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Residual strength characteristics of landslide
clays with cementation

Motoyuki SUZUKI (Department of Civil Engineering)
Tetsuro YAMAMOTO (Department of Civil Engineering)
Shunsuke TSUZUKI (Graduate school of Civil Engineering)

This paper describes influences of normal stress, shear displacement rate, consolidation and shear stress histories
on residual strength of undisturbed and artificially cemented clays having cementation. A series of reversal box
shear tests was carried out on undisturbed and remolded samples of 3 landslide clays, remolded sample of kaolin,
remolded and intact samples of kaolin mixed with ordinary Portland cement. As a result, the residual strength of
the samples with cementation is as same as those without cementation. The residual strengths of the undisturbed
and the cemented samples, as well as the remolded sample, linearly increase with increasing the shear
displacement rate. The residual strengths of the undisturbed and the cemented samples are not affected by

consolidation stress history.
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Fig.2 Schematic diagram of shear behavior of soil with
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Table 1 Comparison between reversal box shear test

and ring shear test
Test Reversal box shear test Ring shear test
Item (RBST) (RST)
On
Shear mode @
) Quantity Little Much
Soil sample — -
Condition Remolded / Undisturbed Remolded
Increment of shear displacement Intermittent Continuous
Cross sectional area of specimen Changed Constant
Leakage of soil sample Little Much
Reorientation of platy soil particle Straight Circumferential
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Figs.3 Essential features of reversal box shear test apparatus
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Table 2 Physical properties of soil samples used o ‘ | Previous data
. T T T : Kaolin
- - - @ Landslide clay A
Soil samples Kaolin Landslide clay A Landslide clay B | Landslide clay C o M Landslide clay B
o (gem’) 2.618 2.687 2.677 2.833 9: 08| o A Landslide clay C
D,,(mm) 0.007 0.03 0.018 0.007 s ° o
D, (mm) 0.2 5.1 11.0 05 =
: =) L A
w (%) 62.0 34.4 91.3 33.2 éﬁ 0.6 %O@ (g) @)
Wo(%) 402 175 314 23.7 o o8 C@ 0% o o o 4
@ e}
I, 21.8 16.9 59.9 9.5 : 0.410 @& @ o O o
F (%) 35.3 25.5 45.5 44.5 3 o 0o © Q@ o%
F(%) 56.4 63.9 542 78.1 =t %3 o 0 o JRe
2 020000 O o 8 e
Soil classification MH CL CH ML ~ o O A0 %; .
éE%Qﬁ) A
(ofe) %
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Clay fraction Feiay (%)

100 — -
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Fig.4 Grading curve of soil samples used Figs.5 Relationship among clay fraction , plasiticity index
and residual strength

Table 3 Test case and initial condition of specimen for kaolin

S o A6
Item Test No.[ w,(%) (g/Fc)rlr(;3) ((%’) € (kP;) OCR (mm/amin) s
1-1 66.7 1.549 96.1 1.871 49 1 0.1 7
1-2 63.1 1.469 86.6 1.906 98 1 0.1 7
Normal stress 1-3 59.1 1.588 95.3 1.624 196 1 0.1 7
1-4 56.7 1.601 95.1 1.562 294 1 0.1 7
1-5 51.0 1.661 96.7 1.380 392 1 0.1 7
Amplitude of 2-1 65.9 1.586 97.9 1.804 98 1 0.1 3
displacement 2-2 66.5 1.613 100.0 1.768 98 1 0.1 7
3-1 64.2 1.595 97.8 1.760 98 1 0.02 7
3-2 62.0 1.619 98.8 1.683 98 1 0.05 7
3-3 64.6 1.616 100.0 1.730 98 1 0.1 7
3-4 62.5 1.619 99.1 1.691 98 1 0.2 7
Shear

displacement 3-5 62.5 1.613 98.5 1.700 98 1 0.5 7
rate 3-6 64.2 1.583 96.6 1.781 196 1 0.02 7
3-7 63.0 1.590 96.6 1.748 196 1 0.05 7
3-8 59.1 1.588 95.3 1.624 196 1 0.1 7
3-9 63.6 1.621 99.9 1.706 196 1 0.2 7
3-10 63.7 1.606 98.6 1.733 196 1 0.5 7
4-1 63.1 1.469 86.6 1.906 98 1 0.1 7
4-2 62.5 1.536 92.5 1.769 196 2 0.1 7
4-3 63.6 1.519 91.5 1.820 392 4 0.1 7
4-4 63.9 1.536 93.3 1.794 784 8 0.1 7
Consolidation 4-5 62.2 1.622 99.2 1.682 98 1 0.1 7
history 4-6 63.2 1.618 99.5 1.704 98 2 0.1 7
4-7 62.5 1.616 98.8 1.695 98 4 0.1 7
4-8 62.9 1.601 97.6 1.728 196 1 0.1 7
4-9 63.9 1.589 97.1 1.766 392 2 0.1 7
4-10 62.9 1.611 98.6 1.711 784 4 0.1 7
5-1 64.6 1.616 100.0 1.730 98 1 0.1 7
. 5-2 61.0 1.599 96.3 1.699 196 1 0.1 7

Shear history
5-3 64.2 1.584 96.7 1.780 392 1 0.1 7
5-4 63.1 1.587 96.3 1.756 784 1 0.1 7
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Table 4 Test case and initial condition of specimens for natural landslide clays

Test Samples Speciln?en w (%) P So . On ) ) D,
No. condition o (g/em?) (%) 0 (kPa) | (mm/min) | (mm)
6-1 18.4 1.951 784 | 0.630 98 0.02
6-2 Undisturbed | 19.1 1.975 827 | 0.621 196 0.02
6-3 19.1 1.944 794 | 0.646 294 0.02
6-4 | 19.2 1.964 81.8 | 0.630 98 0.02
6-5 | 19.1 1.975 827 | 0.621 196 0.02
6-6 | Landslide 175 1.918 727 | 0.646 294 0.02
| clay A 196
6-7 Remolded | 8.6 1.788 365 | 0632 | —147 0.1 0.425
—98
‘ 196
6-8 2.0 1.679 8.5 0.632 | —147 0.1 0.850
—98
7-1 288 1.773 815 | 0945 98 0.05
72 | Undisturbed | 29.5 1.879 935 | 0.845 196 0.05
73 | 298 1.819 87.6 | 0.909 204 0.05
74 30.6 1.814 88.4 | 0927 98 0.05
75 | Remolded | 30.6 1.851 921 | 0.889 196 0.05
76 | 30.6 1.860 931 | 0.880 204 0.05
7-7 | Landslide 28.5 1.851 89.0 | 0.859 196 0.02
7-8 | clayB | bed |22 1.879 93.5 0.845 196 0.05
7-9 24.0 1.888 84.7 0.758 196 05
7-10 | 27.7 1.825 84.9 0.873 196 1
7-11 32.4 1.833 93.0 0.934 196 0.02
7-12 30.6 1.851 92.1 0.889 196 0.05
Remolded
7-13 38.5 1.846 100.0 1.009 196 0.5
7-14 35.4 1.861 99.9 0.948 196 1
8-1 135 2.187 81.4 | 0471 98 0.1
82 | Undisturbed [ 13.8 2.149 78.1 | 0.500 196 0.1
8-3 | Landslide 12.6 2252 85.9 | 0417 294 0.1
84 | clayC 275 2129 | 100.0 | 0.697 98 0.1
85 | Remolded | 239 2.027 925 | 0.731 196 0.1
86 | 239 2119 | 100.0 | 0.656 294 0.1
Table 5 Test case and initial condition of specimens for kaolin with OPC
Test State of soil wo(%) 0w So o Oy é . t,
No. sample (g/em?) (%) (kPa) | (mm/min) | (days)
9-1 725 1.522 95.3 2.039 98 0.1 14
9-2 66.3 1.580 97.6 1.823 98 0.1 28
9-3 64.6 1.577 94.4 1.834 98 0.1 56
9-4 Kaolin 68.1 1.523 93.1 1.959 98 0.1 91
9-5 + 71.0 1.522 94.6 2.011 196 0.1 28
9-6 OPC 68.4 1.544 95.3 1.924 294 0.1 28
9-7 (Intact) 68.6 1.552 96.1 1.913 196 0.02 28
9-8 67.7 1.572 97.6 1.859 196 0.05 28
9-9 72.1 1.569 99.6 1.941 196 0.2 28
9-10 69.7 1.554 96.9 1.926 196 0.5 28
9-11 Kaolin 69.0 1.557 96.8 1.910 98 0.1 28
+
9-12 opc 69.5 1.574 98.8 1.886 196 0.1 28
9-13 | (Remolded) 65.7 1.542 93.6 1.880 294 0.1 28
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