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Fig. 1 Prediction of the generalized plastic model for

the results of dry samples
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Fig.2 Prediction of the generalized plastic model for

the results of saturated samples
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Tab. 1

Parameters of the generalized plastic model for

the dry samples (p,=2.18 g/cm®)

Go Ko M, M; ar ag H, H. mg

1500 2000 1.75 0.95 0.34 0.48 1500 3000 0.5

my m m, Yd Ydm Yu Bo B

0.5 0.4 0.5 0 10 15 40 0.035

%2 WA UMD 58 (=2 18 g/em’)
Tab. 2 Parameters of the generalized plastic model for

the saturated samples (p, =2.18 g/cm*)

Go K, M, M; ar ag H, H, ms

1000 1400 1.7 0.9 0.28 0.45 1050 3000 0.5

me m m, bz Ydm Yu Po B

0.5 0.45 0.5 0 10 15 20 0.023

x3 WERELNE-KEBEA S H
(p,=2.41 g/cm®)
Tab. 3 Parameters of the Duncan-Chang EB model for
the asphalt concrete (p,=2.41 g/cm*)

4k c/kPa /(") K n R K, m
WAFREE L 250

26.9 397.5 0.5 0.91 920 0.48
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Fig.3 Wetting model prediction results with different

dam materials
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Tab.4 Parameters of the wetting model

R AR ai1/100  6,/100 a2/ % b St

VG SRR A 4.49 0.38 0.87  0.66 0.66
A (BK) 15,18 0.29 0.29  0.96 0.50
A REM 51,50 0.55 0.18 0.93 1.00
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Fig.4 Sketch map of the maximum cross section

of the dam
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Displacements of the dam when construction

Fig. 5

is completed (unit:cm)
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dam during reservoir filling
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dam during construction and reservoir filling

A,

(a) R T3
- — VBRSO RRR
= N AR
T TR
== Y NN
(b) WEIM

B 10 KA E B A (AL MPa)
Fig. 10 Major principal stress distribution of the dam

(unit: MPa)

/01’\[\0w

03— 0.3

0.1 / ‘v \

S
v

(a) SR T3

R R ——7

— VEIBRA IR
o AERIEEAR

B 11 IR/ E B A A7 (L : MPa)
Fig. 11  Minor principal stress distribution of the dam

(unit: MPa)



%56 14

HETHE: BAEEDHEMAN T

o N DA (A 3 /% - o i¥

609

IR TG 2 I A B ) 23 A A 12 B
KA T ECO S R A 3R P SRR

TR 7 A 5 R ) T 87 A 3000 8 G S %9 R m vz 7 Bk
PIALE=E: Vap
100 RS R99.3 m
-0 R
e - JERIEHERRY
80 - A~ VEISBRATBRE [
£ 60 X
= =k W'Y
oA
2%
20 LY A
. ,:A;'
} Al
0 05 10 15 20 0 030609121518
o,/MPa 0,/ MPa
K12 3N H A0

Fig. 12 Stress distribution of the core

it

CIBRA T SCP A 55 R 70 0 b A A g
L0 355 30U R AL A8 T8 K g ) 4 A B

(2) bW SR & 7K W Ak 25 S BRI Ui
T3 1) 7K P57 R 1 ] 350 o # B dl 1 OK L PG SRR
0 AR b 5 SR K 88 1] I9E e SR TR 0. 17 %%
WU 3 K 2 0. 53 Yo Uiy, 1 Fe KK 67 7% W Hiy 92
THFAY 1.5 em BEKE 22 em. i 50 WURHE Ba 3%

-H

g

187 20 355 114 7K SP- A7 BS 1% 1] 30 A AR AR KL I L P 3
ik 5 B0 B 1) B A 38 1) T 6 Ry A B 2 HE A R G 3T
3 1.

(3) B KR AL S5 VA b 3t 00 32 57 g B S i/
PSRBT 0 R R Y 38 A A T 5 B B 0 300 T
BRFIE 3 BE 0. 1 MPa 727 SR N g X, A1 AT RE 51
ITH R 4E .

(4 2R FH VY S B o 0 BB A D USRI 10
W UIE IR AE Z K i AR AL AR TR

2 2% 3k

[1] Lawton E C. Fragaszy R J. Hetherington M D.
Review of wetting-induced collapse in compacted
soil [J]. Journal of Geotechnical Engineering, 1992,
118(9) :1376-1394.

(2] ZF2. XTLa I LN TRAERE M A

[3]

(4]

L6]

L7]

[8]

[9]

[10]

[11]

FRID]. dx HERFE,
LI Zhi-lie.

1986.

Study on subsidence problem during the
earth dam first pouring [ D]. Beijing: Tsinghua
University, 1986. (in Chinese)

Cetin H, Laman M, Ertunc A. Settlement and
slaking problems in the world's fourth largest rock-
fill the in Turkey [ ] ].
Engineering Geology. 2000, 56(3-4) :225-242.

Maranha

dam, Ataturk Dam

das Neves E. Advances in Rockfill

Structures [ M ]. Berlin: Springer Netherlands,
1991.

Nobari E S, Duncan ] M. Effect of reservoir filling
on stresses and movement in earth and rockfill
dams:a report of an investigation [R]. Vicksburg:
Waterways Experiment Station, 1972.

Duncan J] M, Chang Chin-yung. Nonlinear analysis
of stress and strain in soils [J]. Geotechnical Special
Publication, 2002(11811):1347-1371.

Escuder I, Andreu J. Rechea M. An analysis of
stress strain behaviour and wetting effects on
quarried rock shells [J]. Canadian Geotechnical
Journal, 2005, 42(1):51-60.

Roosta R M, Alizadeh A. Simulation of collapse
settlement in rockfill material due to saturation [J].
International Journal of Civil Engineering, 2012,
10(2):93-99.

IR ERIL. AR W BB R KR A e E
(1. AFIAKEH 2K, 1989(1):107-113.

ZUQO Yuan-ming, SHEN Zhu-jiang. Determination
of deformation character of gravel sand due to
Water Transportation Research,

(in Chinese)

wetting [ J .
1989(1):107-113.

WET.E BECK NERELOELTIAN
B MR AT E £ TR F R, 1982, 4(4):
146-158.

CHEN Hui-yuan, SHI Qun, TANG Ren-jie.

Stress-strain analysis of earth-rock dams with

asphalt concrete core [ ]J]. Chinese Journal of
Geotechnical Engineering, 1982, 4(4):146-158. (in
Chinese)

KExx, hB. B #H.% BHERELOENY
B BRFGEEELT]. ARF IR A TR %R, 2009,
20(3):87-90.

ZHANG Yun-yun, CHEN Yao-long, LV Qi, etal.



610

A #

B L kA ¥ ¥ #

W55 4%

[12]

[13]

[14]

[15]

[16]

The stress and deformation properties of asphalt
concrete core dam [ J]. Journal of Water Resources
& Water Engineering, 2009, 20 (3): 87-90.
Chinese)

FARNEmBR. BHARKEMNRKEKANE LW
AR T MLI]. K®EE KT E%EH, 2004,
15(1):71-73.

DONG Jian-zhu, WANG Rui-jun.

(in

Finite element
analysis of wetting deformation for Heihe earth dam
during reservoir filling [ J]. Journal of Water
Resources & Water Engineering, 2004, 15(1):71-
73. (in Chinese)

HHE. GEF. ARE. BUERACEEED N
ZhAEREENE ] BN KEFFREHAF
MO, 2014, 17(3) :64-68.

LU Yang-yang, GAO Zhuang-ping, ZHU Jun-gao.
Effect of wetting deformation on behavior of earth
rockfill dam [J]. Journal of Yangzhou University
(Natural Science Edition), 2014, 17(3):64-68.
Chinese)

FAR KR, EER.F. 28 E KM EAMAAAEH
M HEEEHE A R R ARES KT
2% 4%, 2015, 26(2):220-225.

DONG Long-gen, SHEN Chang-song, SHI Zhen-

(in

yu, et al. Effect of staging impoundment and
humidification on stress deformation of core wall
rock-fill dam [J]. Journal of Water Resources &
Water Engineering, 2015, 26 (2). 220-225. (in
Chinese)

FoW , TERN.KAN.%. A2 HREHRES
M=K /AEH 2] KK KR FHR, 2005,
24(3) :24-29.

LI Quan-ming, YU Yu-zhen, ZHANG Bing-yin, et
al. Three dimensional analysis for the wetting
deformation of Gongboxia concrete faced rock-fill
the Yellow River [ ] ].
Hydroelectric Engineering. 2005, 24(3):24-29. (in
Chinese)

TEB. Hamdk, K F,% BEEHRERINER
WRB 2T A J &%, 2009, 28(2):56-
60.

WANG Fu-qiang, ZHENG Rui-hua, ZHANG Ga,

dam on Journal of

Slaking deformation analysis for Jishixia

rockfill dam [ J].

et al.

concrete faced Journal of

[17]

(18]

[19]

[20]

(21]

[22]

Hydroelectric Engineering, 2009, 28(2):56-60. (in
Chinese)

KOELE LRI AL E R BRI E AR
EIME MR AR ARFET, 2014,
36(3):126-128.
ZHANG Wei, LEI Yan, CAI Xin-he, et al.
Research on wetting deformation control of CFRD
for Jishixia Hydropower Station [J]. Yellow River,
2014, 36(3):126-128. (in Chinese)

A B4 . Erich B, Sendy F T. # /& 38 L3 i oy 3 7
#F Gudehus-Bauer T # M 4 A & #F % [J]. & +
1%, 2009, 30(12):3808-3812.

CEN Wei-jun, Erich B, Sendy F T. Application of
Gudehus-Bauer hypoplastic model of core-wall type
rockfill dams considering wetting behavior []].
Rock and Soil Mechanics, 2009, 30(12) :3808-3812.
(in Chinese)

KA ¥4, MEBERAHR SN TR AR
[1]. #E Az, 2013, 13(7):244-246.
ZHANG Jing-dong, CHEN Zhao-hong. The
engineering geological characteristics of the Xiyu
group conglomerate in Xinjiang [ J]. China Water
Transport, 2013, 13(7):244-246. (in Chinese)
LT . HEF. R R F. BIFHEREEN=
AR T H BN Ah AR FH, 2013,
32(2):213-222.

KONG Xian-jing, ZOU De-gao, XU Bin, et al.
Three-dimensional finite element elasto-plastic
analysis of Zipingpu concrete faced rock-fill dam
[J]. Journal of Hydroelectric Engineering, 2013,
32(2):213-222. (in Chinese)

KER AL . KAW. XN ABETHELRER
MR kB BIE[]] & £ F. 2008, 29(5):
1147-1151.

ZHANG Zong-liang, JIA Yan-an, ZHANG Bing-
yin. Comparison and verification of constitutive
models for rockfill materials under complex stress
path [J]. Rock and Soil Mechanics, 2008, 29(5):
1147-1151. (in Chinese)

oM. MERBEXEAEMEERERX L KEE
BEF 5 [D]. B3 AF . 2006,

WEI Song. Study on wetting deformation behaviour
and numerical model of coarse-grained materials
[DJ]. 2006. (in

Nanjing: Hohai University,



%6 B T VRS B BRI F R B 0 B IR e R B E AT 611

(23]

Chinese)

REMAEARR, TAM. %, B HELFERERE
Bill]. B+ TR/, 2010, 32(2):243-247.
CHENG Zhan-lin, ZUO Yong-zhen, DING Hong-

[24] Naylor D J, Maranha das Neves E, Mattar J D, et

al. Prediction of construction performance of
Beliche dam [J]. Géotechnique, 1986, 36 (3) :359-
376.

[25] Naylor DJ, Maranha ] R, Maranha das Neves E, et
A back-analysis of Beliche dam [ ] J.
Géotechnique, 1997, 47(2).221-233.

shun, et al. Wetting characteristics of coarse-

grained materials [ J ]. Chinese Journal of al.

Geotechnical Engineering, 2010, 32 (2). 243-247.

(in Chinese)

Numerical analysis of wetting-induced deformation
of Xiyu conglomerate gravel dam with asphalt concrete core

ZOU De-gao”'*, YANG Xiao-long®, LIU Jing-mao*, KONG Xian-jing"?, ZHOU Yang’

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Gravel from Xiyu conglomerate, which is easily softened and disintegrated when
inundated, is widely used as filling materials of dam in Xinjiang region of China. Therefore, the
wetting deformation problem of earth dams during the reservoir filling is a serious concern in
engineering field. The generalized plastic model and wetting model based on the wetting tests of Xiyu
conglomerate gravel are incorporated into procedure, and numerical analyses of wetting-induced
collapse of an asphalt concrete core dam are performed. Analytical results show that the generalized
plastic model combined with the wetting model can well reflect the wetting deformation and stress
distribution of the dam. Wetting collapse that happened in the upstream shell increases the horizontal
displacement toward the upstream direction and settlement significantly, the maximum horizontal
displacement increases from 1.5 c¢m to as much as 22 ¢cm and the maximum settlement increases from
0.17% to 0.53% of the dam height, which leads to the significant deformation of the asphalt concrete
core. Wetting deformation of Xiyu conglomerate gravel is apparently larger than the granite rockfill,
for the maximum settlement is nearly 3 times of that of the granite rockfill. Particularly, small tensile
stress is observed around the dam crest, which may result in cracks nearby. Therefore, close
attention should be paid to the wetting deformation during reservoir impoundment for dams filled with

Xiyu conglomerate gravel in Xinjiang arid region.

Key words: generalized plastic model; wetting-induced deformation; Xiyu conglomerate gravel;

numerical analysis



