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Influence of contact effect between dam body and dam foundation on behaviours
of high concrete faced rockfill dam built in steep valleys

WEI Kuang-min "%, CHEN Sheng-shui"? LI Guo-ying"?, WU Jun-jie"’
(1. Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing, Jiangsu 210024, China; 2. Key Laboratory of Failure Mechanism and
Safety Control Techniques of Earth-Rock Dam of the Ministry of Water Resources, Nanjing Hydraulic Research Institute, Nanjing, Jiangsu 210029, China;
3. Xinjiang Water Conservancy and Hydropower Survey Design Institute, Urumgqi, Xinjiang 830000, China)

Abstract: In this study, based on the 250 m grade concrete face gravel dam of Dashixia in Xinjiang province, large-scale direct shear
tests were conducted to determine friction parameters of the interface, and numerical model considering the contact effect was
established. The influence of contact effect on stress and deformation of the dam body, concrete slab, and water stops were studied.
Results show that the hyperbolic model can meet the non-linear relationship of the shear stress and the displacement of the interface.
If the contact effect is not taken into account, the deformation gradient and the principal stress value of the dam body become low,
and the arch effect would be overestimated. The deflection and the slope direction stress of slab are less affected by the contact effect,
while the axial displacement and the axial stress are greatly influenced. The deformation of the peripheral joint is strongly affected by
the contact effect. Under the high-water pressure, the local dam body slip may occur, which may lead to an increase of the peripheral
and vertical joint deformation. The results of this study and in-situ observations of Anchicaya dam reveal that the control of peripheral
joint deformation is the key point in constructing concrete-faced rockfill dams in steep valleys.
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Table 1 Parameters of Nanshui model of Dashixia
dam materials
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Table 2 Parameters of contact interface model
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Table 3 Extreme values of stress and deformation in Dashixia dam

R3] EKH
7 f— / - f‘ /
K — ﬁ*“@im —— KR AR i — f*“@;m —— KRN MR
Jem 11 CONNE =111 (=1 1 =1 /MPa /MPa Jem e FEM &1 &1 /MPa /MPa
W T AR AR W R Fifz K
2 LSl 794  -183  27.1 114  -11.9 332 1.38 848 90 295 11.8 -12.2 3.43 1.44
AN 779  -159 242 108 -11.0 329 1.32 833 -83  26.1 1.2 -11.4 3.41 1.40




3420 b +

b 2018 4F

MR A 2 50T AR H,  Im] v 57 AR A1 52 Bk
BN F ok B AR, X R R TS A TR
AL, b R mBEEBEN, H b RS
WUAAR T2 W AS LI AN N o 5 REFA AN, i W44
K NEN SIS R . IR ). ARFEAR
(B — R BLAE IR S R TR A, T4 5 A
FH $5e A5 2 X 3k — A T3V, B DASGE I AR A AR
e LAA TR AL A 5 B (R Ak kg o A1 T ik
SRR IR 04210.0 LA K INAHZR P FHI T N F7 . T
ONAT, VTSN WA RN ). AR .
TR TR KN ) B TE 5 SEAM M . 525
FTBR, AL HIH T & A IAIA I N g B R .

Kl 11(a)s 11(b) A& KR HITH 04210.0 PR
iG] s RS S AE LR A, AT LAE H, AE PR I K
T % B 5 TR T AN IR AN, 2% Fe 4%
fith 50 S AR NGTIRT i) 457 8% W S K TR 2% pE B fi ik
N o ORI, BEIR T 75 M T DX Sk A A S B K,
RIS S Rk a4 . 2 il OL T T REse
B H (R AR FEARURE V20— AT 2 A 20 A S 4 X
B, SCERO TP IL S H BT kg G, fiix
DN R A . AR AR AE A BR G i i
NS SR EFRAR I 5. AEBARARBR R,
RG] By, = (0S/0y) x 100% T 1Ll i 502
¥, =(0S/ox)x100% o H A, WUk A= 244% 11E S5
FEM MBI, Rl L TRAEK, FRIEE
B 1%2 KARGIE N, K& 12(a), 12(b) WA F &R

— ZIEHEAh
1700 --== N Sl
1650
g 1600
57*; 1550
1500
L 1 1 1 1 1 1 ]
140350200 -100 0 100 200 300 400
B /m
(a) Vik%
1 .
700 — B
1 650 B ---- N 1S
E 1600 4
o
oy 1550 :
1 500 s —
1 450 1 1 1 1 1 1 J
=300 200 -100 0 100 200 300 400

B /m
(b) My ) {7
B 11 BKEEAEHEABSMA CGRAL: cm)

Fig.11 Displacement contours of the maximum
cross-section during storage period(unit: cm)

1700
1 650
\E 1 600
o
:IE 1550
1500

1450 1 1 1 1 1 1 ]
=300 200 -100 0 100 200 300 400

PEE /m

(a) AN RN

1700 -
1650 |
E 1600l
O
= 1ssop
1500 |

1450 1 1 1 1 1 1 ]
=300 200 -100 0 100 200 300 400

PEE /m
(b) BB
B 12 BRBEBRABHEN Y, =1%X3K

Fig.12  Areas where deformation gradient y , greater than
1% of the maximum cross section during storage period

2 SRt 5N ISR THT 0+210 Mo Fr {08 K -4 1
1% D8R3 o TS5 SRR, 25 B AN e v g
PRI GO, JEHAABLAE B R X
WEAR AR AR AL, X BB i T AN IR RN
I LA RS ELRRE R IR T U AT, VT4
R AT LN, BT LA RS A S 3 Rk (1 4
Ml 28 A P37 AR T AL SR I L o

Bl 13 D& KU e P T % o3 Ai T LU
i, 25 RSN S WA DT R 2 L B T AN

1700
1650 |
E 1600
ﬁ% 1550 |
= ol —
---- N Bl
1450 1 1 1 1 1 ]
50 50 150 250 350 450 550
B /m
(a) Vik%
1700
1650 F “N{@T8K 0 Ar60
£ 1600 :
#1550
= 50 — ik
---- A2 B
1 450 1 1 1 1 1 ]
-50 50 150 250 350 450 550

PEE /m
(b) Hhi A
B 13 BAKPIMEHEA SR CGAAL: om)

Fig.13 Displacement contours of longitudinal
section during storage period(unit: cm)



9 BIE RAE:

I 0 T 5 v TR A SO A g DR i 5 3421

IR LRGN, JCFRAT 7 4 A B R Ay &, 3L
Bl ) R KT AN RE R AN . 1] 14 4 F 7K 100N
SR Tl A URE K T 1% XSk Ao H Pl T B A
Bl HIERMNG, WA TR i AL
o TR HERAL BRI AT BETT R, A%

JE RN, AT B 2 B R FE RS 1
Bl 15(a) 15(b) A & /K B A oK. /)
1700
1650 |

E 1600}

1550+

i
1500 |
1450 1 1 1 1 1 J

=50 50 150 250 350 450 550
B /m
(a) AN REBE AN
1700 [
1650F S

B 1600f

B o1ss0f

i
1500
1 450 1 1 1 1 1 ]

-50 50 150 250 350 450 550
B /m

(b) % e i
B 14 BKHIELHIE 7, =>1% X5

Fig.14 Areas where deformation gradient y _greater than
1% in longitudinal section during storage period

1700
1650 )
1 L =86 v
£ 1600 A&»
o ‘, 28.5m
S’IE 1550 F K R S0 X 5K
©1500F — HIE
- NH R
1450 1 1 1 1 1 J
-50 50 150 250 350 450 550
B /m
(a) KENT
1700
1650 |
E 1600}
%% 1550 F
 1so0k — % Cﬁﬁm
T N Cﬁﬁm
1450 L L L L
-50 50 150 250 350 450 550
B /m

(b) NERNT
B 15 BKPHEHEHITE EN S5 (BEAL: MPa)

Fig.15 Principal stress contours of longitudinal
section during storage period(unit: MPa)

TR oA, ATCAE S, AN ] A A A
TN S o3 A R MRS, R B A i B R A A T
I RT3 T Ak A R R T S B R R 39°
R TR A 2%, ARSI M 20
46° o MNEN AR, H T by 5 5
WA K NN BRI, JCIHR NN )
BT R . FE AT, AN e RN (T
g T o m il R LN B 15 R AR T
FEAb N M X3, KRN A AR R R X5
FEZI3 50 19.5. 28.5 m, /NEN . A5
Wi S5 2253590k 28.34 30.5 m, I3 O S VA
JERK

4 IPURE L5 IR B figh 280 o2 o T8 AR
AW o M

R4 HIH T 2 FERUANTE SR8 i A e K
VTR . ) RAR TEARFAEAR ] 16 A 1E 3 & 7K BT T B
RN Sy o3 Ao AR TRE, 5 RE R bR B8
JEREANTG PSSOV IR/ T 0.8 em, NI ] [ g
WNT 0.6 MPa, IXE . Z TR W 1,
1 AT e AR ARG SRR, U THIAR A B 2 Fi
) 3. 2 REREA SN I LT ) 30 (RIR] i 457
B CnE 16(b)FTR), B /K G K 80 ik &
ST R T VA O 7Y A g AT 74 16 A TR YA 2
IS 7 AH R AR /N o AR P TR 35 9 M )z
JI/NT 0.11 MPa. THIRRE )7 S 73 A1 52 Hb T 52
SREN, Jo ARSI RRPEE, AN
AR AT R ALK T 0.9 em, SZHUEEMK
WUAE 5 X I S RS AT 7 I OR, BT,
F A7 R AR TE — e RS Bk T Fie i A2 R I AR
B HREeEAlETR AR T 0.2 cm, BE
by ORI ] PRBT H A 0, TR At ) 5%
ATEHEIN, Al Y ) H9K T 0.20 MPa. [ ]
LN e KAEAL T A RS, 5 Rl A R AL AT
B, Fr N BT 0.31 MPa. % R 5 AR
PRI B AL i Y g RO ) H Y. AR Ak
&5 500 2.1%- 22.5%, 2.0%, 4.1%. 7] LAAEH,
e L INRANTL R RSIA- AL NI L T INPARIN

A ZHRBON. R o

R4 KARIEERY R FRHEE
Table 4 Extreme values of stress and
deformation of slab in Dashixia dam

o MRAIR em  HhiE N 3/ MPa IS R B J3/MPa
A e i =1
- fem UTCUTRRA RN RS BRI
HE KR
el 375 40 22 9.87 -141 1393 -150
ANEefm 383 3.1 24 9.67 -1.10 1453 -161




3422 s % 2018 4F
1700 GRS BNAR Y LR AR Rl i AR S R, T A
- AR AR h AR T = R s IR B o | B2
o 16 ) PECHUE KN, /A3 O T AR 2 P 3k
B —ﬁ;@m TR BRI, BT AR % RS RN, 5 414
1500—50 0 50 100 150 200 250 300 350 400 450 500 AUERIAKD AT R T RIBIEZ L. 5108
55 /m N LSS A BRI, TR 17K
. . BIEABR AT 200~300 m =3l DCRIG Ak
(a) BEE (Hf7: cm) 19] o N
- 80 mm'""*)), TLJFRIE TA7 f7 0+210 51181 P[4
: fa 1) FUFIIBES, ~FRIMEELIR 30° , KA EiE
= W Y L s SN I Atk e M K P UL S
g N LS L = s FERASTEAL. IS F I SRAE AR T U
s -~/ - B IE A R S R IT FENE AT K . B K G PR IUR BB AL
50 0 50 100 150 200 250 300 350 400 450 500 AR g ATk TR, I A EAL T2 )7 I Eein
g /m
(b) FEAI R (AL cm)
X=00
10T r
, LIk
g 1600 TR 4
,\‘% - . y_\g /
——5@u§@2 3 | ’
e AN R & ||| | d
1 500 L L& oy g R LG
=50 0 50 100 150 200 250 300 350 400 450 500 1 I i
BHE /m | e o
S ARITH ] ) I
(©) WUHIFINE) (it MPa) L RS, X
X=00 X=210.0
74 C L
— HiE \
77777 e - %) Eﬁtﬁﬁz /
1 500 == = 1 1 1 1 1 1 12,4 £
00 0 50 100 150 200 250 300 350 400 430 500 ﬁ§5ﬁ$§f§ I e 1 ﬂi‘ &
PEE /m
ﬁ_\l
(d) H R Jy (AL MPa) |
B e AR,
B 16 BB AT 7 |

Fig.16 Stress and deformation of slab during
full storage period
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