


Direct Shear Test Instrument Set Up



NEED AND SCOPE

In many engineering problems such as

1. Design of Foundation,

2. Retaining Walls,

3. Slab Bridges,

4. Pipes,

5. Sheet Piling,

The value of the angle of internal friction and cohesion of the

soil involved are required for the design.

Direct shear test is used to predict these parameters quickly.
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Schematic Diagram of the Direct Shear Apparatus
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 Shear strength is the resistance to the

deformation by continues shear displacement of

soil particles.

 Soil derives it shearing basically from following

i. structural resistance due to interlocking of

particles.

ii. Frictional resistance developed at the contact

points between the soil particles due to relative

moment under the load.

iii. Cohesion and adhesion between soil particle.



SHEAR STRENGTH

 Shear stresses produced in a loaded soil mass,

tend to deform the soil mass by tearing it apart

into blocks, causing the movement of one block

over the other along the failure plane.

 The tendency of shear failure is resisted by the

inherent resistance of the soil mass.

 Cohesive soil such as a clays, do offer shear

resistance due to two factors:

i. Due to friction between the soil grains, which

oppose shear movement

ii. Due to cohesion.



SHEAR STRENGTH

 The frictional resistance caused by soil will increases

with the compressive stresses σ produced in the soil

mass and composed of following :

i. Sliding friction

ii. Rolling friction, which is caused by change of

position by some grains due to rolling.

iii. Interlocking friction, which is

caused due to the projection

of some of the grains above

and below the failure plane.



SHEAR STRENGTH

 The glue friction is provided by the property of the

soil called cohesion, and its intensity is

represented by c. it composed of following factors :

i. Adhesion of adsorbed water layers surrounding

the soil molecules

ii. Inter-molecular attraction between the particles

iii. Surface tension.



 Shear strength of soil is given by coulomb’s 

equation :

= с + σ tan Ø

Where, 

C = Cohesion

σ = Normal stress

Ø = angle of internal friction





SHEAR STRENGTH

 Sandy soils do not have cohesion, or do have very

small value of cohesion. and their shear strength

is provided by the component σ ’ tan ø

 Whereas in clayey soil most of the shear strength

is provided by cohesion component as friction

component (σ ’ tan ø) is very small.

 Ø values for pure sands have been observed to be

of the order of 25° to 35°.

 For clays Ø value is in the range of 2° to 10°.



SHEAR STRENGTH

 The two components c and σ ’ tan ø, are called the 

shear strength parameters of the soil, and can be 

determined by performing certain laboratory test  

given as  :

 Direct shear test 

 Triaxial compression test

 Unconfined compression test 

 Laboratory vane shear test.



1. This test is performed to determine the consolidated -

drained shear strength of a sandy to silty soil.

2. The shear strength is one of the most important

engineering properties of a soil, because it is required

whenever a structure is dependent on the soil’s

shearing resistance.

3. The shear strength is needed for engineering

situations such as determining the stability of slopes

or cuts, finding the bearing capacity for foundations,

and calculating the pressure exerted by a soil on a

retaining wall.
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Apparatus

1. Direct shear box apparatus

2. Loading frame (motor attached).

3. Dial gauge.

4. Proving ring.

5. Tamper.

6. Straight edge.

7. Balance to weigh upto 200 mg.

8. Aluminum container.

9. Spatula.



PROCEDURE

1. Remove the shear box assembly. Back off the vertical screws

2. Remove the loading head . Insert the two vertical pins to

keep the two halves of the shear box together.

3. Weigh some dry sand in a large porcelain dish.

4. Fill the box with sand in small layers. A tamper may be used

to compact the sand layers.

5. Level the surface of the sand specimen.

6. Determine the weight of sand left in the dish. The

difference between the initial and final weight of sand is the

weight of sand in the shear box.

7. Slip the loading pad down from the top of the shear box to

rest on the soil specimen.



PROCEDURE

8. Put the shear box assembly in place in the direct shear

machine.

9. Apply the desired normal load, N on the specimen. This can

be done by hanging dead weights to the vertical load yoke.

10. Remove the two vertical pins.

11. Advance the three vertical screws that are located on the side

wall of shear box. This is done to separate the two halves of

the box.

12. Before proceeding to test check all adjustments to see that

there is no connection between two parts except sand/soil.

13. Attach the two horizontal and vertical dial gauges (0.001

in./min) to the shear box to measure the displacement during

the test.



PROCEDURE

 Apply the horizontal load S to the top half of the shear box .

The rate of shear displacement should be between 0.1 to 0.02

in./min (2.54 to 0.51mm/min).

 For every 10 small division displacement in the horizontal

dial gauge, record the readings of vertical dial gauge and the

proving ring gauge.

 Continue this until the proving ring dial gauge reading

reaches a maximum and then fall or remains constant.

 Repeat the test at least two more times.

 For each test , the dry unit weight of the compaction of the

sand specimen should be the same as that of the first

specimen.



DIRECT SHEAR TEST

Preparation of a sand specimen

Components of the shear box Preparation of a sand specimen

Porous 

plates

Direct shear test is most suitable for consolidated drained tests

specially on granular soils (e.g.: sand) or stiff clays



DIRECT SHEAR TEST

Leveling the top surface of specimen

Preparation of a sand specimen

Specimen preparation completed

Pressure plate



DIRECT SHEAR TEST

Test procedure

Porous 

plates

Pressure plate

Steel ball

Step 1: Apply a vertical load to the specimen and wait for consolidation

P

Proving ring 

to measure 

shear force

S



DIRECT SHEAR TEST

Step 2: Lower box is subjected to a horizontal displacement at a constant rate

Step 1: Apply a vertical load to the specimen and wait for consolidation

PTest procedure

Pressure plate

Steel ball

Proving ring 

to measure 

shear force

S

Porous 

plates



DIRECT SHEAR TEST

Shear box

Loading frame to

apply vertical load

Dial gauge to

measure vertical

displacement

Dial gauge to

measure horizontal

displacement

Proving ring

to measure

shear force



RESULTS

 The readings from the test should be writtenin the 

tabular form below.

1. Area of cross section =

2. Proving ring constant = 1 division =

3. Density of sand =

a.) For  normal load = 0.5 kg/cm2    



b) For  normal load = 1.0 kg/cm2 

c) For  normal load = 1.5 kg/cm2    



DIRECT SHEAR TEST

Analysis of test results

sample  theofsection  cross of Area

(P) force Normal
  stress Normal 

sample  theofsection  cross of Area

(S) surface sliding at the developed resistanceShear 
  stressShear 

Note: Cross-sectional area of the sample changes with the horizontal 

displacement



SUMMARY OF RESULTS



Direct shear tests on sands
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f1

Normal stress = 1

Direct shear tests on sands

How to determine strength parameters c and f
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Shear displacement

f2

Normal stress = 2

f3

Normal stress = 3
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Mohr – Coulomb failure envelope



Direct Shear Tests on Sands

Some important facts on strength parameters c and f of 

sand

 Sand is cohesion less hence c = 0

 Direct shear tests are drained and pore water pressures 

are dissipated, hence u = 0

 Therefore, f’ = f and c’ = c = 0



Direct shear tests on clays

Failure envelopes for clay from drained direct shear tests
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Normal force, 

f’

Normally consolidated clay (c’ = 0)

In case of clay, horizontal displacement should be applied at a very slow rate

to allow dissipation of pore water pressure (therefore, one test would take

several days to finish)

Overconsolidated clay (c’ ≠ 0)



Interface Tests on Direct Shear Apparatus

In many foundation design problems and retaining wall problems, it is

required to determine the angle of internal friction between soil and the

structural material (concrete, steel or wood)

 tan' af c
Where, 

ca = adhesion, 

 = angle of internal friction

Foundation material

Soil

P

S

Foundation material

Soil

P

S



Advantages of Direct Shear Apparatus

 Due to the smaller thickness of the sample, rapid drainage can be

achieved

 Can be used to determine interface strength parameters

 Clay samples can be oriented along the plane of weakness or an

identified failure plane

Disadvantages of Direct Shear Apparatus

 Failure occurs along a predetermined failure plane

 Area of the sliding surface changes as the test progresses

 Non-uniform distribution of shear stress along the failure surface



Thank You


