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The shear strength has been managed as an important factor in soil mechanics. The shear strength estimation
model was developed to evaluate the shear strength using only a few soil properties by the linear regression analysis
model which is one of the statistical methods. The shear strength is divided into two part; one is the internal friction
angle (¢) and the other is the cohesion (c). Therefore, some valid soil factors among the results of soil tests are
selected through the correlation analysis using SPSS and then the model are formulated by the linear regression
analysis based on the relationship between factors. Also, the developed model is compared with the result of direct
shear test to prove the rationality of model. As the results of analysis about relationship between soil properties and
shear strength, the internal friction angle is highly influenced by the void ratio and the dry unit weight and the
cohesion is mainly influenced by the void ratio, the dry unit weight and the plastic index. Meanwhile, the shear
strength estimated by the developed model is similar with that of the direct shear test. Therefore, the developed
model may be used to estimate the shear strength of soils in the same condition of study area.

Key words : shear strength, friction angle, cohesion, linear regression analysis, correlation analysis, estimation
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Fig. 1. Failure criterion by Mohr-Coulomb.
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Fig. 2. Geological map of the study area.
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Table 1.
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Physical and engineering properties of sampled soils in the study area.

Atterberg limits(%)

Unit weight(g/cm?) shear strength

Sample
No.

Gs

w —————— Dy

) 1L

PL

PI

(cm)

G

USCS

e

n
(o)

Wet

Sat.

dry

(cm/sec)

f

4

) (kgfom?)

JB-01
JB-02
JB-03
1B-04
1B-05
1B-06
JB-07
JB-08
1B-09
JB-10
JB-11
JB-12
1B-13
JB-14
IB-15
IB-16
JB-17
JB-18
JB-19
JB-20
1B-21
JB-22
JB-23
JB-24
JB-25
1B-26
1B-27
JB-28
1B-29
JB-30

2.63
2.65
261
261
2.62
2.63
2,65
2.59
2.61
2.59
2.60
2.58
2.58
2,62
2.60
2.61
2.64
2,61
2,65
2.58
2.62
2.62
2.62
2.63
2.66
2,67
2.65
2.63
2.63
2.59

23.40 31.52
25.03 31.38
24.69 23.45
11.33 3743
15.65 40.33
18.81 28.66
25.67 25.73
2747 31.75
9.11 2936
14.94 31.30
18.91 32.77
15.58 28.76
6.03 26.18
28.06 30.37
34.54 38.15
20.13 35.31
10.97 47.01
7.31 33.77
830 2628
3.21 4038
15.97 31.29
8.63 3129
15.72 28.15
8.70 2694
21.56 28.76
22.69 36.42
10.68 29.21
13.34 33.34
16.73 34.81
8.46 2928

15.67
18.59
14.96
20.68
2225
15.95
13.29
17.16
14.90
14.61
20.23
13.76
13.06
19.63
22.61
26.74
3241
21.75
12.35
2235
16.22
17.52
14.42
11.70
19.11
26.80
17.22
20.14
2220
16.79

15.85
12.79
8.49

16.75
18.07
1271
12.44
14.60
14.47
16.69
12.54
15.00
13.11
10.74
15.54
8.57

14.61
12.02
13.92
18.03
15.07
13.77
13.74
1525
9.65

9.62

11.99
13.20
12.61
12.49

0.019
0.023
0.014
0.011
0.016
0.010
0.018
0.020
0.009
0.021
0.014
0.016
0.021
0.013
0.014
0.010
0.026
0.008
0.023
0.013
0.015
0.018
0.015
0.012
0.011
0.020
0.014
0.016
0.009
0.010

7.0
7.1
72
7.5
11.5
6.2
6.3
6.1
7.6
6.8
94
6.1
8.1
6.6
10.1
59
5.8
6.3
9.9
7.5
7.1
12.6
9.7
5.2
10.6
6.6
6.2
7.9
6.9
129

1.6
1.1
1.2
1.0
1.7
1.1
1.5
1.2
1.1
1.1
1.3
1.5
1.1
1.4
0.8
1.0
1.3
1.2
1.5
1.1
1.4
1.6
1.5
1.0
1.3
1.6
1.4
12
0.9
1.5

SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW-SC
SW
SW-SC
SP-SC
SP-SM
SP-SM
SW-SC
SW-SC
SW-SC
SW-SC
SW-8C
SW-8C
SP-SC
SW-SC
SW-SM
SW-SC
SW-SC
SP-SC
SW-SC

1.09
1.13
1.24
0.85
0.67
0.92
1.07
1.23
0.86
0.74
0.95
0.75
0.86
1.43
1.39
1.06
0.67
0.78
1.01
0.75
0.58
0.71
0.99
0.75
1.26
113
0.94
0.95
0.82
0.80

52.11
53.04
5533
45.98
40.09
47.90
51.66
55.07
46.36
42.54
48.77
42.71
46.28
58.80
58.19
51.44
40.04
43.91
50.16
42.82
36.58
41.68
49.83
4292
55.81
53.02
48.43
48.76
4493
44.50

1.55
1.55
1.45
1.57
1.81
1.63
1.61
1.48
1.52
1.71
1.58
1.71
1.47
1.38
1.46
1.52
1.75
1.57
1.43
1.52
1.92
1.66
1.52
1.63
1.43
1.54
1.51
1.52
1.69
1.56

1.78
1.77
1.72
1.87
1.97
1.85
1.80
1.71
1.86
1.91
1.82
1.90
1.85
1.67
1.67
1.78
1.98
1.90
1.82
1.90
2.02
1.94
1.81
1.93
1.73
1.78
1.85
1.83
1.90
1.88

1.26
1.24
1.16
1.41
1.57
1.37
1.28
1.16
1.40
1.49
1.33
1.48
1.38
1.08
1.09
127
1.58
1.46
1.32
1.47
1.66
1.53
1.31
1.50
1.18
1.25
1.37
1.35
145
1.44

2.23E-02
3.45E-02
1.29E-02
2.40E-03
3.48E-03
3.05E-03
2.08E-02
2.95E-02
2.15E-03
1.08E-02
1.03E-02
3.72E-03
2.39E-02
2.79E-02
2.56E-02
3.75E-03
2.31E-02
1.23E-03
2.93E-02
2.89E-03
2.05E-03
6.91E-03
1.68E-03
2.76E-03
1.33E-02
3.16E-02
9.45E-03
1.38E-02
3.12E-03
2.89E-03

315
30.2
30.9
338
353
33.0
314
30.6
326
348
321
349
333
29.0
293
312
358
34.0
321
350
363
35.1
31.8
345
29.5
29.8
336
326
331
342

0.048
0.052
0.066
0.044
0.025
0.030
0.062
0.051
0.029
0.031
0.039
0.030
0.032
0.060
0.045
0.070
0.036
0.037
0.048
0.026
0.024
0.031
0.028
0.036
0.064
0.044
0.030
0.054
0.027
0.040

Gs, density; w, natural moisture content; LL, liquid limit; PL, plastic limit; P, plasticity index; Dy, effective size; C,, uniformity
coefficient; C,, coefficient of gradation; USCS, unified soil classification system; , void ratio; », porosity; k, coefficient of per-

meability; ¢, friction angle; ¢, cohesion.
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Fig. 3. Classification by USCS of sampled soils from the
study area: SW, well graded sands; SW-SC, well graded
sands to clayey sands; SW-SM, well graded sands to silty
sands; SP-SC, poorly graded to clayey sands; SP-SM,
poorly graded to silty sands.
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Fig. 4. Grain sizes distribution by the triangle diagram of
sampled soils from the study area.

& ¢ & At ol AFARAEE B A=AS
A1&A] Mohr-Coulomb®] )¢l we} AT Fe)
HPAAY yhe] A& AR AFd 2 71
718 AGAFLo =, FASHe] wHE FAHo= F
SReElM 71dEke Aol A1 7187 & Ad
Agtzto] IH FA-He] AH o FolP oz A
AEx ZopR)7] i o)L A% wHHE FAE
e 202 . 28y Fig 65 7] AXHE
WPEoE Hol Aizgoz vy AAEY ddsle
Fa7t 3ls # ofE} AlRe] Bl ule) e
277} gelA)y] wie] vsed) AgAddtte s H3t
HE gl #E5ge] Stk wEky AFEE A
3l Bl o] 8= BEAURR: ATt cxlek=

3 AgsAMey s 181
1.00E-01
345E-02
—~ I 1
[&]
2
o ovm————
> 1.00E-02 I 127E-02
= [ ]
=
£
(5]
m I
| 120
1.00E-03

Fig. 5. permeability coefficient of sampled soils from the
study area.
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Fig. 6. Relationship between cohesion and friction angle
of sampled soils from the study areas.
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Fig. 7. Relationship between void ratio, unit weight and friction angle of sampled soils from the study areas: (a), void ratio
and friction angle; (b), unit weight and friction angle.
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Correlation analysis of shear strength
and characteristics of soils

I

Variable sorting of high correlation
relation

Linear regression analysis between
selected Variable and shear strength

l

Error exclusion through residual
analysis

|

Model's explanatory-power distinction

1

Model's analysis and completion

. 10. The flow chart of statistical analysis.
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Table 2. Pearson cotrelation and significance,

. . Angle of . . Angle of
Variable Correlation shearing resistance Variable Correlation shearing resistance
Pearson correlation Pearson correlation
Friction angle coefficient 1.000 Liquid limit coefficient 026596
Significance Significance 0.19877
Pearson correlation Pearson correlation
density coeficient -0.32046 Plastic limit coefficient -0.03063
Significance 0.11833 Significance 0.88444
Pearson correlation Pearson correlation
Moisture content (%)  coefficient 077845 Plasticity index  coefficient 055799
Significance 4.60E-06 Significance 0.00375
Pearson correlation Pearson correlation
Void ratio coefficient 0.96495 Gravel (%) coefficient 016514
Significance 6.99E-15 Significance 0.43019
Pearson correlation Pearson correlation
Porosity (%) coefficient -0.97399 Sand (%) coefficient -0.18972
Significance 1.11E-16 Significance 0.36371
Pearson correlation Pearson correlation
i i . . 7 A 0.03218
Wet ?;:mvgslght coefficient 0.77596 SiltClay (%)  coefficient
Significance 5.16E-06 Significance 0.87863
Saturation unit weight chofgiﬂmm 0.95644 D,y ) Pw&?&ﬁ‘m“ 0.08851
3 10
(glom’) Significance 8.63-E14 Significance 0.67395
. ) Pearson correlation Pearson correlation
Dry (1;1/1(1:11‘l \;x;elght coefficient 0.96433 Cu coefficient 0.07385
Significance . 8.77E-15 Significance 0.72572
Pearson correlation Pearson correlation
. -0.60915 . 0.20382
Permeability (g/em®)  coefficient Cg coefficient
Significance 0.00123 Significance. 0.32845
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Table 3. Pearson correlation and significance.
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Fig. 11. Comparing the estimation model with frictior
angle result by direct shear test.
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Fig. 12. Comparing the estimation model with cohesior
result by direct shear test.
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