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Abstract

This paper presents a numerical method for implementing a nonlinear constitutive material model
developed by Lade, into a finite element computer program.

The techniques used are based on the displacement method for the solution of axial symmetric
and plane strain nonlinear boundary value problems.

Laboratory behaviour of Baekma river sand(#40-60) is used to illustrate the determination of
the parameters and verification of the model. Computer procedure is developed to determine the
material parameters for the nonlinear model from the raw laboratory test data.

The model is verified by comparing its predictions with observed data used for the determination
of the parameters and then with observed data not used for the determination.

Three categories of tests are carried out in the back-prediction exercise; (1) A hydrostatic test
including loading and unloading response, (2) Conventional triaxial drained compression tests at
three different confining pressure and {3 A model strip footing test not including in the evaluation
of material parameters.

Pertinent observations are discussed based on the comparison of predicted response and experi-
mental data.
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¥ 2. Parameter values of Baekma river sand
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33 6. Model foundation forming frame.
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2] 7. Flexible foundation of the model strip foot-
ing.
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2] 8. Comparison of stress-strain responses of
hydrostatic compression test for Baekma
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2] 9. Comparison of stress-strain responses of
drained triaxial compression tesrs for Bae-
kma river sand(i 40-60).
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ting.
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AMEl 1. Displacement of the model strip footing.
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28 13. Vertical displacement of horizontal sur-
face for the model strip footing.
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strip footing.

Aska gk

6) ey

EEASA AN 3tFe] Fris vlEge] |
ol WYHW 7ixwe] Hsist F4E7) 12
Il A al2] BEAIE BH3} 7S] Wy
2Jg zpol7h Al&Et vehi AY Ftedle 7
T8 Fdo] AU

¢A gt deidlA AEe Fdste] dE ¥
eiet W FeE Jehd Fe] 1¥ 150tk 19
@@ ZEA stFo] Aete] g ¢ &
Aol Feg @33t Yehd Aoln IfHb)= F
AANZTE WedE 2 vebd Aeg % (@9
Bt M2 FAEE & 5 A

}..

A

6. d &

HAA7tA) AotE gaAdRd e 2 A2}
Eohn H7ER e Laded) H|HEFARES
gl 7)2Ae] AES HAEY] A8 FEa
A e NEste Wepd 2eol tig 23
71Z | utre] BHEW L FHNA AFAEES 3o
#BEX 9 dEFXE vastn gH 2FE F8 24
g 98 F U

D) EAwES 44 Taade sgste] #Wnp
Frdo) gt EAvNASE dFsia o] FA"
EAuj g AHEEte A& aka o] A3

& Add%e} vud vt w9 F& YXNE Holn

& EF di/fiFE A
o] HE WYL AL RYUERANY AgE
ANE Aibe 22§ 2ole Ao AR Aoz
G fede Bk

3 AFRA ol AFR ATHA Lade T
mdo] vt fEarsae A dndEFE A
datng o] Rulg Al AHg ¥ £ ULE
gelatAth

At 2

o] =EL 1991¥E RLER Y S TEA
%O AF-F R ) AA e AT
ot ATHUAS. ol st FAT H& 3t
AHE =g

= LI R

1. Druker, D. C., Gibson, R. E. & Henkel, D. J., “Soil
mechanics and work-hardening theories of plasti-
city”, Trans, Vol 122, 1957, PP. 333-345.

2. Roscoe, K. H, Schofield, A. N., and Worth, C.
P., “On the Yielding of soil”, Geotechnigue, Lon-
don, England, Vol. 8 No. 1, 1958, pp. 22-52.

3. Roscoe, K. H. and Poorooshasb, H. B,, “A theore-
tical and experimental sutdy of strain in triaxial
tests on normally consolidated clays,” Geotechni-
que, London, England, Vol. 13, 1963, pp. 12 - 38.

4. Roscoe, K. H. & Schofield, A. N., “Mechanical
behaviour of an idealized 'wet’ clay,” Proc. 2nd
European Conf. soil mech., Wiebaden, Vol. 1, 1963,
pp47 - 54.

5. Roscoe, K. H., Schofield, A. N. and Thrairajah,
A., “Yielding of clays in states wetter than criti-
cal,” Geotechnique, Vol 13, 1963, pp. 210 - 240.

6. Roscoe, K. H. & Burland, J. B., “On the generali-
zed stress strain behaviour of ‘wet’ clay”, Enginee-
ring Plasticity, Cambridge University Press., 1968,
pp. 535-609.

7. Schofield, A. N. and Wroth, C. P., “Critical state
soil mechanics”, McGraw-Hill Book Co. Ltd. Lon-
don, England. 1986.

8. Onhta, H. & Hata, S., “On the state surface of

KR AB AR



10.

11.

12.

13.

14

15.

H134E H29%-19934% 5 A

anisotropically consolidated clays,” Proc. of JSCE,
No. 196, DEC., 1971, pp. 117-124.

. Sekiguchi, H., “Rheological cheogical characteris-

tics of clays”, Proc. 9th ICSMFE, Tokyo, 1977,
pp. 289-292.

Sekiguchi, H., and Ohta, H. C., “Induced anisot-
ropy and time dependency in clays”, Proc. Specia-
lity session 9, 9th, ICSMFE, Tokyo, 1977, pp. 229-
238.

Kondner, R. L., “Hyperbolic Stress-Strain Respo-
nse :Cohesive Soils”, Journal of the Soil Mechanics
and Foundations Division, ASCE, Vol. 89, No. SM
1, 1963, pp. 115-143.

Duncan, M. J., & Chang, C. Y., “Nonlinear analy-
sis of stress and strain in soil”, jowrnal of the
Soil Mechanics and Foundations Division, ASCE,
Vol. 96 No. SM5, 1970, pp. 1629-1653.

Duncan, J. M., & Clough, R. W, “Finite element
analysis of retaining wall behaviour”, Journal of
the soil mechanics and foundations Division,
ASCE, Vol. 97, No. SM12, 1971, pp. 1657-1673.
Lade. P. V. & Duncan, J. M., “Elastoplastic stress-
strain theory for cohesionless soil”. Journal of the
Geotechnical Engineering Division, ASCE, Vol.
101, No. GT10, 1975, pp. 1037-1053.

Lade, P. V., “Elasto-plastic stress-strain theory for
cohestonless soil with curved yield surfaces”, Int.
J. Solids and Structs, Pergamon press Inc. New

16.

17.

18.

19.

20.

21.

22.

—265—

York, Vol. 13, 1977, pp. 1019-1035.
Lade. P. V., “Prediction of undrained behavior
of sand”, Journal of the Geotechnical Engineering
Division, ASCE, Vol. 104, No. GT6, 1978, pp. 721-
735.
Lade. P. V. & Nelson, R. B., “Incrementalization
Procedure for elasto-plastic constitutive model
with multiple, intersecting yield surfaces”. Inter-
national Journal for numerical and analytical Me-
thods in Geomechanics. Vol. 8, 1984, pp. 311-323,
Lade, P. V., “Three-Dimensional behavour and pa-
rameter evaluation of an elastoplastic sotl model”,
Geomechanical Modeling in Engineering pratice,
1986, pp. 297-311.
Faruque, M. O., & Deasi, C. S, “Implementation
of a general constitutive model for geologecal
materials”, International Journal for numerical and
analytical Methods in Geomechanics. Vol. 9, 1985,
pp. 415-436.
G, cdekAinte] vy g 2atlny A
ARAF", dAdoidta, AArereeE, 1991
olgA, FHE,  7lZolz) Awke] HF o
et A7 HHERHI=RY A1l 13
1991, pp. 167-176.
sy 7], AR, v, v, “Ade] uE o
FE Autel Wy 4 A UHERYY =
23, Al12¥ A23. 1992, pp. 205-215.

(% 11993, 3. 10)





