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ABSTRACT
Received: April 20, 2020 Applying the limit state design method to geotechnical structures, accuracy and reliability of
Revised: April 23, 2020 its design are mainly affected by parameters for geotechnical site characteristics, such as unit

weight, Poisson’s ratio, deformation modulus, cohesion and frictional angle. When the
structures are located in weathered ground, especially, cohesion and frictional angle of
ground are closely related with decision of parameters for structures’ load and ground’s
resistance. Therefore, the accurate determination of these parameters, which are commonly
obtained from field measurement, such as borehole shear test, are essential for optimum
design of geotechnical structures. The 38 case studies, in this study, have been analyzed for
understanding the importance of these parameters in designing the ground structures. From
these results, importance of field measurement was also ascertained. With these evaluations,
an apparatus for determining the strength characteristics, which are fundamental in limit
state design (LSD) method, have been newly developed. This apparatus has an improved
function as following the ASTM suggestion. Through the field application of this apparatus,
the strong point of minimizing the possibility of error occurrence during the measurement has
been verified and authors summarized that the essential parameters for LSD can be
qualitatively obtained by this apparatus for determination of strength characteristics of
weathered ground.
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Fig. 2. Statistical analysis of measured cohesion value

Table 1. Summary of measured parameters for geotechnical site characteristics.

Layer Suggested value Range of Average Star.ldz.lrd Coefﬁ.cietnts of Number
by references measured value deviation variation of data
Unit weight (kN/m®)
Dredged soil 17.0~19.0 16.7~18.7 17.6 0.581 0.033 13
Clay 17.0~19.0 16.1~17.8 17.2 0.669 0.039 8
Alluvial ~ Sand 17.0~19.0 16.3~19.1 17.9 0.598 0.033 19
Gravel 18.0~19.0 17.3~19.6 18.5 0.666 0.036 10
Weathered soil 17.0~20.0 18.0~19.8 19.0 0.502 0.026 20
Weathered rock 20.0~22.0 19.4~22.0 20.7 0.841 0.036 27
Soft rock 23.0~25.0 23.3~28.2 25.7 0.903 0.035 114
Hard rock 24.0~27.0 25.0~27.9 26.4 0.588 0.035 177
Poisson’s ratio
Soft rock 0.25~0.30 0.18~0.34 0.27 0.035 0.132 78
Hard rock 0.20~0.25 0.16~0.35 0.24 0.037 0.156 113
Deformation modulus (MPa)
Alluvial Clay 2~24 0.7~9.0 3.9 1.898 0.477 22
Sand 10~55 20.1~67.6 42.8 16.732 0.391 8
Weathered soil 50~200 30.0~91.5 50.7 17.289 0.341 17
Weathered rock 100~200 68.7~794.0 3513 150.978 0.430 58
Soft rock 200~400 1,071.0~5,900.0 2,973.0 1,128.6 0.380 75
Hard rock 400~4,000 2,390.0~36,100.0 13,016.2 5,931.4 0.456 118
Cohesion (kPa)
Weathered soil <30 11.0~31.4 22.1 4.892 0.221 51
Weathered rock 100~300 19.5~37.0 30.3 3.781 0.125 48
Soft rock 300~600 5,800~35,200 17,581.8 7,518.3 0.428 22
Hard rock 400~2,000 4,000~38,100 20,963.4 7,634.6 0.365 82
Frictional angle (degree)
Weathered soil 25~30 22.4~34.0 28.4 2.646 0.093 68
Weathered rock 30~35 24.0~37.2 32.0 2.513 0.078 48
Soft rock 35~40 34.6~62.0 48.4 5.729 0.118 37
Hard rock 40~45 42.4~63.0 52.3 4.226 0.081 108
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Table 2. Comparison of parameters for geotechnical site characteristics by each suggested method

Layer Design value by Student (1908) by Ovesen (1995) by Schneider (1997)
Unit weight (kN/m®)
Weathered soil 19.00 18.80 18.82 18.75
Weathered rock 20.00 20.42 20.43 20.28
Soft rock 25.00 25.56 25.56 25.25
Hard rock 26.00 26.33 26.33 26.11
Poisson’s ratio
Soft rock 0.27 0.26 0.26 0.25
Hard rock 0.23 0.23 0.23 0.22
Deformation modulus (MPa)
Weathered soil 40.0 43.8 442 42.5
Weathered rock 300.0 365.8 366.3 3234
Soft rock 2,000.0 2,756.1 2,758.6 2,408.7
Hard rock 10,000.0 12,110.7 12,117.8 10,050.3
Cohesion (kPa)
Weathered soil 20.0 21.0 21.0 19.7
Weathered rock 30.0 29.4 29.4 28.4
Frictional angle (degree)
Weathered soil 30.0 27.9 27.9 27.1
Weathered rock 32.0 314 314 30.7
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(a) Shear plate (b) Stepping motor

Fig. 5. Photos of major parts of developed borehole shear tester

(b) Summary of test result

Fig. 6. Examples of developed S/W for borehole shear test
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Table 3. Summary of each method for borehole shear testing

Method A method* M method**
Borehole diameter NX (76 mm)
Boring method Anhydrous boring
Dimension of shear blate Area: 32.3 cm?, Wedge interval: 2.5 mm, No. of Wedge: 25
P (same to ASTM suggestion)
Shear plate step-up method Controlled by auto-program Manual handling
2 round/sec
Shear plate step-up speed 0.051 mm/s (theoretically 0.051 mm/s)
Normal stress loading method Controlled by auto-program
* A method: automatic mode.
** M method: manual mode.
Table 4= 37119] Al@-goll tisl] Z}2te] W o = 45k dulo|H, Fig. 72 @457 H5olth
Table 4. Results of borehole shear tests by automatic and manual methods
BO{\?;OIG Layer (GDS)-tr}rll) N-value Test method C(()E]e)il)o " FrlCth?:;l angle Experimenter
Weathered soil 8.3 1130 M 13.8 29.3
Weathered soil 8.5 A 16.8 28.8
Weathered soil 9.3 14130 M 18.2 27.2
BH.1 Weathered soil 9.5 A 18.1 27.5
Weathered soil 10.3 25130 M 194 28.7
Weathered soil 10.5 A 19.5 30.4
Weathered soil 11.3 M 21.8 30.1
. 38/30
Weathered soil 11.5 A 22.3 31.3
Weathered soil 8.3 13730 M 16.2 27.9
Weathered soil 8.5 A 16.4 28.3
Weathered soil 9.3 M 15.7 324
BH-2 . 19/30
Weathered soil 9.5 A 17.8 31.3
Weathered soil 10.3 M 19.2 31.1
. 29/30
Weathered soil 10.5 A 19.3 28.6
Weathered soil 9.3 1330 M 15.9 28.4
Weathered soil 9.5 A 17.6 30.1
Weathered soil 10.3 M 17.4 29.5
BH-3 . 22/30
Weathered soil 10.5 A 18.8 29.4
Weathered soil 11.3 M 20.1 314
. 43/30
Weathered soil 11.5 A 20.9 31.9
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(a) Setting the shear plate (b) Measuring the parameters

Fig. 7. Photos of borehole shear testing
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Table 5. Comparison of cohesion and frictional angle by each method

Range of Cohesion (kPa) Frictional angle (°)
N-value Range Ave. S/D Range Ave. S/D
Automatic method
N=15 16.8~18.1 17.2 0.768 27.5~30.1 28.7 1.090
15<N=30 17.8~19.5 18.9 0.759 28.6~31.3 29.9 1.176
N>30 20.9~22.3 21.6 0.990 31.3~31.9 31.6 0.424
Manual method
N=15 13.8~18.2 16.0 1.80 27.2~29.3 28.2 0.883
15<N=30 15.7~19.4 17.9 1.74 28.7~32.4 304 1.652
N>30 20.1~21.8 21.0 1.20 30.1~31.4 30.8 0.919
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