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Research on stress-deformation characteristic of foundation
concrete cutoff wall of homogeneous earth dam

WANG Rui-jun, LI Yan-long, HAN Yan-li

(Institute of Water Resources and Hydro-electric Engineering , Xi’ an University of Technology ,Xi’an,Shaanxi 710048 ,China)

Abstract: [Objective] The study was to research the stress-deformation characteristic of concrete cut-
off wall of homogeneous earth dam foundation and dam abutment, and its contact face with the earth to
provide a basis for engineering design. [Method) Combining the concrete cutoff wall of Wang Ge-Du homo-
geneous earth dam in the construction period in Yulin city,Shaanxi Province, the paper analyzed the stress-
deformation characteristic of typical cross section and concrete cutoff wall of the dam.,and its contact face
with the earth in the construction period and operation period on the basis of research on establishing com-
putation model and computation scheme for stress deformation by using three-dimensional nonlinear finite
element method. [Result) In the construction and operation period,in the upper part of cutoff wall of par-
tial dam foundation and left part of cutoff wall of left dam abutment there exists small pulling stress area,
but the cutoff wall will not occur tensile damage;in the upper part of partial dam foundation and most area
leave dam abutment,contact face between cutoff wall and earth of upper and lower reaches there exist pul-
ling stress area and shear failure area. [Conclusion) To protect the security of the dam,we advise that the
interlocking layer surrounding the cutoff wall of dam foundation should be set, especially the conjunction
part between cutoff wall and the dam earth part,so that the stress condition of the contact face could be improved.
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Fig.2 Three-dimensional finite element model of

Wang Ge-Du reservoir dam

3 HRTASHTESH

3.1 HEIR
SiGTHANAE PUETHE T - (Dt T
A DA AL TR 25 PR 1 008 m SELAR F LT B AR 1 054
m, IR A B R F AR 1008 m,
(2)iz 47T A FE K ERNIR B 7K 2 0E % & 7K 7 LA
B BRI Bl . AKEKAA 1 008 m &

FIEHWZ KA 1 046 m. WU FHEKA N 1 008 m,
3.2 HESH
3.2.1 MARBIMAMAM G EE ZE WX TR
HLT R A I S ) TR E L B 30 R R 3013 A
BB E R EOLE 1,
*1 NGERMEHBNSERY
Table 1

Penetration coefficient of dam and

dam foundation material

BiERE/ (cm s 1)

)M*L Coefficient of permeability
Material
Kx KY
WA 1K 5 5
Dam body earth 1.80X10 1. 80X 10
S 2 34 Jstr
5 4 b7 54 1.00X 1077 1.00X 1077
Concrete cutoff wall
e 0 0 2
WA 1.00X107%  1.00X10°°
Curtain grouting
WL : -3 E -3
Sand of dam foundation 8. 0010 3.0010
s 1t
ML 5.00X10* 5.00X 10

Weak weathered sandstone

A T AR e LA K UKL OFD BB -5k E~B
AR KR 2 B 25 2R o PR M AR T B ) 3 O
AL TR B2 A M B S RO I 45 0 . A3k 2 o,
2R ELRTS IR ILSCHRL9 ],

* 2 UERMNEB HEPE-K E~DBEMERNSH

Table 2 Duncan-chang model (E—B) parameter of dam and dam foundation (dam abutment) material

B

-/ kPa o/ ° ° wr
Material K n Ry K, m c¢/kPa B0/ (") A¢/( ) K
K+ %} Dam body earth 180. 793 0.492 0. 684 95. 264 0. 325 30 21 0 358. 088
/| I
B D B 1 042. 45 0. 328 0.683 787.89 —0.148 0 28 5 2 239.900

Sand of dam foundation

3.2.2 MBIGHEBALS I hEREAK R
BEL BB R %N 2 400 kg/m®, #RPERL Ol 1
GPa, AR LR 0. 167, WL KGR EE L Bis S
WBEUF) R Z (B 2 il 1RS80S LT
PR W VR, INFEHE A 1157 Bk T3 0,

RS

Pl BRI O R Gl S AL R T
3R TOLT RN 7328 T 1) = 4 BR oG T8 45 L.
Jiti T3 ) 30 KE F 42 B AR SR AR 3R 43 10 2% A 28 52 i
TR G5 R R S AR L AR TE R A A 0L S 3T
F 0I5 RY CAR T BT A it T 2 3
VRTIE” FENE TN 1 AR R AL L, R K
JEE K F 3 G ag AT RGN, SE AT A8 AT B R I )
AIE AT BRI R R 1Y ) AT & AR IR
FEHKAL 1046 m B, PR 3R (138 17 W9 38 48 < OK I
WEKAL 1046 m B, N AR TG THSA T A6 B8 DLV
AR 7 [a] 14 A B B 1E 18] 54 1F 5 328 g L 1E R DA Ry

1E LUE R,

i T ARAT T T Kz A ) OR R A
BN AR EE R . BRT R A A T s A7 )
PN:b PN INTTE N =N S VA YN S A2 I N SN VA
FHL A (B 3~6),

AW e TH TR AR AT T T8 Lo AT I8
BN 72 IR TR BE 117 5 5 S5 A A fk i B9 1 g
ARIE A 2R b 2 0 B 95 Bk b0 ) T A R 3 R ) A
HLWE 7. 8 P, oifi T B & 5 b T Ui 4% fih
T B R I T A A 2 43 3l WL IR 9 AT 10,

4.1 B TR R 35 17 HA K 40 8 B W A B2 ) A
P

THRAE R R Wt T3 R 30K P K e LA A Y
I3 AT AR 5 — B ¥ 5T A 3004 57 B8 o Al HL A R R —
B, Ho, RO R K W T A9 e K 3R L A2 O 0. 40
m . [i] b JiF 5 B RKSF02 88 9 0. 31 m 1] Ui Y £
KOKELLR 0,35 me fy T By 5 i 0 SE Ak I 42 A
K8 UM T4 I DR A SUURE B 98 4 B O B B L T



226 P AR HEE K 7 AR D

5 38 &

Serh e AR BT 2 AR XL R 1) 2 )
Y APPSR 2 S N DR NG
ELE RS FEAAAE S 0. 42 m, it T30 30044 VP 300 4l 2
7 1) (X5 1)) B AL B S MR B B A 5 7 1) 2 % L 22
5 I 3B L PP R S A% A O 1) A A5 A i /N 1Y
OIS RS B K AB R 0,05 m, il T30 R 4% e
AT F A /I 32 7 g A 24 AR 5 B e T 17 g DA 30 TG
T 3PN 107 3 32 7 8 K+ EL i R (B2 e A A 3L UG
(1 3L 77 35 B3k B 30 T 90 300 TR ) 8 A A /N B
PALCES SN LN+ N TN S NS S VA R SN

Zii At

Z-displacement

B3 E AT R I K I T L RS S (R

Fig. 3 Largest section of vertical displacement isolines

of the dam in the operation period

z
X I—Y €(1)20 kPa

- —360kPa

—480kPa

: ~ ——600kPa
- — - —720kPa

B 5 @ AT 0 R Ui K TG O 2 7 ) A B4

Fig. 5 Largest section of major principal stress isolines

of the dam in the operation period

B 7 it T3 TR A B A R b0 ) TR TR R ST (R LR
Fig. 7

Major principal stress isolines of concrete cutoff

wall in the construction period

z

L, -—2000kpa

Y=X - 1666.7kPa

13333 kPa

1000kPa

—— —___ 666.7kPa

— —3333kPa
P

= a
- —333.3kPa

B9 i T I 5
Fig. 9

i3 L TPNEANPIE S
Major principal stress isolines of upstream face

in the construction period
IEL 3~6 AT LA Hh Lz 47 01 K e 5 AL 19 7
A B A 5 i T A 1 43 AT B R A AR [  {H
T B 1 e KA B 3 K. H e, RO K W T

1,07 MPa, i T WU &R A9 LB 95 55 1 il 7
s S FE R 75/ F 0 7 e /IME R 0. 08 MPa, fii TF
RN S S E A AV I < [N TR DR S LI N
AN TR ¥ 5B R RN D A BB s R R D) R
AR B B AR AR, R S N ) e R AE Kk A AE B B
AR /N N ) e/ IME R A TE T T 0 3 AR A i e
PRTAT b o vy IO R T T 194 30066 K 32 3 ) fe R
{8 2.0 MPa, 2 &R J7 5 /N E R T3 e /ME A 0. 05
MPa, b FE R 17,

— Y7 e
== Z Y-displacement
; yly- 0405m

) I - —0223m

B 4 SBATH A e R T THT K T3 B S5 (H 2
Fig. 4 Largest section of horizontal displacement isolines

of the dam in the operation period

———  —1050kPa
| -—1350kPa
—— | -—1650kPa
~—1950kPa

Bl 6 Ga AT 8 I e R T T /0N 3 7 ) A (B 4R
Fig. 6 Largest section of minor principal stress isolines

of the dam in the operation period

SRR i 1R o 2 AW T TN S VA (£ 7
Fig. 8 Major principal stress isolines of concrete cutoff

wall in the operation period

z
Yl_X —2000kPa

~333.3kPa
~0kPa
——333.3kPa

P10 i T 5T iy 98 il T e o M T A 0 ) SR ME £
Fig. 10 Major principal stress isolines of downstream face

in the operation period
B A e R AL A 0. 43 m, WUER i K B 7%
N 0,45 m, 7 [ R E T . s AT RIUK- L FS
B4 43 A B 55 0 T30 K P58 43 A H A A 3 A A



5910

F R A < 2 5T A URE Al TR U - By 15 B BT ) AR TR AR AT 5T 227

[ (EL R T 2K % B VR T 30UPA L i 8 o i i 9 K
SRR AT I U /D SUUURTR T AR 2 18] T 0 B K - B
Ve DN L RN 5 N TN TTR: KN CINGE T U E S PN
IKAFAERS 9 0. 26 mu [ 7 ) B KK R2 82 0 0. 41
m, AT T K UL i 30U £ T 1 4
F A AR /N S A1 R B RN 5t T3 B A A ]
557t TSR B L A% W T 3O /N 35 R A7 £ 3 A L
S B N Y E NN N U A PSR O N =R R ST
B Horp 3000200 W T AR 325 ) fe R AR N
1. 50 MPa. {i J* Bjj & 5§ LT Uig 0l i SI0H i &8 . O &
IO 3 5 AR /N T 1V T3 e /MR 0. 09 MPas i T L i
ST R 0 S BN T AR A% W TR Y 3R e 27 3R
L IR/ R AT 8 g3 A B B DRSBTS AR A
] AR

SCHRLL8 1R I 4 A BR OCARE 1 X5 2% K 30 e K Wy
T HEAT 1R8I W20 35 S AR S 4 R AR L
HIE R 3L i R W TR O ) A8 B o3 A MR T . A T

AREERIEAR—FL,
4.2 MIBMRETHGESERESTEZEMENY
Bz 13 72 45 1
it T3 2 47 301 By 98 i R G 5 b A fh T ) £
¥ L3RR F ARSI SR R WL 3. 3 3 R
1L R S I 1 B B AR 0 B DL 7~ 10,
4.2.1 Brigskem AR RS EN] /T
SRS AT 40 KR K e 00U R BE L B 4 000 RS
T2+ (1) 7K 57 B B AR 52 B0 1) 90 32 4% A9 5 15 4%
LITRE S TR. SR SNV SR VR N o A Rt B
U S T Uk /) 5 2 30U B 8 i 1 K SF 03 8% 23 A
I B A R S A K ) ZE B N S (2) T
FLALAS T ) 249 8 18] T 5 4% W 1 30 5 7 95 i e K A
LA RS 4 e A A G B A i 1) S B 1) A U
Wi 0 5 72 WUR B 98 5 T 52 B IR ALY 595 i L B
EINENA TS R R i = NN Pl A
T /N B 3 AT

x3 NERBEBERESTHEMENE ITHITESER
Table 3 Stress and deformation results among the cutoff wall of dam foundation and its contact face with the earth
Jiti, T35 BT
Construction period Operation period
IR KERT1 - = 7 KEMJ)
Y REEN moorrsn wkm AT mxms  REEY O Twoew
Longitudinal " Uym/m Gl /MPa % B8 Uz /m "% i /MPa
: U zmax /m : o Stus S Uymax/m - I RAE Simex
section . Maximum Maximum . Maximum . Maximum .
Maximum . . Maximum . Maximum . Maximum
. horizontal major vertical . major
vertical displacement rincipal stress displacement horizontal rincipal stress level
displacement Spla p pe level Sple displacement p pa
stress stress
S T
’?j{%hﬁ:‘?1¢ EF' L 1T —0.09 0.007 1. 00 —0.16 0.035 0. 90
Center profile of cutoff wall
LU 4 i 0. 90 1.20 0.92 1.32
Upstream contact face
S 43n
sk 0.92 1.23 0.93 1.35

Downstream contact face

M7 0 8 W] LLE L AR T A A7 0, AR
Bij 2 3 16 K 3 g ) BE AR 3 5t R Ok e R L ABLAE JR 3
B By B & i b AEAE /NS B B P g X, 22 UH
SRz Yl 5 i I NE S AP I E O ADA < K VA Rse
J8 223t H T A 2 4 IX R ) K 32 1 R R T
G3NAL T2 R A BER BB S b iR . A Y B 8 B
(e K FEHN 1R 1,00 MPa, /N T HBTHhrsm g 1.1
MPa, K LA 2 7= R BRI IR
4.2.2 Ghdkh kot e Tl AL
WY il TS0 S0 B 8 b i A A T %) R N
FEAR ) B TN Sy . B 7R S A2 IR JR I B
(104110, 31 0+ 130) Ay = I8 42 i i 1= 358 47 78 /)N
NN E A f R

M9 W LU Y it T3 A 3003 Sy 8 300 B (30
0-+110,3 0+130) iy |3 S A2 WU R4 X B, 1
i 42 fok YD A AE B N 7 X, e K R F1 R 0,90

MPa, 3 6 F A (4 L Ji7 42 i T0RF mT R 7 22 & 350 4 5k
PLAE . [R]IEARE L ) KPS A5 R L L T 4 ik i
JRy AL (LR Ze M D B9 1% T K S B R (E A
120, R F 1. 0. U8 B 3k 26 3R 437 i 7T B8 7™ A= 5 1] 2
B¢, RPN IIE L e WA B 5 dt 329 4k F R0 (O
A JZ W H bk sk 24 K 0y U) R A 12 R AR Y
R 1) UKL COFD B HE A 3 2 7 B L J 1R 0 )2 7 A
HN A TR L 32l i 26 2R 4% 5 T 1

M 10 0] RLFE Y it T 39 Bl 2 i 1 90 42 ol 1 )
RN 3 50 A7 5 ik 5 T 42 e v BE AN A () L 4% 1107
T B R BN A AR ZE BN . I, 56 T Bl
2 fiph 1T )L 3R 23 BT 45 SR A TR R B P T 90 ik v

550 TIAR G« o A7 3 300 3R R Ze U By 8 i L
T Ui o TR 64 52 B KN g o3 A AR AN L A% b
HAZEWEL/N o EIS AT b T U s 1 ey A6 (31
e I N S DRI Y SRR NS SN D



28 P Al e MR K AR

5 38 &

1.32 1 1. 35, ¥ K F 1. 0, ¥i BH 15 17 B 5 B6 35 4 &
A BT U IR 0 AT RE MR K
5 4% iE
A GT 45 A A 1Y T 32 35 K B IR EE L B B 5% )

i@ﬁﬁiiﬂliﬁu‘éﬁﬁiﬁﬂk%ﬁﬁﬁﬁﬁ%ﬁjﬁiﬂm
J1 A HAEAT T b AR R

(l)fﬁﬁiﬁﬁﬂlﬁﬁﬁ;ﬁ RIVIK - e 2 EL A 7% 1Y
IR AT — R B R I — 2. i TR A Sl

THZ A B 58 57U T2 I AT 7 L RE 17 32 35 B 30 19 L

T UFEE R A RS L T 2 AR X RIS I
AT PR R /I 2 7 g A 24 AR 5 B e T 7 7« DA 30 Tk
16 3PN IO 3 328 7 8 K+ EL i R (B2 e A T 3L
4 3L 77 35 B3 B 30 » T 90 300 TR J) 9 A A /N B
RANILES e

(2) IUHEFN 2e 30UJR R BE 1 By & 5% 1 38 B AL 58 7
[i] b 7K S0 8% 240N IUHE 7 32 i 4 0K 32 17 ) AR
Y95 BN R g . BT SR B 0B 1 By 5 i L AR AR AR
/NI TR 9 97 87 31X 2 30U B3 95 i 20 3 2 1 R 3
IV EOATIRV SR S5 i 82 A NS YN S P A I

UKL 2 72 VR B 1 85 ) B KAL) ¥/ T By 8 5 1R

BE L B PURLIR L L PRI B B 5 A 0 AR BURLRIA

(3D FERE T3 Az A7 4] 3003 Jey i LB )
ZEIUE RAR > DI, B8 45 5 L T i AR 2 e ) 4
ﬁéﬁﬁﬁiﬁﬁj}&&%ﬂ]bﬁﬁﬁ XEETRALAY bR
Ui 42 i TRDRE AT RE 7™ 25 J 38 1) 5 7 2R 4% K 9 V) R4 4%
%‘[ﬁ@]ﬁl%&fniﬂ}*I@?%i@iﬁi?iﬂﬁﬁ"(ﬁﬁﬁ)ﬁ
e JE FERD S A E N A AR T L I 2 A R i
FOEr . (O O R 2 4 AR BT I 78 3R R
B 1 B 5 G R 2 L JC R A B 5 0 S AR A A 4
TRAL 3¢ AR T A PR - LSS 4 Al T #) BE SIR B

[ &% ik ]
[1 0 8. K WUE A B 95 4 [ M. b 5« of 5 oh g i AL+ 2000,
211-225.

Gao Z P. Dam-based cutoff wall [ M. Beijing: China Electric
Power Press.2000:211-225. (in Chinese)

2] M m. B8 s o 4 G a3 DML 8N . 230 7K ) s AR A,
2003:122-136.
Lin Z. Design of roller compacted earth-rock dam [ M]. Zheng-
zhou: Yellow River Conservancy Press,2003;:122-136. (in Chi-
nese)

[3] W Br.BRoekE . 2258 . 4 A UL MR E L B 5 ik
T4t [J]. 7k F1K L, 2008,34(2) :32-35.
Si Z,Chen Y L,

[ 3 28

Li S Y. Stress-deformation analysis of plastic

concrete diaphragm wall in dam foundation earth-rockfill dam

[4]

(6]

7]

(8]

L9l

[10]

[11]

[12]

[J]. Water Power,2008,34(2) ;32-35. (in Chinese)
Z e B PR MR R R I o U g i A LT
AT K F K L, 2009(6) - 79-84.
Li X M. Research on the application of plastic concrete walls to
the reinforcement of dangerous earth-rockfill dams in Fujian
Province [J]. China Rural Water and Hydropower, 2009 (6) :
79-84. (in Chinese)
Wiy s A LB B TR BE M AR [T, JKORIK R B
HEJ,2009,29(4) :44-46.
Yao R F. Experiment on the concrete properties of cutoff wall
of high earth-rock dam [J]. Advances in Science and Technolo-
gy of Water Resources,2009,29(4) :44-46. (in Chinese)
B B AN 588 [T A TR, 2009, 51
(1):1-14.
Yin Z Z. Stress and deformation of high earth and rock-fill
dams [J]. Chinese Journal of Geotechnical Engineering, 2009,
51(1):1-14. (in Chinese)
RS /NHE VR BE R BB e A A I TR R S5 R [Tk
7K B H AR L2007 ,38(8) :42-45.
Lang X Y. Application of concrete cut-off wall to rock-earth
dam and its development [J]. Water Resources and Hydropow-
er Engineering,2007,38(8) :42-45. (in Chinese)
e WG 48 K R B g B R T R S B B G 4 A bR Tl E 22 3K PR T
FEAAT PR SRS (R VG %2« DR VG 48 /K R d, Jy B i 1 B 5%
B .2006:112-253.
Shaanxi Institute of Water Resources and Electric Power Inves-
tigation and Design. Feasibility study report of Wang Ge-du
reservoir engineering, Yulin city, Shaanxi Province [R]. Xi’an:
Shaanxi Institute of Water Resources and Electric Power Inves-
tigation and Design,2006:112-253. (in Chinese)
R A 895 T A 300 AT 0 OC B BOR AT 98 ) B & B3 2. /K A B 1D
e A ST 30 O B R AP 5T [ML bt o [ K A K L R
#h,2005,71-92.
Research to Front Period of Key Technique about Shuibuya
Concrete Face Rock-fill Dam Prepared by the Committee. Re-
search to front period of key technique about Shuibuya concrete
face rock-fill dam [ M. Beijing: China Water Power Press.,
2005:71-92. (in Chinese)
LR BT, LB - BT 5 R FITE AR P
BE T8 (1. P4 a8 T4, 2009(6) - 9-11.
Jiang T T,Gao Z J,Wang Y X. The research and engineering
application of Duncan-Chang Model [J]. West-Ching Explora-
tion Engineering,2009(6) :9-11. (in Chinese)
Duncan J M, Chang C Y. Nonlinear analysis of stress and
strain in soils [J]. Journal of the Soil Mechanics and Founda-
tions Division, ASCE,1970,96(SM5) :1629-1653.
BRA— wh kLX) SR TR gk (Y + A 3 RR
Jeo T (1], NRAKIL,2008,39(8) :60-63.
Chen W Y.Han Y,Liu P,et al. Embankment dam’s finite ele-
ment analysis based on Duncan-Chang Model [ ]J]. Yangtze
River,2008,39(8) :60-63. (in Chinese)

(F# % 234 7))



