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Standard Operating Procedure No. 50 
 

Direct Shear Test 
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1. PURPOSE AND SCOPE 
 
This Standard Operating Procedure describes the method for determining the 
consolidated drained shear strength of a soil material in direct shear. In spite of the 
general procedures described in this SOP, specific procedures for the tests can be further 
defined. The lab technician should check to see if specific test conditions are requested 
regarding saturation state and initial density of the specimens.  
 
The test consists of deforming a specimen at a controlled strain rate on or near a single 
horizontal shear plane determined by the configuration of the apparatus. Three or more 
specimens are tested, each under a different normal load, to determine the effects on 
shear resistance and displacement, and strength properties such as Mohr strength 
envelopes. The test can be made on all soil materials including undisturbed, remolded or 
compacted materials. There is, however, a limitation on maximum particle size as 
described below. 
 
2. RESPONSIBILITIES AND QUALIFICATIONS 
 
The Team Leader will have the overall responsibility for implementing this SOP. He/she 
will be responsible for assigning appropriate staff to implement this SOP and for ensuring 
that the procedures are followed accurately.  
 
All personnel performing these procedures are required to have the appropriate health and 
safety training. In addition, all personnel are required to have a complete understanding 
of the procedures described within this SOP, and receive specific training regarding these 
procedures, if necessary. 
 
All environmental staff and assay laboratory staff are responsible for reporting deviations 
from this SOP to the Team Leader. 
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3. DATA QUALITY OBJECTIVES 
 
• Perform direct shear tests under low and high normal loads, to determine the effects 

on shear resistance and displacement, as well as strength properties such as Mohr 
strength envelopes.  

• Determine the influence of weathering on the shear strength properties of the 
material. 

 
4. RELATED STANDARD OPERATING PROCEDURES 
 
The procedures set forth in this SOP are intended for use with the following SOPs: 
 
• SOP 1 -  Data management (including verification and validation) 
• SOP 2 -  Sample management (including chain of custody) 
• SOP 4 -  Taking photographs 
• SOP 5 -  Sampling outcrops, rock piles, and drill core (solid) 
• SOP 6 - Drilling, logging and sampling of subsurface materials (solid) 
• SOP 9 - Test pit excavation, logging and sampling 
• SOP 36 -  Particle size analysis 
• SOP 40 -  Gravimetric water content 
 
The procedures set forth in this SOP are also intended for use with the ASTM standard 
designation D-3080-98 (Appendix 1). 
 
5. EQUIPMENT LIST 
 
The following materials are required for performing the direct shear test: 
 

- Shear device 
- 4 inch square or circular shear box 
- Porous inserts 
- Loading devices (pneumatic or dead weight) 
- Load cell and readout to measure shear force 
- Vertical and horizontal displacement dial indicators 
- Controlled high humidity room, if required, for preparing specimens 
- Trimmer or cutting rings 
- Scales 
- Oven 
- Vernier or micrometer 
- Laboratory forms (Appendix 2) 
- Miscellaneous equipment including timing device, distilled or 

demineralized water, spatulas, knives, straightedge and wire saws 
- Vibrotool 
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6. COLLECTION OF SAMPLES 
 
Refer to SOP 5 (Sampling outcrops, rock piles, undisturbed blocks and drill cores), and 
SOP 9 (Test pit excavation, logging and sampling) to collect unconsolidated or 
undisturbed samples. 
 
Samples are collected, labeled, preserved and transported in accordance with SOP 1, 5 
and 9.  Log samples into laboratory following chain of custody procedures (SOP 2). 
 
Photographs should be taken before the sample is collected, consistent with SOP 4.  
 
7. TEST SPECIMEN 
 
- The sample used for specimen preparation should be sufficiently large such that a 

minimum of three similar specimens can be prepared. Prepare the specimens in a 
controlled temperature and humidity environment to minimize moisture loss or gain.  

- Sieve the sample through a No. 4 sieve (4.75 mm) and use the passing fraction to 
perform the test. 

- The minimum sample diameter for circular specimens, or width for square specimens, 
shall be 3.0 in. (75 mm), or not less than 10 times the maximum particle size 
diameter. The use of a 4.0 in. (100 mm) square shear box is preferable.  The 
minimum initial specimen thickness shall be 1.0 in. (25 mm), but not less than six 
times the maximum particle diameter. 

- The minimum specimen diameter to thickness, or width to thickness ratio, shall be 
2:1. 

- For either undisturbed or disturbed samples, prior to inserting the loading cap, weigh 
the shear box before and after the sample is loaded such that the weight and density of 
the sample can be calculated (e.g. weight of sample is weight of loaded shear box 
minus weight of empty shear box, and density of sample is weight of sample divided 
by the volume of sample).  

- Compute the initial void ratio, dry unit weight, and degree of saturation based on the 
specific gravity (ASTM  D854-02), gravimetric water content (SOP 40), and bulk 
density of the specimen. Specimen volume is determined by measurements of the 
shear box lengths or diameter and the measured thickness of the specimen. 

 
7.1 Specimen Preparation 
 
7.1.1 Undisturbed Samples 
- Extreme care should be taken in preparing undisturbed specimens of sensitive soils to 

prevent disturbance to the natural soil structure.  
- Prepare undisturbed specimens from the sample boxes collected in accordance with 

SOP 5.  
- Trim the specimen carefully to fit the dimensions of the shear box by using preparing 

knives, wire saws, and spatulas. To mold the sample to the exact size, it might be 
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necessary to remove coarse gravel from the corners. When removing coarse particles, 
be careful not to fragment or damage the soil structures.   

- Place moist porous inserts over the exposed ends of the specimen in the shear box.  
Place the shear box containing the undisturbed specimen and porous inserts into the 
shear box bowl and attach the shear box. 

 
7.1.2 Disturbed (unconsolidated) Samples 
- Loose samples:  Put the soil evenly into the shear box from a drop height of about 6 to 

8 inches. It is best to continuously pour the sample through a funnel. Stop pouring 
when the sample reaches the desired thickness. After leveling the surface of the 
sample, carefully insert the loading cap and seat it evenly with gentle pressure. Be 
careful not to jar the sample.  

- Dense samples: Pour the sample into the shear box and simultaneously vibrate the 
side of the box by using a vibro-tool. After the sample reaches the desired thickness, 
stop pouring but continue with the vibrations for 2 or 3 minutes. Level the surface of 
the sample and seat the loading cap with gentle pressure. Make sure that the ribs on 
the bottom of the loading cap are perpendicular to the shear direction. 

 
8. TEST PROCEDURES 
 
The test can be run using the standard or the multi-stage procedure. 
 
a) Standard Procedure  
- Connect and adjust the shear force loading system so that no force is imposed on the 

load measuring device. 
- Properly position and adjust the horizontal displacement measurement device used to 

measure shear displacement. Obtain an initial reading or set the measurement device 
to indicate zero displacement. 

- Place the normal force loading yoke into position and adjust it so that the loading bar 
is horizontal. Level the lever and adjust the yoke until it sits snugly against the ball 
bearing on the load transfer plate. 

- Apply a small normal load to the specimen. Verify that all components of the loading 
system are seated and aligned. The top porous insert and load transfer plate must be 
aligned so that the movement of the load transfer plate into the shear box is not 
inhibited. Record the applied vertical load and horizontal load on the system. The 
normal stress applied to the specimen should be approximately 1 lbf/in2 (7 kPa). 

- Attach and adjust the vertical displacement measurement device. Obtain initial 
readings for the vertical measurement device and the horizontal displacement 
measurement device. 

- If the multi-stage procedure is required for the sample, fill the shear box with distilled 
water and keep it full for the duration of the test. Allow the sample to be submerged 
at least two hours before the test starts. 

- Calculate and record the normal force required to achieve the desired normal stress or 
increment thereof. Apply the desired normal stress by adding the appropriate mass to 
the lever arm hanger. 
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- Apply the desired normal load or increments thereof to the specimen and begin 
recording the normal deformation readings against elapsed time. For all load 
increments, verify completion of primary consolidation before proceeding - 
equilibrium conditions can be observed by taking readings with time on the dial 
gauge on the top of the soil specimen. 

- The total normal load on the sample equals the weight on the yoke including the 
weight of the yoke, plus the weight of the top half of the shear box, plus the weight of 
the loading cap, plus half the weight of the sample. 

- Using a vernier or micrometer, measure the vertical distance between the top of the 
shear box and the straight edge of the loading cap to obtain the sample height and 
then the relative density of the test specimen at the designed normal load. Relative 
density is calculated by dividing the sample mass by its volume. Specimen volume is 
determined by measurements of the shear box lengths and diameter and of the 
measured thickness of the specimen. 

- After primary consolidation is completed, remove the alignment screws or pins from 
the shear box. Open the gap between the shear box halves to approximately 0.039 in. 
(1.0 mm) using the gap screws. Back out the gap screws. 

- Select the appropriate strain rate. For clean dense sands which drain quickly, a value 
of 10 min. may be used for reaching failure. For dense sands with more than 5 % 
fines, a value of 60 min. may be used as the time for failure. The magnitude of 
displacement at failure can be assumed to range from 10 to 20 % of the sample 
length. As a guide, use a strain rate of about 0.04 inches (1 mm) / minute for coarse 
material, and 0.01 inch (0.25 mm) / minute for material containing more than 5 % 
fines. Refer to ASTM 3080 for more details on estimating the strain rate based on the 
primary consolidation time. 

- Record the initial time, the vertical and horizontal displacements, and the normal and 
shear forces. 

- Start the apparatus and initiate shear. 
- Take readings of the horizontal force and vertical displacement dials corresponding to 

horizontal displacement increments of 0.004 in. (0.1 mm) up to a total displacement 
of 0.04 in. (1.0 mm). Reduce the reading frequency to a horizontal displacement 
increment of 0.08 in. (0.2 mm) up to a total displacement of 0.12 in. (3.0 mm of total 
displacement). Then reduce the frequency of readings to every 0.02 in. (0.5 mm) of 
horizontal displacement increment up to a total displacement of 0.2 in. (5.0 mm) of 
the specimen. Thereafter, read the instruments every 0.04 in. (1.0 mm) of horizontal 
displacement to the failure of the sample.  

- After failure is reached, remove the sample from the shear box and determine the 
gravimetric water content (SOP 40) if the test was performed in unsaturated 
conditions. 

- Calculate the following: 
 
a) Nominal shear stress acting on the specimen is: 

τ = F/A 
where: 
τ = Nominal shear stress at the moment of the reading (kPa, kg/cm2, lbs/cm2, etc.), 
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F = Shear force at the moment of the reading (N, kg, lbs, etc.), 
A =  Surface area of the sample (cm2, in2, etc.).  

 
b) Normal stress acting on the specimen is: 

n= N/A 
where: 

n = Normal stress (lb/m2, kg/cm2, kPa, etc.), 
N = Normal vertical force acting on the specimen (N, kg, lbs, etc.), 
A = Initial surface area of the specimen (cm2, in2, etc.). 
 

c) Horizontal displacement rate is: 
r = d / t 

where: 
r = Horizontal displacement rate (mm/min.), 
d = Total displacement of the sample (mm), 
t = Time to complete the test (min.). 

 
-  Prime another sample and repeat the procedures for the next planned normal load.   
 
b) Multi-Stage Procedure 
When the multi-stage procedure is required, the sample is submerged in distilled water 
and allowed to displace to the peak strength. After that, the sample is returned to the 
initial position and the same sample is used to test the shear strength for all loads 
planned. The multi-stage test should be performed as follows:  

- Submerge the sample in distilled water and apply the lowest normal stress to the 
soil specimen.  Wait until the consolidation phase is complete - equilibrium 
conditions can be observed by taking readings with time on the dial gauge on the 
top of the soil specimen.  

- Once equilibrium is achieved, the specimen is ready for the application of the first 
shear force. As the shear force is applied, plot the data showing horizontal 
displacement versus shear stress. The first portion of the stress versus 
displacement should have a relatively straight line relationship. At some point, the 
displacement should start to increase as the specimen moves towards the point of 
failure. Care and judgment must be exercised in determining the point at which 
the displacement should be stopped.  

- The horizontal shear force is then reduced to zero and the two halves must be 
returned to the initial position corresponding to the beginning of the test.  

- Apply the normal stress corresponding to the second stage. Following 
equilibrium, apply shear stress until the peak strength is attained again.  

- The above procedure is repeated for each of the normal stresses until all load 
stages have been applied. Following the last stage, apply horizontal displacement 
up to the maximum conditions the apparatus can achieve.  

 
9. DOCUMENTATION - PLOTS AND REPORTING 
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Test sheets will be stored electronically in the Utah-maintained Molycorp database.  See 
database for appropriate forms. 
 
The report shall include the following: 
 
- Sample identification, project, location and date of the test, and name of the person 

completing the test. 
- Description of the type of shear device and shear box used in the test. 
- Description of sample type, that is, whether the specimen is undisturbed, remolded, 

compacted, or otherwise prepared. 
- Description of sample characteristics such as: dry mass, initial void ratio, gravimetric 

water content (SOP 40), dry unit weight, wet unit weight, and degree of saturation.  
- Initial thickness and diameter (width for square shear boxes). 
- Final gravimetric water content (SOP 40). 
- Normal stress, rate of deformation, shear displacement, and corresponding nominal 

shear stress values and specimen thickness changes. 
- Plot of nominal shear stress versus percent relative lateral displacement for each 

normal load used. 
- Plot of nominal shear stress at failure versus normal load. 
- Calculated friction angle and cohesion. 
- Departure from the procedure outlines, such as special loading sequences or special 

wetting requirements. 
 
10. QUALITY ASSURANCE/QUALITY CONTROL 
 
All equipment will be calibrated for the equipment load-deformation characteristics when 
first placed in service or whenever parts are changed.  ASTM Standard D 3080 
(Appendix 1) gives detailed procedures for equipment calibration.  A record of the date 
and results of each calibration will be permanently retained by each tester. 
 
Accuracy of readouts and dial indicators should be verified. Check the values of the 
weights set that will be used. When using a machine that is not automatic, the operator 
should calibrate the rate of the loading crank to obtain the desired displacement rate. It is 
important that the sample be continuously deformed at a constant rate which is strongly 
affected by the rotating loading crank.   
 
Where feasible, samples should be archived for future studies. 
 
11. REFERENCES 
 
- ASTM D3080-98; Standard Test Method for direct shear test of soils under 

consolidated drained conditions. 
- ASTM  D854-02; Standard Test Method for specific gravity of soil solids by water 

pycnometer.  
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- HEADQUARTERS EM1110-2, 1986, Drained Direct Shear Test, Laboratory Soils 
Testing-Engineer Manual, Department of the Army 
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APPENDIX 1.  ASTM D3080-98  
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