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* The angle of internal friction is the maximum angle which any resultant thrust across any plane inside 
the soil mass can make with the normal to this plane without causing failure of the soil by slipping on 
that plane. 

Coulomb's shear strength relation has been modified on the concept of development of 
pore pressure. The modified relation is: 

zf = c '+o ' t an@'  

zf= cI+(o-u)  tang' 

where, 

c ' = effective cohesion, 
1 

a' = effective normal stress, 

u = pore pressure, 3 

1 
Q = total normal stress, and 

' = effective angle of shearing resistance. 1 
3.3 APPLICATIONS 

The direct shear test gives the ultimate shear resistance, peak shear strength, cohesion, 
angle of intemal friction and shear stress-strain characteristics of the soils. 

The shear parameters are used in the design of earth dams and embankments, evaluating 
the bearing capacity of foundations, esitmating earth pressure behind retaining walls and 
checking the stability of natural slopes, cuts and fills. 

3.4 APPARATUS 

The apparatus include some general and some special ones. They include the following : 

General 

1) Sample trimmer 

2) Stop watch 

3) Balance (capacity 1 kg, sensitivity 0.01 g, capacity 160 g) 

4) Spatula and straight edge 

5) Drying crucibles 

6) Drying oven 

7) Scale 

8) Water 

9) Dial gauges: two. sensitivity 0.01 mm 
10) weights. 

Special 

1) Shear box of size 60 mm x 60 mm x 50 mm 
2) Container for shear box 

3) Grid plates (two plain and two perforated, with depth of serrations 1.5 mrn 

4) Base plate with cross grooves on the top surface 

5) Two porous stones 6 mm thick 

6) Loading pad 

7) Loading frame 

8) Laading yoke 



9) Proving ring with dial gauge (capacity 1.5 - 2.0 N, accuracy of dial gauge Direct Shear Test 

0.002 mm) 

10) Other accessories: two fixing screws, two spacing screws 

11) Static/dynamic compaction device (for remoulded samples). 

3.5 PROCEDURE 

Follow the steps given below in order. 

1) Prepare a soil specimen of size 60 mm x 60 mm x 20 rnm either from an 
undisturbed soil sample or from compacted and remoulded sample. (Compaction 
may be done statically or dynamically. Experience shows that static compaction is a 
more convenient method of compacting cohesive soil at any desired density and 
moisture content.) Soil Specimen may directly be prepared in the shear box by 
compaction (Figure 3.1). 
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Figure 3.1 : Shear Box Test 

Attach the upper part of the box to the lower part by the fixing screws. Attach the 
base plate to the lower part. 

Place a porous stone in the box., 

For undtained test, place the grid on the stone, keeping the serrations of the grid at 
right angles to the direction of shear. For consolidated drained and undrained tests, 
use the perforated grid in place of the plain grid. 

Weigh the box with base plate, porous stone and grid plate. 

Transfer the soil specimen prepared in step 1 into the box. 

Weigh the box with the soil specimen. 

Place the upper grid, porous stone and loading pad on the soil specimen. 

Place the box inside the container and mount it on the loading frame. 

Bting the upper half of the box into contact with the proving ring assembly. Contact 
is observed by a slight movement of the proving dial gauge. 

Fill the container with water if the soil is to be saturated. 

Mount the loading yoke on the ball placed on the loading pad. 

Mount one dial gauge on the yoke to record the vertical movement and other dial 
gauge on the container to record the shear movement. 

Put the weights on the loading yoke to apply the normal stress of 2.5 kg/sq cm 
intensity. Add the weight of the yoke in estimating the normal stress intensity. 

For consolidated drained and undrained tests allow the soil specimen to consolidate 
fully under this normal load. This step is avoided for undrained test. 
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16) 

17) 

18) 

Remove the fixing screws from the box and raise slightly the upper half of the box 
with the help of spacing screws. Remove the spacing screws as well. 

Adjust all the three dial gauges to read zero. 

Apply shear load at constant rate of strain. (For undrained test the rate of strain is 
1 to 1.5 mmlmin In clay;. and 1.5 to 2.5 mmfmin in sands. For drained test, the rate 
of strain is 0.005 to 0.02 mmin in clays and 0.2 to 1 mm/min in sands.) 

Record readings of proving ring dial gauge and vertical and shear movement dial 
gauges at half minute intervals. 

Continue the test until the specimen fails. ('he failure-is assumea when the proving 
ring dial gauge begins to recede after reaching the maximum or at a shear 
displacement of approximately 20 % of the specimen length.) 

Repeat the test on identical specimen under increasing normal stress of 0.5.1.2 and 
4 kglsq cm. 

Determine the moisture contents of the specimen before and after the test. 

OBSERVATIONS AND CALCULATIONS 

Compute the-normal stress by dividing the total normal load by the area of the shear 
box. mus, 

Normal Stress, a, = weight of yoke + normal load 
area of the shear box 

Compute the normal displacements by multiplying the normal dial gauge divisions 
with the least count of that dial gauge. 

Compute the shear displacements by multiplying the shear dial gauge divisions with 
the least count of that dial gauge. 

Compute the shear strains by dividing the shear displacements with the length of the 
specimen. 

Compute the shear force by multiplying the proving ring dial gauge divisions with 
the proving ring constant. 

Compute the shear stress by dividing the shear force with the shear area (equal to 
the area of the shear box). 

Use sheet 1 (graph paper) to draw the shear stress-strain curves by taking shear 
strain along the x-axis and shear stress along the y-axis, corresponding to each 
nonnal stress. 

Read the maximum value of shear stress if failure has occurred, or else read the 
shear stress at 20 % strain which is defined as failure shear stress. 

Use sheet 2 (graph paper) to plot the normal stress on x-axis and corresponding 
shear stress at failure on y-axis. Join the points by a smooth curve. This curve is 
called the shear strength envelope. 

Read the slope of the line, which is called.the angle of shearing resistance and the 
intercept of the line with the y-axis is the cohesion of the soil specimen. 
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EXPERlMENT NO. 3A 

DIRECT SHEAR TEST (SOIL WATER CONTENT) 

0&3ERVATIONS AND CALCULATIONS 

Date Soil Specimen No. 

a) Size of shear box - - mm b) Areaofbox = sqcm 

c) Thickness of specimen - - mm d) Volume of specimen= cc r 
Test Number 

(Before test) 

1) Mass of box (g) 

2) Mass of box + soil (g) 

3) Mass of soil used, (2) - (1) (g) 

4) Density of soil, Y = (3) 1 (d) (g I cc) 

5) Mass of empty drying crucible (g) 

6) Mass of crucible + wet soil (g) 

7) Mass of crucible + dry soil (g) 

8) Mass of water, ww = (6) - (7) (g) 

9) Mass of &y soil, ws = (7) - (5)(g) 

10) Water content, wl = (8)1(9) 

11) Dry density, yd = - (glee) 
l + w 1  

(During tat)  

12) Mass of yoke + normal weight (N) 

13) Normal stress, on = (1 2)/(b) ( ~ l c m ~ )  

14) Shear force at failure (N) 

15) Shear stress at failure, ~f = (1 4) 1 (b) 
( ~ l c m ~  ) 

(After test) 

16) Mass of crucible (g) 

17) Mass of crucible + wet soil (g) 

18) Mass of crucible + dry soil (g) 

19) Water content, w2 = (17) - (18) 
(18) - (16) 

1 2 3 4 5 
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EXPERIMENT NO. 3B 

DIRECT SHEAR TEST NO. 1 

OBSERVATIONS AND CALCULATIONS 

Date Soil Specimen No. 

a) Least count of normal dial gauge ( d d i v . )  = 

b) Least count of shear dial gauge (mmfdiv.) = 
c) Proving ring constant (N/div.) - - 
d) Normal weight + weight of yoke (N) - - 
e) Area of shear box (cm2) - - , 
f) Normal stress applied, on = (d) /(e) = (~/crn') 

Note: Use as many tables as the number of normal stresses. 

EXPERIMENT NO. 3C 

DIRECT SHEAR TEST NO. 2 

OBSERVATIONS AND CALCULATIONS 
Date Soil Specimen No. 

a) Least count of normal dial gauge (mm/div.) = 
b) Least count of shear dial gauge ( d d i v . )  = 

C) F'roving ring constant (N/div.) - - 
d) Nonnal weight + weight of yoke (N) - - 
e) Area of shear box (cm2) - - 
f) Normal stress applied, on = (d) / (e) = ( ~ l c m ~ )  
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Direct Shear Test EXPERIMENT NO. 3D 

DIRECT SHEAR TEST NO. 3 

OBSERVATIONS AND CALCULATIONS 

Date Soil Specimen No. 

a) Least count of normal dial gauge (mm/div.) - - 
b) Least count of shear dial gauge (mmldiv.) - - 
c) Proving ring constant (Nldiv.) - - 

d) Normal weight + weight of yoke (N) - - 
e) Area of shear box (cm2) - - 
f) Normal stress applied, an = (d)l(e) = ( N I C ~ ~ )  

EXPERIMENT NO. 3E 

DIRECT SHEAR TEST NO. 4 

OBSERVATIONS AND CALCULATIONS 

Date Soil Specimen No. 

a) Least count of normal dial gauge (mm/div.) - - 
b) Least count of shear dial gauge (mmldiv.) - - 
c) Proving ring constant (Nldiv.) - - 
d) Normal weight + weight of yoke (N) - - 
e) Area of shear box (cm2) - - 
f) Nonnal stress applied, a,, = (d)/(e) = ( ~ l c m ~ )  
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EXPERIMENT NO. 3 F 

OBSERVATIONS AND CALCULATIONS 

Date Soil Specimen No. 
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3.2 : Graph Sheet 1 

EXPERIMENT NO. 3 G 

Date 

OBSERYATIONS AND CALCULATIONS 

Soil Specimen No. 

Shear strain '( % ) 

Figure 3.3 : Graph Sheet 2 



3.7 RESULTS Direct Shear Test 

1) The angle of internal friction, Q, - - degrees 

2) Cohesion, c - - ( N I C ~ ~ )  
I 

SAQ 1 

i )  What is meant by the shear strength of a soil? 
p i i )  What are tile three types of tests for determining the shear strength of a soil 

specimen in the laboratory? 

iii) What is the rate of strain often used in sands? 
? 

SAQ 2 

i) How does dircct shear test differ from triaxial compression test? 

i i )  What are the applications of direct shear test'? 

3.8 COMMENTS 

Give comments on the results of direct shear test obtained in the laboratory. 

3.9 PRECAUTIONS 

1) Before starting the test, the upper half of the box should be brought into contact 
with the proving ring assembly. 

2) The fixing and the spacing screws should be taken out before subjecting the 
specimen to shear. 

3) Thevertical stress on the sample should remain uniform, vertical and constant 
during the test. 

4) The rate of strain should remain constant throughout the test. 

5 )  The shearing strain and stress should be applied in the same plane at the dividing 
plane of the two parts of the shear box. 

6) During the test, no vibrations should be transmitted to the specimen. 

7)  For drained test, the porous stones should be de-aired and saturated in boiling water. 

8) It must be remembered that the self weight of the loading yoke is to be added to the 
vertical loads. 

9) The least counts and readings of the three dial gauges should not be intermixed. 
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