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Effect of Coarse material on the mechanical properties of soil

Eil b5 . it —**
Yoon, Choong Sup - Kim, Ho Il
Summary

The study was carried out for the strength parameter of coarse grained soil and slope
stability analysis of earth dam. The test samples were taken fifteen kinds of soil from cohe-
sive soil to coarse gravel.

The degree of compaction of test samples for shear test and permeability test was chosen
95 percentage of maximum dry density.

The results of this study are as follows ;

1. The maximum dry density(Yd) of coarse grained soil increase in proportion to coarse
particles(P) with the relation of Y¢=1.609+0.0043P.

2. The coefficients of permeability(k) decrease by the increase of fine particles(n) with
the relation of k=0.0426e 18

3. The cohesions of soil decrease by the increase of coarse particles, but internal friction
angles are more increased in same condition.

4. The internal friction angles(¢) decrease in inverse proportion to void ratio(e) with the
relation of ¢=73.068—69.268e. .

5. The strength parameters(Ct, cbt) by triaxial compression test are clearly smaller than
that (C,, ¢d) by direct shear test in fine grained soil, but the differences between both pa-
rameters are a little in coarse grained soil.

The relations of both parameters are as follows ;
C,=0544C,4 +0.044
o, = 1.282¢4—23.06

6. In cohesive soil, the strength parameters(C,, ¢p) by large size shear test apparatus are
similar to the strength parameters(Cs,q)S) by small size shear test appratus, but C, and &
values are larger than Cy and ¢, values from 10 percentage to 20 percentage in coarse grai-
ned soil. _ ; ‘

7. The fine grained soil is inappropriate to high dam more than 20 meters and it must

be taken coarse grained soil with high internal friction angle for high dam.
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Table-1. Pysical properties of soil.

. Gradation (%)
Soil

Consistency(%)

Compaction

C|[M]|S G |[C+M|S+G | LL

G USs.C
Pl s vagtien | @ % 4ygfon

l-a | 32.0( 47.2120.8 0| 792 208]| 402} 20.9| 19.3] 2.667 CL 1.693| 19.2{ 2.018

1-b | 256| 378|166 | 200 634| 366] —| —| —| 2650 CL 1.790| 15.8] 2.037
l-c | 19.2| 283|125 40.0| 475 525 —| —| —| 2632 GC 1.855) 14.2( 2.118
1d | 128| 189| 83| 60.0( 31.7| 683] —| ~| -1 2615 GC 1925| 125| 2.166
l-e 64 95| 41| 800 159| 84.1| -—| —| -—| 2597 GC 19921 10.7| 2.205

2-a | 240| 30.7| 453 0| 54.7| 45.3] 353| 24.8| 10.5] 2.655 ML 1781 16.1| 2.068

2b | 1921 245|363 | 200 437| 563 ~—| —| —| 2640 SM 1.830| 15.0( 2.104

2-c | 144| 184|272 | 400! 328 672 - - ~| 2625 GM 1.874| 134| 2.125

2d 96| 123|181 | 60.0( 219| 781} | —| —| 2610 GM 1926} 121 2.159

2-e 48 6.1} 91| 800 1:09| 891 -— - —1 2595 GP-GM 1980 11.2( 2.202

3-a 60| 8.7|853 01 147| 853 NP 2.648 SM 1960| 11.5( 2.185
3-b 48| 69683 | 200 11.7| 883 — —| -] 2634} SW-SM 1985 109 2.201
3-c 88| 52512 400 88| 912 -— —-| —1 2621] SP-SM 2011 10.3| 2.218

3-d 24| 35]34.1( 60.0 59 941 - - —| 2607] GP-GM 2020| - 9.7) 2216

3-e 12! 17(175]| 80.0 291 971 —| —| - 259 GP 2.040 9.3| 2.230
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o) GAKRS 95%2 = A7 AMH Yo oS AR 5% WEE ThAAM HEBA

& BN E WERKROIY HAARE Bt Rass s

o BEE 95%°) HARZ Eich ol (D=95%) %& kel HBRFE IAL
HERBAREE HAMBAN K 95 K, BT, ERE Table-29t 2t

% BERES) SkiE HAPENE BEE |

Table-2. Mechanical properties of soul.

Test Condition Direct Shear Triax. Comp. .
. Permeability
Soil (D=95%) S. Type L. Type S. Type L. Type )
Ya 0] Yt e Cis |Oas | Ca [0a ]| Cs | ds | Cu | Oa k (cm/sec)
g.f/ent % g.f/ent kg.f/em o [kg.f/cal o | kg.f/en ° | kg.f/cnt °

l-a | 1.608 | 232 | 1.981 | 0659 | 0.39 | 28 | 040 | 29 [ 028 | 13 | 0.24 | 12 | 3.63X1077
1-b | L700 [ 200 | 2.040 | 0.559 | 0.38 | 36 | 039 | 38 } 027 | 25 | 0.23 | 23 | 8.98X1077
l-c [ 1762 | 176 | 2.072 | 0494 | 036 | 42 | 035 | 40 | 025 | 31 | 0.22 | 29 | 4.88X107°
1d | 1829 | 154 | 2111 | 0430 | 028 | 45 | 026 | 48 ] 023 | 33 | 0.21 | 35 | 3.96X107*
le | 1.892 | 144 | 2164 | 0373 | 0.19 | 50 [ 023 | 51 | 0.21 | 36 | 0.20 | 38 | 1.90X1073
2-a | 1692 | 192 | 2017 | 0569 | 026 | 33 | 022 | 26 | 018 | 17 | 0.15 | 15 | 1.20X10°¢
2-b | 1739 | 179 | 2.050 | 0518 | 024 | 39 | 020 | 32 | 0.16 | 23 | 0.14 | 20 | 6.67X10°®
2-c | 1.780 | 169 | 2.081 | 0475 | 020 | 43 [ 016 | 39 | 0.15 | 32 | 0.13 | 20 | 3.36X1073
2-d | 1.830 | 14.8 | 2.101 | 0426 | 0.18 | 46 | 0.15 | 45 | 0.14 | 40 | 0.12 | 38 | 1.78X107®
2-e { 1881 | 142 | 2.148 | 0380 | 0.16 | 51 | 0.15 | 50 | 0.13 | 49 | 0.11 | 48 | 7.70X107®

3a | 1862 | 129 | 2102 | 0422 [ 021 | 37 | 0.14 | 36 | — - - — | 7.53X107*
3-b | 1886 | 126 | 2124 | 0397 | 0.14 | 42 | 0.08 | 41 | — - - - | 359X1073
3¢ | 1910 | 123 | 2145 | 0372 | 0.09 | 46 | 0.06 | 43 | — - - | — | 769X107?
3d [ 1919 | 117 | 2144 | 0359 | 007 [ 49 [ 005 | 48 | — - - — | 255X107?
3-e | 1938 | 113 | 2157 | 0.338 | 006 | 50 | 0.04 | 51 | — - - - | 3.71X107?
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Table-3. Comparison of direct shear test and

triaxial comp. test.

Direct Triax.
Soil | Gravel | Shear(a) Comp.(b) b))

C [0} C o} C | o
kg.f
kg.f/cm e kg .t/cnt | jomt| %
l-a 0 (040 29 026 | 13 | 65 | 45
1-b 20 1038 37 [025( 23 | 66 | 62
1-c 40 036 | 41 | 024 | 30 |68 | 71
1-d 60 10271 47 (022 ] 34 |74 | 72
1l-e 80 021 50 [020| 37 |95 | 74

75 | 65
mean 79) 1 (72)

2-a 0 1024 29 017 | 17 | 70 | 59
2-b| 20 |021| 35 |0O15| 22 |71 | 63
2c| 40 019 42 [014 | 31 |74 | 74
2-d| 60 1017 | 46 |013| 40 | 76 | 87
2-e | 8 015 51 012 | 49 |80 | 96

74 | 76
mean an | @6)
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Table-4. Ratio of small type test and large
04 type test.
(a) Cohesion
. Direct Shear Triax. Comp
< o03f Soil
g O C o C o
g 1-a 0.98 0.97 117 1.08
2 o2t 1-b | 097 105 117 1.09
% 1< | 102 105 114 107
o1k C=0544 Cq+0.044 1-d 1.07 0.94 1.10 0.94
(r=093) 1-e 0.88 0.98 1.05 0.95
. . ‘ L mean | (098) | (100) | (1L13) | (1.03)
0.1 02 03 04 05 2-a 118 1.27 1.20 113
Cq Value (kg.f/crl) 2-b 1.20 1.22 114 1.15
2-c 125 115 115 1.10
S0F (b) Friction angle
K 2-d 1.20 1.02 117 1.05
$=1.282 04— 23.06
(1= 0.94) 2-e 1.07 1.02 118 0.98
aor mean | (L18) | (114) | (117 | (1.08)
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Table-5. Minimum slope (Ver. Vs. Hor.).

H 20m 30m
ype Upstream Down Stream Up stream Down Strem
Soil (drop down) Cor. type Hom. type | (drop down) Cor. type Hom. type
CL 2.6 2.3 25 >35 25 2.6
ML 34 2.6 3.0 >35 2.8 >3.0
SM 2.8 19 26 >35 2.1 2.7
SP-SM 2.2 15 21 29 1.7 2.3
GC 19 <15 1.7 24 <15 20
GM 2.0 <15 19 2.7 <15 2.1
GP 19 <15 18 25 <15 19
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