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ABSTRACT The shear strength of soils is a crucial parameter in stability analysis. Therefore it is important to determine reliable values for the accuracy of stability analysis. Direct shear tests are mostly performed to determine the shear strength of cohesion less soils. The major limitation of the direct shear test is that the failure takes place through the pre-defined failure plane but the failure is not along pre-defined plane and is along the weakest plane in actual shearing mechanism that goes on in the field. This leads to overestimating the strength parameter; hence a new apparatus called Simple Shear is developed and used in this study to determine the shear strength parameter that simulates the field conditions. 
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INTRODUCTION 
The shear strength is of special relevance among geotechnical soil properties because it is one of the essential parameters for analyzing and solving stability problems such as (calculating earth pressure, the bearing capacity of footings and foundations, slope stability, stability of embankments and earth dams). Among other apparatus in determining the shear strength of soils, This paper presents a description of the performance for testing strength properties of soils with direct shear box and simple shear box. The objective is to evaluate the internal angle of shear resistance from both the apparatus and deduce if a variance is occurring. Further work shall aim at finding out reason for variations by studying the strain distribution in the direct shear and the simple shear box. A comparison shall be made and a relationship between these stains and the angle of shear resistance shall be analyzed. The theory and measurement of shear strength of unsaturated soils have gained increasing attention.
BACKGROUND:
The direct simple shear (DSS) apparatus was developed in the 1960's by Landva and Bjerrum 
And has since then been extensively used throughout the world. Simple shear testing is relevant and useful in the investigation of stress-strain-strength relationships for a range of soil types.  The determination of shear strength parameters is of importance in geotechnical engineering. They are of direct application in slope stability evaluation engineering properties of soil 
deposits, which contain pre-existing shear surfaces, and in the assessment of 
the risk of progressive failure in stability problems (Bishop, 1971). The direct Shear Box and the simple shear apparatus permit to assess these parameters. 

METHODOLOGY:
To study the actual shearing mechanism and the strength parameters, a new simple shear apparatus was developed. The apparatus consists of 8 plates that can slide over each other, four rods that constrain the motion of these plates to desired extent. Simple shear box is more suitable for evaluating ground response which gives a fairly good and accurate estimate of strength parameters. The main mechanism is derived from direct shear box and focuses on the shearing. In direct shear an assumption of expecting the same behavior in in-situ as in lab. To stimulate the field conditions, this apparatus has been modified by reducing the thickness and of increasing the number of plates.
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Fig: Top view of simple shear box
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    Fig 1(a): Simple shear box before test














Fig 1(b): Simple shear box after the test.
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Fig 1(c): Horizontal displacement of slices.
(All dimensions are in mm)

TESTING:
The soils samples were tested in both the apparatus at different normal stresses i.e. at 24.52, 49.04, and 99.07 kPa. The samples along were mounted on the shearing apparatus and were tested for their shear strength characteristic at different levels of normal stresses. The apparatus had two dial gauges. One measured the vertical displacements with a least count of 0.01mm and the other measured the horizontal displacements with a least count of 0.01 mm. Thus the shear stress and vertical displacement corresponding to the horizontal displacement were measured. During the testing the following parameter was also measured and recorded in an output files with various relative densities, Fig1(a) and Fig(b) shows the comparison of varying of angle of shearing resistance for sand in direct shear test and simple shear test for various relative densities.
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ANALYSIS OF RESULTS AND DISCUSSIONS: 

(a) Shear stress Vs Normal stress.



Fig: 2 Shear stress Vs Normal stress for sand ID=35%




Fig: 3 Shear stress Vs Normal stress for sand ID=50%


Fig: 4 Shear stress Vs Normal stress for sand ID=65%


Fig: 5(a) Horizontal Displacement and Vertical Displacement for sand-ID=35% Direct shear tests



Fig: 5(b) Horizontal Displacement Vs Vertical Displacement for ID=35% Simple shear test.


Fig: 6(a) Horizontal Displacement Vs Vertical Displacement for sand –ID=50%, Direct Shear test.

Fig: 6(b) Horizontal Displacement Vs Vertical Displacement for ID=50%, Simple Shear test.


Fig: 7(a) Horizontal Displacement Vs Vertical Displacement for ID=65%, Direct Shear Test.



Fig: 7(b) Horizontal Displacement Vs Vertical Displacement for ID=65%, Simple Shear Test.


Comparison of Angle of shearing resistance with different ID .
	RELATIVE DENSITY(ID)%
	ANGLE OF SHEARING RESISTANCE 

	35
	35.5

	50
	41.7

	65
	42.9


Table: 8 (a) Direct Shear Test
Table: 8(b) Simple Shear Test.
CONCLUSIONS:
	RELATIVE DENSITY(ID)%
	ANGLE OF SHEARING RESISTANCE

	35
	30.3

	50
	35.1

	65
	40.5


The simple shear test shows the reduction in shear strength of soil as compared to the direct shear test. This can be reason because in direct shear test the whole sample is not sheared. As, in the simple shear test the whole sample is getting sheared. The reason for this is because of fact that we are shearing the sample in pre-defined failure plane of failure. This is not case with simple shear test. The failure surface in direct shear box is pre-defined and soil is not allowed to fall in any other planes, where as in simple shear test failure surface is not defined and soil will fail in the plane of weakness. From results it can be concluded that direct shear test will overestimate the strength parameters. The actual mechanism of failure of a soil mass in shear is somewhat closer to mechanism of simple shear test and results achieved from simple sear test are more accurate and more relevant to the   actual failure of soil mass in shear. Thus, it can be concluded that simple shear test gives a better estimate of strength parameters than direct shear test.
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Direct shear test	0	24.52	49.04	98.07	0	24	47	96	Direct simple shear test	0	24.52	49.04	98.07	0	20	37	86	Normal stress, σ, kPa

Shear stress, τ, kPa 


24.52	0	1	2.2000000000000002	3.5	4.5	0	8.0000000000000043E-2	0.23	0.48000000000000032	0.69000000000000061	49.04	0	1	2.2000000000000002	3.5	4.5	0	-0.05	0.12000000000000002	0.38000000000000522	0.56000000000000005	98.07	0	1	2.2000000000000002	3.5	4.5	0	-0.15000000000000024	-8.0000000000000043E-2	8.0000000000000043E-2	0.3300000000000059	Horizontal movement, mm

Vertical movement, mm


24.52	0	1	2.2000000000000002	3.5	4.5	5.3	0	8.0000000000000043E-2	0.23	0.48000000000000032	0.69000000000000061	0.9	49.04	0	0.8	1.8	3.2	4.5	5.4	0	-3.0000000000000002E-2	1.0000000000000005E-2	0.17	0.30000000000000032	0.56999999999999995	98.07	0	0.60000000000000064	1.3	2.4	3.8	4.9000000000000004	5.9	0	-2.0000000000000011E-2	-0.05	-9.0000000000000024E-2	0	0.11	0.23	Horizontal movement, mm

Vertical movement, mm


24.52	0	1	2.2000000000000002	3.6	4.3	0	0	0.36000000000000032	0.63000000000001022	0.9	49.04	0	1	2.2000000000000002	3.6	4.3	0	-2.0000000000000011E-2	0.30000000000000032	0.61000000000000065	0.82000000000000062	98.07	0	1	2.2000000000000002	3.6	4.3	0	-0.1	0.1	0.34	0.58000000000000007	Horizontal movement, mm

Vertical movement, mm


24.52	0	1	2.2000000000000002	3.6	4.7	5.8	0	0.05	0.37000000000000038	0.66000000000001224	1.1000000000000001	1.4	49.04	0	1	2.2999999999999998	3.6	4.7	5.8	0	1.0000000000000005E-2	0.18000000000000024	0.380000000000005	0.66000000000001224	1.1599999999999799	98.07	0	0.5	1.5	2.2999999999999998	3.6	5	6.4	7	0	-2.0000000000000011E-2	-3.0000000000000002E-2	1.0000000000000005E-2	0.22	0.48000000000000032	0.76000000000001078	0.9	Horizontal movement, mm

Vertical movement, mm


24.52	0	1.2	2.2000000000000002	3.5	4.3	0	0.2	0.63000000000001066	0.9	1.1800000000000141	49.04	0	0.5	1.8	3.6	4.3	5.8	0	0	0.13	0.60000000000000064	0.86000000000000065	1.1000000000000001	98.07	0	0.5	2.2999999999999998	3.6	4.3	4.8	0	-1.0000000000000005E-2	7.0000000000000021E-2	0.32000000000000556	0.61000000000000065	0.9	 Horizontal movement, mm

 Vertical movement, mm


24.52	0	0.8	2	3	4.5	6	0	0.17	0.38000000000000544	0.64000000000001178	0.9	1.2	49.04	0	0.5	2	3.5	4.5	6	0	0.05	0.15000000000000024	0.34	0.56000000000000005	0.76000000000001178	98.07	0	0.5	1.7	2.6	4	5	6	7	0	-3.0000000000000002E-2	0	3.0000000000000002E-2	0.12000000000000002	0.23	0.44	0.58000000000000007	Horizontal movement, mm

Vertical movement, mm
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