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ABSTRACT 

 Since its simplicity and availability, direct shear test is a current one. This test, compared to the 

triaxial test, provides different values for the parameters of the gravel due to the specific shape of 

the test device and the test approach. Triaxial testing, due to the feasibility of providing conditions 

similar to the natural behavior of gravel in a natural state, can provide more realistic values of 

material strength parameters. Due to being time consuming, costliness, problems in performing a 

triaxial test and the difficulty of sample preparation, direct shear test is still used more than triaxial 

test. In this paper, by studying the results of direct shear test and triangular experiments on gravel 

material, the stress paths in p - q space and the internal friction angle of these two tests are compared 

and the relation between them is obtained. To ensure the obtained results, large-scale triaxial and 

direct shear tests are used. The values of φ, τf and бn are calculated in every direct shear test, and 

using different lateral pressure coefficients (k), the failure points in the space p and q are obtained. 
Using the points, failure envelope is depicted in these graphs and then, using the relationships, the 

gradient of the failure envelope is converted to the friction angle of the sample; and, it is compared 

with the triaxial test results. Subsequently, the stress path is studied via the results, and it is compared 

with the stress path of the triaxial test. Finally, it can be concluded that, when the internal friction 

angle of the gravel in direct shear test is analyzed via lateral pressure coefficient (kp), it is 

approximately the same with the internal friction angle obtained by the triaxial test in p- q space. 
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1. Introduction 

In recent decades, the extensive use of gravel in geotechnical engineering, such as the 

construction of earth dam, road pavement and dock construction, has necessitated a thorough 

understanding of the behavior of such material. Among various applications of this material, dam 

construction is the most notable one [1]. One of the factors that makes it possible to know more 

about this material is its stress path graph and investigation of failure envelope including the 

internal friction angle (φ) in p-q graphs. In laboratory or site, The behavior of soil or depends on 

the history of applied loads and strains. In other words, the behavior of the soil depends not only 

on the initial and ultimate stresses, but also on how the stress and strain change previously.The 

stress path shows the variations of stress in the soil sample. The stress state is usually expressed 

via p and q space [2]. Stress paths were first introduced by Lamb. Subsequently, Wood developed 

various geotechnical issues in this field, then it was investigated in detail by Whitman and Lambe 

[3]. According to review studies, previous researches were conducted via stress path of triaxial 

tests and stress path of triaxial test was not considered. 

Therefore, one of the aims of this research is investigating the stress path of the direct shear test 

for dry gravel. Sadrnejad did a detailed descriptive study of the total stress path via triaxial test; 

moreover, the gradient of failure envelope in p-q space is 1/3 [2]. The aim of this study is to 

investigate the stress path of large-scale direct shear test and compare it with graphs of triaxial 

tests. Then, the failure envelope is drawn in p-q space and the internal friction angle (φ) of soil is 

studied with using equations; moreover, the result is compared with the triaxial test. Since the 

internal friction angle is different in direct shear and triaxial tests [4], it is, therefore, sought to find 

a lateral pressure coefficient (k) to obtain the nearest internal friction angle of direct shear test to 

the internal friction angle of triaxial test. To find the hypothesis, the stress path in the p-q space of 

the sample of the direct shear test is drawn for different lateral pressure coefficients (k), ie. at rest 

(k0), active (ka) and passive (kp) cases, and the combinations of these states such as (ka + kp)/2 and 

(k0 + ka + kp)/3. Furthermore, it is investigated that which of these coefficients causes the internal 

friction angle of the direct shear test to be nearer to the internal friction angle of the triaxial test. 

To design a structure consisting of gravel, the design parameters of the materials must be properly 

recognized. In this regard, using large-scale laboratory tests is very useful as large dimensions of 
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these materials has created difficulties in performing laboratory tests and adapting their results 

to practical conditions [2]. To ensure accurate results, the data of a large-scale test has been used. 

The current dimensions of a large-scale direct shear test are 30x30 cm and 50x50 cm. By 

comparing the results of direct shear tests on 30 × 30 cm and 50 × 50 cm samples of gravel, 

Reyhani stated that, this material has relatively similar behavior in both tests, and no significant 

variations have been observed in shear strength parameters [5]. In this paper, the results of 30 × 

30 × 15 cm sample are used. The lateral pressure in the direct shear test is also considered to be 

kбn where k and бn are the lateral pressure coefficient and the normal stress of direct shear test 

respectively. 

 

2-Methodology 

 
Given the fact that, the friction angle is different in triaxial and direct shear test, we consider 

different lateral pressure coefficients, and seek the lateral pressure coefficient, so that it can be 

used to convert the internal friction angle of direct shear test to the internal friction angle of triaxial 

test. In the study, the lateral pressure coefficients are calculated via [6]: 

ka=tan2(45-φ/2)  (1) 

k0=1-sinφ (2) 

kp=tan2(45+φ/2) (3) 

 

Where, k0 is the lateral pressure coefficient of the at rest state, ka is the lateral pressure 

coefficient of the active state, kp is the lateral pressure coefficient of the passive state and φ is the 

internal friction angle of the material. In the results of this study, every large-scale test is done with 

different normal stresses (бn) of 111,222,444,666 and 777 kPa, and for each normal stress, the 

maximum shear stress (τf ) is found separately. According to the results of the large-scale tests, φ, 

τf and бn are calculated. Furthermore, by programming in Excel software, б1 and б3 are obtained, 

then p and q are calculated respectively, and a failure envelope is depicted in p-q. First, the different 

lateral pressure coefficients, i.e. at rest (k0), active (ka), passive (kp) and their combinations such 

as ( ka+ kp)/2 and ( ka+ kp+ k0)/3, are calculated. And, failure envelope is drawn in p-q graph.  
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In this regard, k is multiplied in бn to calculate lateral pressure. Subsequently, by depicting бn, 

the lateral pressure (k бn) and τf (maximum shear stress) in the Mohr circle and performing 

geometric calculations, principal stresses (б1 and b3) can be obtained. The differential stress (q) 

and mean stress (p) are calculated via the equations 4 and 5: 

/2(1б +3б   )p = (4) 

/2(3б -1б   )= q (5) 

 

Where, б3 and б1 are the maximum and minimum principal stress at Mohr circle respectively. 

and 1b of the original stress at least in the Moore circle. Performing the previous steps, 5 points 

are shown in the p-q graphs, which they had passed through a line, then its equation is found; 

therefore, five failure envelope with different lateral pressure coefficient (k) are drawn in p-q 

graphs. It should be noted that, the written equations in Excel are based on Mohr-Coulomb's 

formulas. Das mentioned that the gradient of failure envelope (tan α) is equal to sin φ in the p-q 

graph, where φ is the internal friction angle of soil in the triaxial test. Because the results of the 

graphs are obtained from the direct shear test, we have φps. Therefore, it can be converted to φtr 

using the relation [7]: 

tr=1.15φpsφ (6) 

 

 Where, φps and φtr are internal friction angle of soil in direct shear and triaxial tests respectively.  

Consequently, the φtr obtained from the large-scale triaxial test is required to investigate that 

which lateral pressure coefficient makes the internal friction angle of the material in the direct 

shear test to be the nearest to the internal friction angle in the triaxial test. In order to obtain φtr, 

the gradient of the maximum shear strength vs. vertical surcharge graph, which is obtained from a 

large-scale triaxial test, is calculated. By using the Plot Digitizer software, three distinct points of 

the graph are defined, whose coordinates are shown in the graph. Then their coordinates are 

entered, and the software is calibrated. It can be used to find the coordinates of any point. 
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Because the gradient of the line is equal to tan φ, the points on the failure envelope are 

determined and the gradient is calculated via their coordinates, then by calculating tan-1 of the 

result, φtr is calculated. Finally, the internal friction angle of the soil in the direct shear and the 

triaxial tests are compared. 

Subsequently, the stress paths of the large-scale direct shear test are investigated. In order to 

draw stress path, some points before the failure of sample must be analyzed. Since бn is constant 

in every test, points with equal бn and τ less than failure shear are studied, and they are converted 

to points in p-q graph via Excel software. It was observed that, increasing τ makes p to be constant, 

and increases q; therefore, in vertical line, the stresses increase up to the failure envelope or the 

sample is failed at this point. 

 
3-Results  

The below tables and figures are the results of this research. In tables 1 to 5, the normal stress 

and shear stress are constant and k is different. In Figures 1 to 5, the gradient of failure envelope 

is assumed to be tan(x). 

Table 1: The values of p and q (kPa) with k0 as the lateral pressure coefficient 
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Fig 1. p - q graph of failure envelope (via k0). 

 

 According to Table 1 and Figure 1, the gradient of failure envelope is 1.7185. Considering the 

equation of tan(x) = sinφ and the gradient of graph which is greater than 1, k0 could not be used 

for analyzing the internal friction angle of direct shear test and converting it to the internal friction 

angle of triaxial test. 

 

Table 2: The values of p and q (kPa) with ka as the lateral pressure coefficient 
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Fig 2. p-q graph of failure envelope (via ka). 

 

According to Table 2 and Figure 2, the gradient of failure envelope is 1.927. Considering the 

equation of tan(x) = sinφ and the gradient of graph which is greater than 1, ka could not be used 

for analyzing the internal friction angle of direct shear test and converting it to the internal friction 

angle of triaxial test. 

 

as the lateral pressure coefficient pThe values of p and q (kPa) with kTable 3:  
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Fig 3. p-q graph of failure envelope (via kp). 

 

Based on Table 3 and Figure 3, the gradient of failure envelope is 0.7698. Considering the 

equation of tan(x) = sinφ and the gradient of graph which is less than 1, kp can be used for analyzing 

the internal friction angle of direct shear test and converting it to the internal friction angle of 

triaxial test. It could be concluded that sinφ=0.7698 and φ=50.34. The φ is related to direct shear 

test, but according to φps =1.15φtr equation, the internal friction angle of triaxial test is 43.48. 

 

)/2 as the lateral pressure coefficientp+ kpThe values of p and q (kPa) with (kTable 4:  
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Fig 4. p-q graph of failure envelope (via (kp+ kp)/2). 

 

According to the Table 4 and Figure 4, the gradient of failure envelope is 0.7698. Considering 

the equation of tan(x) = sinφ and the gradient of graph which is less than 1, (kp+ kp)/2 can be used 

for analyzing the internal friction angle of direct shear test and converting it to the internal friction 

angle of triaxial test. It could be concluded that sinφ=0.7159 and φ=45.72. The φ angle is related 

to direct shear test, but according to φps =1.15φtr equation, the internal friction angle of triaxial test 

is 39.76. 

 

)/3 as the lateral pressure coefficientp+ kp+k0The values of p and q (kPa) with (kTable 5:  
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Fig 5. p-q graph of failure envelope (via (k0+kp+ kp)/3). 

 

According to the Table 5 and Figure 5, the gradient of failure envelope is 0.751. Considering 

the equation of tan(x) = sinφ and the gradient of graph which is less than 1, (k0+kp+ kp)/3 could be 

used for analyzing the internal friction angle of direct shear test and converting it to the internal 

friction angle of triaxial test. It can be concluded that, sinφ=0.751 and φ=48.67. The φ angle is 

related to direct shear test, but according to φps =1.15φtr equation, the internal friction angle of 

triaxial test is 42.33. 

 

Fig 6. Maximum shear strength vs. vertical surcharge [1]. 
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In Fig. 6, the TR-B line is the failure envelope of large-scale triaxial test. Using the gradient of 

the corresponding graph, the internal friction angle could be calculated. Moreover, by the Plot 

Digitizer software, the gradient of 88.68 is shown, thus the internal friction angle of 43.5 is 

calculated with tan-1 (88.68). 

 
4- Conclusion 

In order to study the internal friction angle of the gravel, the stress path and failure envelope of 

the sample are drawn and investigated in p-q space via different lateral pressure coefficients, ie. at 

rest (k0), active (ka) and passive (kp) cases, and the combinations of them such as (ka + kp)/2 and 

(k0 + ka + kp)/3. Then they are compared with triaxial test results. The main conclusions are 

mentioned below: 

● The active (ka) and at rest (k0) lateral pressure coefficients could not be used for analyzing 

the results of direct shear test. 

● lateral pressure coefficients of kp, (ka + kp)/2 and (k0 + ka + kp)/3 can be used for analyzing 

the results of direct shear test. 

●The nearness of the results obtained from the direct shear test in comparison with the triaxial 

test results would be acceptable if passive lateral pressure coefficient (kp) is used. The internal 

friction angle of this condition is approximately the same with the internal friction angle of the 

large-scale triaxial test. In case of using lateral pressure coefficient of (k0 + ka + kp)/3, the results 

would be less coincident with actual parameters of soil in comparison with the case of using 

passive lateral pressure coefficient, but the result is still within the expected and appropriate range.  

Finally, it could be stated that, using lateral pressure coefficient of (kp + ka) / 2 in direct shear 

test, the corresponding results are significantly different from the actual parameters of the material. 

The result is not within the expected and appropriate range. 
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