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Direct simple shear and simple shear testing equipment can be used not only for strength 

parameters determination. Depending on design, this equipment makes it possible to conduct undrained 

tests, to determine the dilatancy angle and shear modulus, to carry out dynamic load. 

If there is a rigid kinematic connection between the separate shear sections, then a homogeneous 

stress-strain state will be formed in the sample during the experiment. Implementation of a “strict” design 

of a simple shear instrument, in which it is possible to determine these parameters, depends on the 

manufacturer capabilities. At the University of Cambridge, K. Roscoe used a square specimen instrument 

with tilted sidewalls, but its design did not allow to conduct undrained tests. The design developed at the 

Norwegian Geotechnical Institute (NGI) by L. Bjerrum and A. Landva (1966) is also well known. The 

authors used an elastic membrane reinforced with a metal spiral as the outer walls. Thus, each separate 

loop served as one of the rings in the stack, and the spiral provided a kinematic connection between the 

individual loops. This design has the disadvantage of insufficient rigidity of individual loops of the spiral 

and shape distortion with significant shears. 

Technically more complex, but also more advanced approach is used by LLC "RPE "Geotek". In 

their design, the individual rings in the direct simple shear instrument are connected by vertical sliding 

guides that tilt during the experiment as shear develops. This design makes it possible to implement a 

homogeneous SSS throughout the entire experiment, even with significant displacements. This means, 

that each point of the specimen will shear by the same value, therefore, it becomes possible to determine 

the shear stiffness of the specimen, because its height and angle of forming are known. In this case, the 

shear modulus G will be determined by the formula: 
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Scheme for determining the shear modulus G and the dilatancy angle ψ with a simple shear 



If the vertical load on the plate is constant during the experiment, then dilatancy or contraction, 

vertical displacement of the loading plate, will be observed in the sample. In contrast to the direct shear 

instrument, here the value of this displacement can be quite significant, because each layer of the sample, 

and not one section on the shear surface, is subject to dilatancy. Therefore, the value of vertical 

displacement can be easily measured with sensors with standard accuracy. In this case, the dilatancy angle 

is determined on the basis of the definition - as the ratio of the increments of volumetric (vertical) and 

horizontal deformations: 
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There is a great practical interest in the test mode with a constant volume. As it follows from the 

name, this testing is conducted with a change in the boundary conditions: instead of the constant load on 

the upper plate, the height (volume) of the sample is kept constant in the course of shear. In this case, the 

actual vertical stress changes. It decreases with compaction of the sample, and increases with 

decompaction. The shear strength obtained in this case better corresponds to the working conditions of 

the soil in the body, since the free volumetric expansion at the base during dilatancy is limited. 

ASTM D 8296-19 proposes a similar test with the dynamic (cyclic) loading. In this case, an 

undrained test mode is implemented. A completely water-saturated sample is used, and changes in total 

stress are expressed as an increase / decrease in pore pressure. Tests in this mode completely replace the 

much more laborious and expensive tests in dynamic triaxial apparatus. Nevertheless, the ASTM 

indicates, that without the kinematic connection between the separate sections data of testing cannot 

completely replace triaxial compression due to insufficiently uniform SSS. 

The role of these tests in the development of soil 

mechanics can hardly be overestimated. In the 1950s they 

became the basis of the theory of critical state, which is widely 

used by specialists around the world to describe the behavior of 

clay soils. In Russia, the simple shear method remains almost 

unknown, and single designs are implemented only in research 

organizations. Thus, in the nearest future these instruments will 

be demanded in the laboratory equipment market as cheaper 

and more compact alternative to the triaxial apparatus. 

As part of the automated test complex "ASIS Pro" LLC 

"RPE "Geotek" offers instruments that implement direct simple 

shear and distortion. These instruments are made for various 

sample sizes, up to the coarse-grained. The complex includes 

shear boxes with the possibility of static and kinematic load 



application. The instruments allow to perform tests by any method with permanent automatic recording of 

test parameters. Furthermore, compactors for preliminary compaction of samples before the consolidated-

drained shear are offered to the instruments. 

More detailed technical information can be given by the company's specialists or found on the 

official website www.npp-geotek.ru. 
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