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Abstract: The field observations show that the existing widely-used constitutive models tend to underestimate the settlement of
dams higher than 200 m. One of the main reasons is the separation of load-induced deformation and creep in such models and
the neglecting of creep during construction in numerical simulations. In this study, a constitutive model, taking the stress, strain
and time as the basic variables, is proposed in the light of experimental observations to model the loading deformation, creep
and stress relaxation in a unified manner. A basic assumption used is the simultaneous occurrence of the load-induced plastic
strains and creep strains. Both the change of stresses and the accumulation of time can result in expansion of the yield surface
and thus produce plastic strains to obey, however, different flow rules. The model is used to reproduce the experimental results
of a rockfill material and a gravelly soil used in an extremely high rockfill dam, and it is further used to study the deformation
behavior of the dam. The numerical results show that neglecting the creep during construction may underestimate the settlement
by more than 10%. Therefore, for the extremely high rockfill dams, it is necessary to use the unified models to consider the
creep and loading behavior for rockfill materials so as to increase the precision of predictions.
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Fig. 3 Triaxial tests and numerical results of a rockfill material
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Fig. 6 Creep tests and numerical results of a gravelly soil
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Fig. 9 Staged construction processes of dam
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Fig. 11 Contours of horizontal displacement at maximum cross section
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Fig. 12 Contours of pressure head within earth core

i UL, UK ST R T B P &
K, IEAFAE_ B HEAORHE AL AT B R R, A 2] o
B8 7RG, AemFEEAKLRE, i
AURHEAL = A2 A BN T BERE A Lo 5 U 5E R 2 18] F
82 IR AT CAFR 73 BET Lot A B R R B i
K.

5 & i&

e EAUEHGE 200 m B 94 R A 0K 2 it
T, YRR B4 B R ARTRIEE T MK
B IR EPRA AT A SR R R AR, A
HESRAAMEALR, XAGE E A #5845 SRR
W Iy AR AR AL T ROR ARG INAS I o A SCHE S HrfLb
TN G HRARE FIFEAL L, SRAT ©— A A
PIANALEIHEN] " fRE, ST B IEERHES 74—
R R N3 T 5 AU AR (Y i 28 AR Y F) — B R IA
o FFE R E RS TT S I [ B YR
P IRV AT BT T — ] G BEAURDR
A S AR B AR, 32 F P AR 1
R =y s 5 6 AT = e A 1 45 SR AR 1) 45 B
PEREAT TURAE . SRR BEA i O R HE A LRI
AT TR, THEAERRN], WORHE TR AR T
RINGCRE L BAT B R, 25 RS T A e O
R UTRE RGN 10% L o B, RAS—BmE
I SRR ARG, WA R e i A AR



5 4 1 FRAK, 25 G—% e gAY 5 248 H R R - a8 98 e AR WA AR K 87 FH 609
T FIIHRE P o 2018, 144(7): 04018039.

[9] Hirr i, BRAEK, SRR, 25 HEARDNER SRR T
P SRR T IR [T]. A TSR, 2018, 40(8): 1405 -

[1] B Ee, R—mg, kR, BaTRaR S mM]. b
5 [ B AL, 2004, (GU Gan-cheng, SHU Yi-min,
SHEN Chang-song. Experiences and innovations in earth and
rockfill dams[M]. Beijing: China Electric Power Press, 2004.
(in Chinese))

(2] St 300 m i AROHE AT UE NP Bonk SR FE[T]. T E L
FERIZE, 2011, 13(12): 4 - 8. (MA Hong-qi. 300 m grade
concrete faced rockfill dam adaptability and countermeasures
[J]. China Engineering Sciences, 2011, 13(12): 4 - 8. (in
Chinese))

(31 MRAEK. AR HORBT TS BT[], & £ TR,
2015, 37(1): 1 - 28. (CHEN Sheng-shui. Experimental
techniques for earth and rockfill dams and their applications
[J]. Chinese Journal of Geotechnical Engineering, 2015,
37(1): 1 - 28. (in Chinese))

[4] Ba s, X, b AL S ARATHEARME A IUFIEOR
M]. dbxt: o EK KRR, 2010. (YANG Qi-gui,
LIU Ning, SUN Yi, et al. Construction technologies in the
Shuibuya concrete face rockfill dam[M]. Beijing: China
Water Power Press, 2010. (in Chinese))

(5] BRAK, TG, rhiE, S Rpm i B e NS i 22 4
PEIGIE[T]. A £ TR, 2017, 39(11): 1949 - 1958.
(CHEN Sheng-shui, YAN Zhi-kun, FU Zhong-zhi, et al.
Evaluation of the safety performance of extremely high slab
faced gravel dam[J].
Engineering, 2017, 39(11): 1949 - 1958. (in Chinese))

[6] S W, J . ek, 45 A= IR i =
ANELAEAEIN[T]. A - TR, 2011, 33(5): 746 - 753.
(MA Gang, ZHOU Wei, CHANG Xiao-lin, et al. 3D

Chinese Journal of Geotechnical

mesoscopic numerical simulation of triaxial shear tests for
rockfill[J]. Chinese Journal of Geotechnical Engineering,
2011, 33(5): 746 - 753. (in Chinese))

(71 FERA, A, WweMk, &5 HEAARR AT R RN
W] A 155 TR, 2010, 29(2): 328 - 335.
(HUA Jun-jie, ZHOU Wei, CHANG Xiao-lin, et al. Study of
scale effect on stress and deformation of rockfill[J]. Chinese
Journal of Rock Mechanics and Engineering, 2010, 29(2):
328 - 335. (in Chinese))

[8] FU Z Z, CHEN S S, SHI B X. Large-scale triaxial experiments
on the creep behavior of a saturated rockfill material[J].

Journal of Geotechnical and Geoenvironmental Engineering,

1414. (FU Zhong-zhi, CHEN Sheng-shui, ZHANG Yi-jiang,
et al. Plastic strain directions of rockfill materials during
loading and creeping[J]. Chinese Journal of Geotechnical
Engineering, 2018, 40(8): 1405 - 1414. (in Chinese))

[10] ZHANG B Y, CHEN T, PENG C, et al. Experimental study
on loading-creep coupling effect in rockfill material[J].
International Journal of Geomechanics, 2017, 17(9):
0000938.

[11] LADE P V, LIU C T. Experimental study of drained creep
behavior of sand[J]. Journal of Engineering Mechanics, 1998,
124(8): 912 - 920.

[12] KARIMPOUR H, LADE P V. Creep behavior in Virginia
Beach sand[J]. Canadian Geotechnical Journal, 2013, 50(11):
1159 - 1178.

[13] FU Z Z, WANG T B, CHEN S S. Field settlement
observations made on four concrete face rockfill dams[C]//
Proc 4th Int Conf on Civil Engineering and Urban
Programing. LIU Y M, FU D, TONG Z X, et al, eds. London,
2016.

[14] BRAK, (rhds, Shtesm. — A5 FERURLARE I 1) HE A Rl
M ARRNT]. A+ TR, 2011, 33(10): 1489 -
1495. (CHEN Sheng-shui, FU Zhong-zhi, HAN Hua-qiang.
An elastoplastic model for rockfill materials considering
particle breakage[J]. Chinese Journal of Geotechnical
Engineering, 2011, 33(10): 1489 - 1495. (in Chinese))

[15] KIM M K, LADE P V. Single hardening constitutive model
for frictional materials: I plastic potential function[J].
Computers and Geotechnics, 1988, 5(4): 307 - 324.

[16] COLLINS I F, KELLY P A. A thermomechanical analysis of a
family of soil models[J]. Géotechnique, 2002, 52(7): 507 -
518.

[17] PCERIL. B2 M) dbnt: o B K RK AR,
2000. (SHEN Zhu-jiang. Theoretical soil mechanics[M].
Beijing: China Waterpower Press, 2005. (in Chinese))

(18] ZE[E e, K &%, & 8, &5 VR AR A U ARt
WA RIS B 7T (7). & 12, 2004, 25(11): 1712 -
1716. (LI Guo-ying, MI Zhan-kuan, FU Hua, et al
Experimental studies on rheological behaviors for rockfills in
concrete faced rockfill dam[J]. Rock and Soil Mechanics,

2004, 25(11): 1712 - 1716. (in Chinese))



