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INFLUENCE OF STRUCTURAL DAMAGE ON YIELDING
CHARACTERISTICS OF EXPANSIVE SOILS
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Abstract: By using CT-triaxial apparatus for unsaturated soils, compression tests under confined suction are
carried out with remolded expansive soils which are suffered from multi-drying-wetting cycles. The yielding
characteristics of expansive soils influenced by structural damage are researched from the viewpoint of meso-scale.
The results indicate that, yielding stress would drop off gradually while the level of structural damage increases.
Compression index before yielding stress appearing would increase slowly while damage level would increase
gradually. Based on the test data, the quantitative equations of structural parameters along with yielding stress
and macrovariable are employed for the Barcelona expansive model with structural damage.

Key words: soil mechanics; expansive soils; drying-wetting cycles; structural damage; yielding; structure
parameter; Barcelona expansive model
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Fig.1 Photo of sample #3 after the third drying procedure
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Table 1 State parameters of samples and test scheme

WA A TR LB TKE WA W IEKE
it lem® Jgecm %) 1% 1% /kPa 1R
0* 9500 1500 0.820 26,55 88.39 0 0
1" 8842 1637 0668 2163 88.39 50 1
2" 8982 1586 0721 2332 88.29 50 2
3* 9205 1569 0739 24.05 88.73 50 3
4* 9517 1506 0.813 2644 88.67 50 4
5% 9567 1505 0.814 2634 88.33 100 4

FioRe P3N 3y Gt n, ke 45 R g 734 v
J¥Hh 350 kPa, FEAE &gk e o il REdEA T
SR CT PREFFIH . WA A i T HE K ALK
10 0, LIRS N Tl R o, AR U,
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Table 2 Measured values and adjusted values of water
drainage from the test samples

A iLin) WA KIEAH ZEMH AHX R ZE

G /d fem® fem® Jem?® 1%
o 15 3.03 3.32 0.29 8.73
1# 10 2.09 1.96 0.10 5.10
2 12 3.73 3.95 0.21 5.32
3* 14 434 451 0.17 3.77
4 15 5.33 5.63 0.30 452
5 16 7.54 7.40 0.14 1.89
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Fig.2 CT-triaxial apparatus for scientific research
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Fig.3 Image of CT scanning positions
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Table 3 Parameters for CT scanning
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Fig.4 CT images of samples during different loading states
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Fig.5 CT images of sample #4 undergone drying-wetting

(b) b i

cycles of four times

K 6 Sy 4" PRI A AT A N [ CT 14
K. 25 kPa I T4t 2 AN 5 1K 4(e) 55—k K
BHILL, BAERRVILGBG 1 a, b A7 F A
TIERT, HEMATEH A FRREENAE. a
TR AR5 1 R b AT AP 5 2 2 BRI TR 3 S
AT AR N L e B, i FLE
RN 1, A % R B v T AR A [ 2 b
BEULE R R VR N g i b &, BAESR 3 I
JEHEBRAER T AR, XS REE A 5.

(b) b &
K6 ANRRES GBS R CT F1f %
Fig.6 CT images of sample #4 in different loading states
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Fig.7 Relationship between specific volume and net mean
stress with same suction and different cycle times
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Table 4 Values of stress yielding of every sample kPa

- Jei 73
A5 THIME
(1) (2 (©)]
o* 150.34 153.78 139.93 148.01
1* 134.58 145.94 122.35 134.29
2* 116.61 125.28 109.49 116.95
3* 94.25 100.75 91.97 95.73
4 82.14 86.12 82.11 83.46
5" 166.74 175.39 168.24 170.12
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Table 5 Values of soil parameters related to hydaustatic
triaxial compressure test

R IRAAAE SR AR
WHES S
Je e iy it i AlS) Bs)
0 —0.0741  —0.1542 0.008 8 —0.006 1
1 —0.0567  —0.0893 0.008 3 —0.0050
2 —0.0508  —0.1316 0.014 8 —0.009 6
3 —0.0648  —0.1366 0.0201 —0.014 6
4 —0.0942  —0.1344 0.023 6 —0.0153
5 —0.0557  —0.1715 0.0212 —0.0159
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Fig.8 Relationship of net mean stress with moisture content
and volumetric strain of same suction and different
cycle times
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Fig.9 Relationship between scanning data and net mean stress
with same suction and different cycle times
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Fig.10 Relationship curves of samples #4, #5 with same cycle
times and different suctions
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Fig.11 Relationship between scanning data and net mean
stress with same cycle times and different suctions
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Table 6 Structure parameters of every sample

W ME

g T me Mp m

7 IR JE R
0* 1553.32 1614.32 1.00 0.57 1.57
1 1542.86 1607.51 0.90 0.53 1.43
2* 1532.36 1597.79 0.81 0.47 1.28
3* 1515.01 1585.24 0.66 0.41 1.07
4* 1473.15 1568.13 0.30 0.35 0.65
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Fig.12 Curve of yielding stress with structure parameter m
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Table 7 Volumetric strain values of every sample

R e En &
o* 0.000 0.042 0.042
1* 0.079 0.036 0.115
2* 0.127 0.042 0.169
3* 0.158 0.039 0.197
4 0.167 0.050 0.217
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