1 4%
28 3%, 4f%. 6. 8REITINE 1 A IRAAL

HIZE 4 FIE 14 WL S50 RN T2 AR gy
WA AR IR AT AN, 3K 6 2643 IR A AR B
NAEgEAE, HEE SRR . B S

MRARTE A A ZE AN, B DU S0 Ze 25 W Wi 4 - 241
N 9.7 mm, T2 Z ML IME Y 7.2 mm.
BEE LR, IR E S BB K,
AU 5 SO AL S A AR R B AR G

R4 DRUBEENAIBERE
Table 4 Values of deformation of valley width caused by boundary
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Fig. 14 Curve of valley width reduction during overload
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Table 5 Yielding volumes of dam body (m’)
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Fig. 19 Comparison of displacements along river
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