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Studies on stress-strain equation of noncohesive soils obtained from
oedometer tests based on hypoplastic constitutive model

WANG Hong-bo', SHAO Long-tan’, ZHANG Xue-zeng’

(1. China Petroleum Pipeline Engineering Corporation, Langfang 065000, China; 2. State Key Laboratory of Structure Analysis for
Industrial Equipment, Dalian University of Technology, Dalian 116023, China; 3. China Petroleum Pipeline Bureau, Langfang
065000, China)
Abstract: According to the hypoplastic constitutive model, the stress-strain equation of granular materials could be obtained
from oedometer test. The determination of granulate hardness /i, and exponent n in a hypoplastic constitutive model was
investigated, and a hypoplastic constitutive model was presented based on hypoplasticity. According to hypoplasticity and
optimization, the authors put forward an improved method to determine the parameters of n and A, using iterative operation. The

further investigation of the equation showed that it could be used to determine stress-strain relation in oedometer test.
Key words: hypoplasticity; improved method; constitutive relations
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Fig. 2 Three-phase diagram of soil in oedometer test
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Fig. 4 Step of optimization
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Table 1 Controlling density

Wk B py Mg+ em”) HXSEE D,
1.564 0.33
FrfEnk 1.611 0.50
1.661 0.67
1.400 —
EH B 1.500 —
1.600 —
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F2m® (p,/(g+cm?))
Table 2 p, of loose sand /(g * cm %)

P/ kPa 50 100 200 400

e 0.900 0.8861 0.8695 0.8525
S; / mm 0.223 0.3670 0.5400 0.7170
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Fig. 5 Comparison between experiment and equation (10)

0.040 T T T T T T T T T
0.035+
0.030
0250+ o WK ]
= 0.200 —a T (10) -
0015 1
0.010F 4
0.005 1
D000— 1+ 1 L I L I
0 02 04 .6 0.8 1.0
PIMPa
(a) BHELTPHIELS gom®
0.030 —r r 1 ¥ r Tt T 1
0.250
0.200 A e
o iR
., 0015 o —AT(10) A
0.010
0.005
{).00H) L 1 I L L L L I L
0 0.2 0.4 0.6 0.8 1.0
PIMPa
(b)Y BB L 1116 glem®
0.030 T T T T T T T T T
0.250
0.200 - .
o iR
w D015 . 4
—L 7 (10)
0010 -
0.005 4
0.000 P S S T T S S S
00 0.2 ﬂ.“i L6 0.8 1.0
IMPa
Ce dhsnkd | ?Hfil 564 glem’
0.030 T T T LI e —
0.250 - 4
0.200 1
o iR
s 0015} — T (10) ]
0.010 .
0.005 1
0,000 S T T S T O T S
0.0 02 04 0.6 0.8 1.0

PIMPa
() Bsias | 1611 glem?

0.025 T T —T T T T T T

0.020 - b

0.015 - o WL
™ —a T (10)
0.010 1

0.005 | 1

00004« v
00 02 0.4 0.6 0.8 1.0
PIMPa
(e ) bR 151,661 glem?

E6 Hit tHMitHER
Fig. 6 The result of other samples
il 5 ArAA R A RS P
# 10> LRIER LB A HABRPFE)K
KA (10) WEERLFHYIS, WHE 6.

5 & &
(1) JETUIBPERE R LTy, HEG T 4R
RN NAE TR R ARG IR n

H b IR 5E Jridk o IXFP 7L RENERI LA 5 n A b, AR
A5t 5 (1 0 AR 5 R RS B e ) & R AT

(2) AICR ) AR Ty R iR A FURL AR A4 B '\l[/‘ 9’1”3
PEAKI B T ORI, PrRUE & T ER L,
AEIE T RvE £, XA PR i&’i?_l_i’ﬁ)ﬂl?_
VAPERLE A HES MG IE ML T AT a2

B3 3Lk

[1] KOLYMBAS D. Generalized hypoelastic constitutive
equation [M]// Constitutive Equations for Granular Non-
cohesive Soils. Balkema, 1988: 349 - 366.

[2] KOLYMBAS D. An outline of hypoplasticity[J]. Archive of
Applied Mechanics, 1991, 61: 143 - 151.

[3] WU W, BAUER E, KOLYMBAS D. Hypoplastic constitutive
model with critical state for granuar materials[J]. Mechanics
of Materials, 1996,23: 45 - 69 .

[4] GUDEHUS. A comprehensive constitutive equation for
granular materials[J]. Soils and Foundations, 1996, 36(1): 1
- 12.

[5] BAUER E. Calibration of a comprehensive hypoplasitc model
for granular materials[J]. Soils and Foundations, 1996, 36(1):
13 - 26.

[6] WOLFFERSDORFF P A von. A hypoplastic relation for
granular materials with a predefined limit state surface[J].
Mechanics of Cohesive-Frictional Materials, 1996, (1):251 -
271.

[71 HERLE 1, GUDEHUS G. Determination of a hypoplastic
constitutive model from properties of grain assembilies[J].
Mechanics of Cohesive-Frictional Materials,1999, 4(5):461
- 486.





