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Evaluation of safety performance of extremely high slab-faced gravel dams
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Abstract: The structural safety performance of Dashixia concrete face gravel dam (CFGD), an extremely high CFGD in
Xinjiang, is studied based on the large-scale triaxial experiments on dam materials and the detailed finite element method-based
numerical analyses. Compacted gravel materials are found to exhibit high deformation modulus, small magnitude of creep and
small magnitude of shaking-induced residual deformation. The maximum settlement of Dashixia CFGD during operation is
evaluated to be about 0.64% of the dam height, while the earthquake-induced permanent settlement at the crest is about 0.40%
of the dam height. The maximum settlement and tension of the peripheral joints do not exceed the maximum measured ones in
the investigated existing cases. The shear displacement, on the other hand, is larger than all the measured ones in these cases.
However, the advancement in sealing structures and materials achieved in China can already satisfy the need of CFGDs as high
as 250 m. Therefore, it can be concluded that the difficulty in deformation control is relatively less compared with that of
rockfill dams with similar height. What deserves special attention, on the other hand, is the high static and dynamic stresses in
concrete slabs, both along the axial and slope directions. The reinforcements near some peripheral joints and the compressive
vertical joints are necessary.

Key words: extremely high slab-faced gravel dam; stress and deformation; structural safety

5]
VR TR B A L — B AT RO R 1 P42

it

IR L RS TR A L TR, 51 41T

SIS T B, R T RO 8K
fEs BORL EME (—40 BLEST S IR 150 m

NEZHIRE, LM AR R e i . BikARk DA
Fe & F s bR NP2 2 g aml . g rp
BRAT )32 o A ] RN S, e AR RSO F2 LA
ORI AR BB, o AR RS IR i /NP, ek,
Hh [ 7E s AR R A U E K 25 R vt 32 BHAL
HeR ARG R L TR I AR LS 595 il TR

AT, e [0 R S i T AR o A 0 L 23 3

EE&WMB: ERESVIATRIFESLHHE (2017YFC0404800);
FEARBEREETH (51379130, 51539006); KFATALA ML HL
FHITH (201501035)

Wi BAHA: 2017 - 06 - 30



1950 =

+ T B % ik

2017 4¢

250 m EE L, QT R R TR b R sk K FIAR AL
T2 TR AT R R AR Ak A e A R4 3T T AR D k4 0L,
B KN 247 mP; AL BT AT 20 UK FR
i, AR AT R TR BR AL, e Kk
F 256 m®l, R 150 m AR RS BRI B 0 S ik
SR, WERARESE AR, 5
FI BB A2 RHE S AR HE A A LG, TR BR A
WA T B B A, HARE i i, AR el
A e P M A N2 (B R SR DR A LR B AN 8 L
B, TEBRE b R, KLANURL &) kAR B
SHHEPBBEBIARGUKTR I REE R MK
JE ETEE 250 m 5, PR ER N, (E kA
R, ARFRKIMPEHOK /G IER TAE, N
TG Je KM 2z 4200 b, bR 9 R A sy T W R
AL T B 2T X, 100 a HIFAER 2% 7E 5
WA T3 B2 43 3913 3] 3.87 m/s” T 2.66 my/s?, M4 7
Bt RGEHERTRAE R N IR A1, A DL R Fase )
BRI . RS E O @ RKAAEE G 233 m)
R R L T O A I s 5e ), (H % T
b2 5B UL R R R S R B TR 28 5 B E 4y
MR ZESR, WRIGER 24, B e KPiEe s
LM IRNBEF 250 m ZHF = AR R A I TAE RS
IR,

1 LFEHUR

KA KRR AL T AR A7 T B8 e 7 i da g B 5
- 22 F B 5 F39A] — 2 S ——E B vl
ST I BE R 5 5] S UL B ] B K R R AR )
R 11 P 35 S AT 70 358 PIRT B b 4 SR0K RS 11 Sk
e o KRR A2k (1) BITRR, £ 1 %
H, WK ARSI AR BR AL, MR 247 m, IE
W& KA 1700.00 m, FEZKAL 1590.00 m, HmGZEHLZE
& 750 MW (=HHL), BAZHKAL FKEREZ 12.74
oo, X HERARFIRE 7 5, £ 21 8

FHETEIAR

.

WUAR RN X TR B 1 for, EES XA
EX (IB). Bl X (1A, BiBX (F). #EKX
QA RIEEIX (BE). HKIX (3D). ERPERAIX
(3B). P X (3C). Fifeay g (P, FE
S X R RE AL E 2 fior, Hdh: TR
BRI 500 mm, /NT 5 mm Bk S & 13%~37%,
/NT0.075 mm FRLEBEA KT 10%, ELEHRE;
JERER PR . R A AR 2 B T
M FARAE 80 mm, /NT 5 mm MR & 35%~
50%, /NT0.075 mm FORL & AN KT 2%~7%, HEE
PBC; RIERMEE T RS HEA R L R A RS 3
WERARLZ 8], R RIRWP IR A R 0 7 5 Bk 4%
KT 60 mm. /NF 2 mm J5 okl RUEHEACRHR R
AL EREEE, N F 5 mm PR S B AR KT 20%,
/NF0.075 mm FORL & EAKT 5%, ELRIC; mfE
1495 m LA FHEA XIZHE KR DRI, AR Z0R IR
filfly B KPR, PR HARIA I R A, A,
PURAb SR PR BT BRI 2 7 RHE S

TR ZEM B2 T F A 7=0.5+0.0035H,
TR/ NEE 0.4 m, JEHERKIEE 1.14 mo [HIHRCR
R Z XA BT A, XA BT AR b B, AN AR
PZRREA/NT 10 om, HERIECH 4% 0.3%3%5 ). A
G 4% 0.35% 45 TETAR IR E4E (R RHAL)
P 1.0 m Y6 FIRCHIH MGR g, 456 42 mE AR
(R JIR I AR BB R D W mT e = A= B+
JEARTE, Pl AR 2 B 4% R AR BT RN s FEZ98R 2/3
DL JE I 42 B 10~20 m ¥ [l AR T 1 7 PR e 755 »
DR F2 I 3% T AR B AN 52 o T AR A0L R FH AN 56 5
Gy4%, PAERTHTAR B8 B TR PE TR EA%MMIEE 15 m, FkMEREE
GEMIFE 7.5 m, WIRBCREIEVESE. PRI B
e H A4S 70 BE 5% 1 m A DA 2R 30 B 5 A i 44
o

Vv 1707.00

3CHEAX
1655.00

E 1 FEAABRE R ARA IR X

Fig. 1 Material zones of Dashixia concrete face gravel dam in Xinjiang
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Fig. 2 Grain-size distributions of main dam materials
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Table 1 Parameters of Nanshui double-yield surface model for dam materials
R ap R k n ” {¢ . ny R,
/(g-em”) ) ) %
R 2.31 0.67 920 0.29 493 5.9 0.49 0.45 0.65
T AL HE K A 2.26 0.67 1110 0.34 48.7 5.0 0.43 0.51 0.67
R R 2.27 0.74 1294 0.32 50.1 6.3 0.30 0.67 0.72
TR 2.19 0.66 918 0.23 53.2 8.9 0.52 0.69 0.66
R 2 FHUEARNREARTERESY
Table 2 Parameters of creep model for dam materials
WOk b/% c/% d/% 1y e ng
FERRRA R 0.109 0.028 0.252 0.347 0.554 0.788
TR 0.138 0.030 0.363 0.358 0.629 0.783
3 HHUEAREIRE S
Table 3 Parameters of dynamic constitutive model for dam materials

HURE k' kg m Am /% Cy co/% Cs
R 22.8 2010 0.358 0.22 0.33 0.62 7.90 0.86
FEERA R 26.9 2459 0.343 0.19 0.36 0.69 5.56 0.84
TR 24.3 2126 0.311 0.22 0.79 0.83 7.38 0.96
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Fig. 3 Three-dimensional finite element mesh of dam
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Fig. 5 Acceleration histories and spectra at dam site
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Table 4 Deformations of dam at different stages
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Fig. 6 Relationship between settlement and dam height """
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Table 5 Stresses and deformations of concrete slabs
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Table 6 Displacements of slab joints
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Table 7 Seismic responses of dam body excited by design

earthquake
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Table 8 Seismic responses of concrete slabs and joints excited by

design earthquake
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