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Secondary development of ABAQUS and its application to static
and dynamic analyses of earth-rockfill dam
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Abstract: On the basis of subroutine UMAT provided by ABAQUS, the Duncan nonlinear elastic model for static analysis and the
equivalent linear model for dynamic analysis are implemented; so the database of constitutive model in ABAQUS is enlarged. The
methods to model layered construction of dam, correct the displacement of new fill layer, consider the effect of wetting effect,
evaluate liquefaction resistance of dam material and compute the permanent displacement induced by earthquake are described in
detail. The results of examples are found to be reasonable and reliable, it verifies that ABAQUS can be used in static and dynamic
analyses of earth-rockfill dam after the secondary development. The present method can make use of the advantages of ABAQUS,
such as convenient preprocessor and postprocessor, high solution precision and high ability to handle complex problems; so an
alternative method for static and dynamic analyses of earth-rockfill dam is provided.
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Fig.4 Isolines of minor principal stresses at the end of
construction (unit: kPa)
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Fig.6 Isolines of horizontal displacements at the end of
construction (unit: cm)
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Fig.8 Isolines of settlement increments due to
impoundment without consideration of wetting (unit: cm)
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Fig.14 Input ground acceleration of example 3
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X2 ANAIHBBERESN
I Table 2 Duncan model parameters of example 3
HH K n Re CkPa @)  Api°) Ka K m___ plg/em’)

RERL1 850 030 0.78 40 52 11 1700 340 025 220
RiEH 2 950 0.25 0.78 40 st 10 1900 360 024 215
Lt ¥ 950 0.25 0.78 25 51 10 1900 380 0.14 2.17
TN 900 0.15 0.75 15 49 8 1500 380 0.14 2.13
BESNIK 1100 027 0.76 40 49 ] 2000 450 024 223
BEHIK 800 025 0.74 35 48 1500 300 022 220
BARIX 500 030 03 40 46 6 1000 247 0.18 218
LIEH (CKD 500 0.28 0.90 50 37 13 900 470 0.15 2.07
B+ 200 0.32 0.92 50 33 15 300 100 0.35 1.95

23 HESEAKURDSN

Table 3 Equivalent linear model parameters of materials

Lk K\ K; na Amax
Rl 11.60 1216 0.321 0.23
B2 16.40 1486 0.300 0.22

B2 Sueid 15.70 1997 0.328 0.22
T¥utHEs 15.70 1997 0.328 022
BARIKX 1880 2336 0.268 0.19
BAENIKX 17.95 2270 0.273 0.20
ARMX 17.10 2205 0.279 0.21
E 25TV 21.35 1106 0.556 0.25

i3 21.35 450 0.500 0.30

24 HERRBESN

Table 4 Residual deformation parameters of materials

o a/% o s /% Cs
R 024 0.57 0 825 0.73
R¥2 0.36 0.79 0 869 076

E¥EE 0.56 0.42 0 825 0.40
T sH 0.56 0.42 0 8.25 0.40
BEHIK 0.74 043 0 9.55 0.38
BEHIX 0.72 0.96 0 9.34 037
BABIIX 0.69 0.53 0 9.12 0.35
$HLIRS 0.04 0.17 0 189 1.02

Bkt 0.04 0.17 0 18.9 1.02

16 KBURKXWE N R ERE S (BAL. mis®)

Fig.16 Distributions of the maximum horizontal
accelerations at the biggest section (unit: m/s%)

/. max(0.987)

min(-0.511)

H17 MHRAXARBLSE (B m)
Fig.17 Distributions of horizontal permanent
displacements (unit: m)
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Fig.18 Distributions of vertical permanent
displacements (unit: m)
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Fig.19 Distributions of cyclic strength safety factors of
core at the longitudinal section

6 & if

ET ABAQUS HRuHM, wElTHEAOSH
IR LRt MR R B ) 4 B P RS B
BB AP R FER: X LRI FRE T
I. FELEANBEBE, TANEKEHELE
¥, HUAMEHIBALH R AERAAZRE T ESEL
AMAHP NS E R B ABAQUS FHLILR H
THNEMBRTR. KA EOE T AT
B H SN —Hp AR RN RO EE
RAMP=EFE. A ENABRBAT T HH,
WEERYFELFHE, RULE KR, #
F ABAQUS BHTHAIKER. BhhHothREE
£, BiLAXTHE, AIRSFAH ABAQUS Hi/F
KOEETOE. ORISR Ju i) AL B D SRR
A, BT ABAQUS ¥RHETAMTEPHNA
il

B HIAM

1] EARFHEARNIE. SL274—200 MEXLAMB
THRR[S] bR PEAKFRIK R TR, 2002.

21 REARCMEAKRT. SL203-97 KTEAVHR
BIHATR[S). bR PEAR KB HARA, 1998

[3) Hibbitt, Karlsson & Sorensen, Inc. ABAQUS user's
manuals version 6.3[M]. Rhode Island: Hibbitt, Karlsson
& Sorensen, Inc., 2002,

[4] REH, TRR, FR, ¥. £ ABAQUS THELH
Duncan-Chang AH#jEIRI[J). # %, 2005, 25(7):

(B

(6]

|

(8]

9]

[10]

(11]

1032—1036.

XU Yuan-jie, WANG Guan-qi, LI lJian, et al
Development and implementation of Duncan-Chang
constitutive model in ABAQUS[J]. Rock and Soil
Mechanics, 2005, 25(7): 1032—1036. |

*fk, THW, EARFT. ABAQUS AR KMP
Duncan-Chang B K F R[] KILF#BRBER,
2005, 22(4): 45—47.

ZHANG Xin, DING Xiu-li, LI Shu-cai. Secondary
development of Duncan-Chang Model in ABAQUS
Software[J]. Journal of Yangtze River Scientific
Research Institute, 2005, 22(4): 45—47.

MR, T TREM). X P EARKSEHRM,
2007.

WAL, RRE. HEIEEATE=MARNAT]. &
+71%, 2007, 27(8): 1609—1614.

WEI Song, ZHU Jun-gao. Study on wetting behavior of
coarse grained soil in triaxial test[J]. Rock and Soil
Mechanics, 2007, 27(8): 1609—1614.

KRAMER S L, PAULSEN S B. Practical use of
geotechnical site response models{C)//Proceedings of
International Workshop on Uncertainties in Nonlinear
Soil Properties and their Impact on Modeling Dynamic
Soil Response. Berkeley: University of California, 2004:
162—165.

ZHANG J F, ANDRUS R D, JUANG C H. Normalized
shear modulus and material damping ratio relationships[J].
Journal of Geotechnical and Geoenvironmental
Engineering, 2005, 131(4): 453 —464.

WL, #RA. RAEEBHSI SRR KAKEH
#HH, 1996, (2): 143—150.

SHEN Zhu-jiang, XU Gang. Deformation behaviour of
rock materials under cyclic loading[J]. Hydro-Science
and Engineering, 1996, (2): 143—150.

IDRISS 1 M, SUN J I. User’s manual for SHAKES1[M].
Davis: University of California, 1992.



