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Abstract 

At present, rock flour is used as a basement filling material and as alternate to fine aggregate in concrete making. The rock flour 

of its abundant availability at rock crushing plant and its granular character can be assessed for its usage as better engineering 

material particularly in reinforced soil constructions by evaluating with reinforcing materials. The grain size, strength and frictional 

properties of rock flour are to be evaluated for using it as fill material in reinforced soil constructions. In present study, laboratory 

investigations are carried out to establish the properties of rock flour and then to evaluate its interfacial friction characteristics with 

geotextiles. Both Modified direct shear test and Pullout test are conducted using rock flour and geotextiles (woven and non-woven) 

to evaluate interfacial shear parameters in dry and wet condition. The geology of the parent rock is also studied for interfacial shear 

parameters of strength characteristics of rock flour. The study revealed better interaction of rock flour with non- woven geotextile 

compared to woven geotextile. The interfacial shear parameters determined from pull out tests are observed to be less (30-40%) 

compared to the values obtained from modified direct shear box tests.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

During the last decade there has been a considerable increase in the use of reinforced soil structures as a solution for civil 

engineering problems. Traditional solutions have lost ground, or have been improved, in order to cope with the savings in cost and 

reduction in construction time provided by the solution using reinforced soil. Research associated with this area has also flourished 

over the last decade, as a result of increase in demand for such structures. In recent years, the uses of geosynthetics to reinforce 

soil masses have been used in civil engineering practices. Geosynthetics are used in many soil structures, such as, reinforced earth 

walls, reinforced slopes, embankments on soft soils, vertical landfills, and foundation soils. These structures have shown their 

promising performance both under static and dynamic loads. Despite the acceptance of the technique in engineering practice, in 

the recent years, few failures of reinforced earth structures were reported due to the use of unsuitable backfill materials. Such a 

deviation from the standard backfill criteria was attributed to the inevitable use of locally available soils due to the scarcity for 

suitable soils at work sites. The presence of excess fines and their plasticity is attributed to the failure of the reported structures. It 

is known that the stability of the reinforced earth structures depends on good interaction between the reinforcement and the backfill 

material. The presence of excess fines and their plasticity affect the interface shear strength to a greater degree, especially in wet 

condition. The main material that depends upon the construction is fill material and its interaction with reinforcing material which 

is being used. Mostly granular soils are preferred when compared to silts and clay, as they possess higher value of friction 

coefficient with reinforcing materials and do not show considerable reduction in friction coefficient. In general, modified direct 

shear tests are being conducted for the construction of embankments, retaining walls, bridge abutments etc. with the use of 

geosynthetics, but in reality pullout test principle is involved in the construction of civil engineering structures, due to insufficient 

availability of pullout test apparatus. In modified direct shear test the reinforcement will be constant and the sand will be displaced 

wherein in pullout test the reinforcement will be displaced and the sand will be constant. 

II. FRICTION COEFFICIENT 

The 'coefficient of friction', also known as 'frictional coefficient' or 'friction coefficient' and symbolized by letter ‘f’, is a 

dimensionless scalar value which describes the ratio of the force of friction between two bodies and the force pressing them 

together. The coefficient of friction depends on the materials used. For example, ice on steel has a low coefficient of friction, while 
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rubber on pavement has a high coefficient of friction. Coefficients of friction range from near zero to greater than one under good 

conditions. In frictional fills, the friction coefficient (f) is given as the tangent of interfacial angle, ϕμ between soil and 

reinforcement. 

f = tan ϕμ 

Where, friction coefficient is independent of normal stress in granular soils. In cohesive frictional fills, the friction coefficient 

can be expressed as 

f = Ca/ σ + tan ϕμ 

Where, Ca = adhesive intercept 

σ = normal stress at which ‘f’ is required. 

Friction coefficient is dependent upon normal stress in the case of cohesive frictional and pure cohesive soils. 

III. DETERMINATION OF INTERFACIAL SHEAR PARAMETERS 

Ca and ϕμ are determined by conducting laboratory tests. There are three methods to determine the friction coefficient. They are 

 Modified direct shear test. 

 Tri-axial test. 

 Pullout test. 

 Modified Direct Shear Test:  

It is in use for a long time. The conventional box shear apparatus is used for the test. The upper half portion of the box is filled 

with soil at the required density and moisture content while the lower half is filled with reinforcement (Potyondy; 1961). The other 

version is to fill upper half with the soil, lower half with some other material like wood etc. and reinforcement material is kept on 

the wooden pieces (Hussaini and Perry; 1978). During shearing the soil slides along the reinforcements. The test is done in a way 

similar to conventional direct shear test by finding shear strengths mobilized under different applied normal stress. The failure 

envelope is plotted against the values of Normal stress applied versus Shear strength and the values of adhesion and angle of 

interfacial friction are determined. 

 Tri-axial Test:  

Circular rings or disks of various sizes cut from reinforcement are placed at various intervals in the tri-axial sample and the testing 

in conventional way. The values of adhesion and angle of interfacial friction are determined by drawing failure envelope obtained 

as the common tangent drawn to the Mohr’s circles drawn for different Values of 1 (Axial Stress at Failure) and 3 (Cell 

Pressure). The conditions do not simulate field conditions and hence direct shear tests and Pull out tests are generally used to 

evaluate friction coefficients. 

 Pullout Test:  

(A. Sridharan and Hans Raj Sing; 1984)., I.I.Sc., Bangalore used an apparatus consisting of a box made out of 6 mm thick mild 

steel plate of size 305 mm x 76 mm x 102 mm, with a top plate of size 303mm x 74 mm and a side hole of diameter 40 mm through 

which reinforcing material could be inserted. The soil is half filled in the box, the reinforcement is placed carefully and top half of 

soil is filled. The normal load is applied on cover plate by a self-straining loading frame with a screw jack. The normal load is 

measured by a proving ring. Then the reinforcement in horizontal position is pulled out at required speed and the pull out is 

measured by a proving ring and pull out lengths by a dial gauge. The frictional characteristics are determined by plotting Failure 

envelope between Pullout resistance and applied normal stress values. 

IV. NEED FOR COST EFFECTIVE FILL MATERIALS 

In general, coarse granular soils are used in reinforced soil constructions; river sand is most probably preferred for the civil 

engineering constructions as it consists of good quality moorum soil and possess high angle of shearing resistance. This material 

is referred to be highly expensive and is rarely available. In order to compensate cost effective fill materials are used in 

constructions. It is also called as frictional fill or granular fill. It can be defined as good quality, well graded, non-corrosive material, 

possessing good angle of internal friction. Normally crushed rock, river sand and gravel come under this category. 

 Fill Materials in Use from Industrial Wastes 

Some industrial wastes are used as fill materials in reinforced soil structures other than rock flour such as fly ash, bottom ash, pond 

ash and zinc slag. 

1) Fly Ash is a finely divided residue resulting from the combustion of powdered bituminous coal or sub bituminous coal (lignite) 

and transported by fuel gases of boilers fired by pulverized coal or lignite. Fly ash is highly fine grained non-plastic material. 

The fly ash has low permeability and low soaked CBR value. Hence it is not suitable for use in structural layers of pavements. 

However, due to rich silica content, it may be considered as pozzolanic material in preparation of lime stabilized soil sub-
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bases/bases of flexible pavements. Fly ash is a valuable bulk fill material and large quantities of fly ash can be used in 

embankments. 

2) Bottom Ash is the ash collected at the bottom of boiler furnace, characterized by better geo-technical properties. Bottom ash 

is well graded coarse grained non plastic material. The bottom ash has reasonably good permeability and good frictional 

characteristics. Hence bottom ash is suitable for use as fill material in reinforced soil constructions, back fills behind retaining 

walls, basements and as filter material in base lining system of landfills, construction of embankments etc. Bottom ash and 

pond ash have been used as structural fill materials for the construction of highway embankments and/or the backfilling of 

abutments, retaining walls, or trenches. 

3) Pond Ash is the mixture of fly ash and bottom ash together with water to form slurry, which is pumped to the ash pond area. 

In ash pond area, ash gets settled and excess water is decanted. This deposited ash is called pond ash. Pond ash is well graded 

coarse grained non-plastic material. The pond ash has reasonably good permeability and good frictional characteristics. Hence 

pond ash is suitable for use as fill material in reinforced soil constructions. This is used as filling materials including in the 

construction of roads & embankments. 

4) Zinc Slag a ferrosilicate slag also referred as ISF (Imperial Smelting Furnace) slag is a by-product generated during the primary 

smelting of zinc ore in a form of blast furnace. It is a granulated, glassy material and has the appearance of dark coloured sand. 

It typically has a particle size distribution between coarse and fine sand and Zinc slag is well graded coarse grained material. 

It is a granular material with little amount of fines possesses good frictional and reasonable drainage characteristics. Hence it 

can be advantageously used in construction of embankments. Further the material develops good bond with reinforcing 

materials. 

V. AIM AND OBJECTIVES OF THE WORK 

The present study is aimed to determine the frictional characteristics of rock flour with geotextiles. The work have been planned 

to achieve the following objectives: 

 Collection of parent rock and rock flour from a selected quarry which is located at Adilabad. 

 To study the geological characteristics of the parent rock. 

 Evaluation of engineering properties of rock flour and geotextiles 

 Evaluation of interfacial friction between rock flour and geotextiles. 

 To study the factors influencing interfacial friction between rock flour and geotextiles. 

 To compare interfacial shear parameters obtained from modified direct shear box and pull out test. 

 Explore the potentiality of rock flour for use in reinforced soil constructions. 

VI. CHARACTERIZATION OF ROCK FLOUR  

The rock flour for the study has been collected from a quarry located at Adilabad.  

Extensive laboratory investigations namely grain size analysis; Atterberg limit tests, I.S heavy compaction test, direct shear test, 

and falling head permeability test are proposed to characterize the rock flour. 

VII. INTERFACIAL SHEAR PARAMETERS OF ROCK FLOUR WITH GEOTEXTILES 

There are three laboratory methods used for determining the interfacial shear parameters of rock flour with geotextiles are: 

 Tri-axial Test 

 Modified Shear Box Test 

 Pullout test 

But in Tri-axial Test it does not give the accuracy of field conditions and hence Modified Direct shear test Potyondy (1961), 

Hussaini and Perry (1978) and Pullout test are generally used to evaluate interfacial shear parameters. Therefore the two laboratory 

methods are explained below. 

 Modified Shear Box Test 

Modified Shear Box Tests are conducted on the rock flour at OMC and MDD condition and also in soaked Condition to evaluate 

the interfacial shear parameters adhesion and angle of interfacial friction with Woven and Non-Woven Geotextiles. In the upper 

half of the shear box, rock flour is placed by compacting at OMC and MDD condition Potyondy,(1961). At initial set up, geotextile 

fabric is placed as a rigid material as the base of metal of the Modified shear box test 

Hussaini and perry (1978). During shearing the rock flour particles slide along the surface of the reinforcement. The test is done 

in a way similar to conventional direct shear test by finding shear strengths mobilized under different applied normal stress. The 

failure envelope is plotted against the values of Normal stress applied versus Shear strength and the values of adhesion and angle 

of interfacial friction are determined. The test is conducted using a conventional shear box apparatus, wherein, the upper half 

portion of the box is filled with rock flour at the required density and moisture content while the lower half is filled with geotextile 

reinforcement Potyondy, (1961). Since geotextiles are compressible under normal loads, the rock flour in the upper half portion of 
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the shear box, during shearing, may not slide exactly along the surface of the geotextile. As a result, the method suggested by 

Potyondy, (1961) may not reflect the true interfacial shear parameters between rock flour and Geotextile. To overcome this 

problem, Hussaini and Perry (1978) recommend filling the upper half portion of the shear box with rock flour and the lower half 

with a different material such as wood. The reinforcement material is then kept on top of the wooden piece. 

 
Fig. 1: Non-Woven and Woven Geotextiles of Modified Shear Box Test 

 
Fig. 2: Set up of Modified Shear Box 

 Pullout Test 

Pullout Tests are conducted on the rock flour sample at OMC and MDD condition and also in soaked Condition to evaluate the 

interfacial shear parameters adhesion and angle of interfacial friction with Woven and Non-Woven Geotextiles. At initial set up 

geotextile fabric is placed in between the upper half and lower half which has been filled with rock flour in pullout apparatus. Both 

lower half and upper half of the shear box, rock flour is placed by compacting at OMC and MDD condition. In pullout test apparatus 

the proving ring reading is under tension and the knob pulls the shear box backward until the geotextile fails. The dial gauge 

reading and proving ring reading are adjusted to zero at initial stage of the experiment. This experiment has been done manually. 

Shear load is applied at constant rate of strain. The pullout test is conducted under varying normal stresses to determine the angle 

of internal friction and adhesion. The test was conducted in both dry and wet condition. 

 
Fig. 3: Non-Woven Geotextile embedded in Pullout Test Apparatus 
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VIII. GEOLOGY OF PARENT ROCK OF ROCK FLOUR 

While procuring rock flour from rock crushing plants located at Adilabad, samples of parent rock are also collected for analysis. 

The parent rock is identified as granite. The properties of parent rock are given below. 

1) Classification of Rock: Igneous rock. 

2) Colour: Leucocratic to mesocratic (light grey colour). 

3) Structure & Texture: Pheneric medium to course. 

4) Grain Size: The rock varies in grain size from fine to coarse grained. 

5) Hardness of Rock: Massive compact. 

6) Essential Minerals: Granite contains quartz, feldspar and muscovite mica etc. are 

7) Important constituent minerals. 

8) Accessory Minerals: Horne blende, ferromagnetism minerals etc. 

9) Secondary Minerals: There are no secondary minerals observed in rock specimen. 

10) Compressive Strength: The compressive strength of parent rock of rock flour sample is 2906 (t/m2). 

11) Poisson’s Ratio: The Poisson’s ratio of granite rock is 0.35 The Granite is generally used as foundation rock, decorative, floor 

rock etc. 

IX. EVALUATION OF GEOTEXTILE PROPERTIES 

Laboratory investigations are carried out on geotextiles to determine the physical and mechanical properties. 

 
Fig. 4: Woven Geotextile during Shearing 

 
Fig. 5: Non-Woven Geotextile during Shearing 

The properties of woven and non-woven geotextiles are tabulated below. 
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Table – 1 

Properties of woven and non-woven geotextiles. 

S.No Property Woven Geotextiles Non-Woven Geotextiles 

1 Mass per unit area (g/m2) 136 276 

2 Thickness(mm) 0.34 2.96 

3 Tensile strength (kN/m) 12.5 8.75 

4 Elongation at failure (mm) 22.45 73.94 

5 Strain at failure (%) 11.8 36.97 

X. EVALUATION OF INTERFACIAL SHEAR PARAMETERS ON MODIFIED SHEAR BOX TEST AND PULLOUT TEST 

 Modified Shear Box Test: 

The interfacial shear parameters of rock flour with woven and non-woven geotextiles determined from modified direct shear tests 

are summarized in Table 2. Figure 7 depict the failure envelopes of rock flour with woven geotextile at OMC and MDD and in 

saturated states respectively. Figure.4.10 shows the failure envelopes of rock flour with non-woven geotextile at OMC and MDD 

and in saturated states respectively. 

 
Fig. 6: Line Diagram of Modified Shear Box Test 

 
Fig. 7: Failure Envelope of Rock Flour with Woven Geotextile in OMC & MDD and Soaked Condition 
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Fig. 8: Failure Envelope of Rock Flour with Non-Woven Geotextile in OMC & MDD and Soaked Condition 

 Pullout Test 

The cross section of modified shear box specimen is shown in Fig 9. The interfacial shear parameters of rock flour with woven 

and non-woven geotextiles determined from pullout tests are summarized in Table 3. Figure 10 depict the failure envelopes of rock 

flour with woven geotextile at OMC and MDD and in saturated states respectively. Figure 11 shows the failure envelopes of rock 

flour with non-woven geotextile at OMC and MDD and in saturated states respectively. 

 
Fig. 9: Line Diagram of Pullout Test 

 
Fig. 10: Failure Envelope of Rock Flour with Woven Geotextile in OMC & MDD and Soaked Condition. 
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Fig. 11: Failure Envelope of Rock Flour with Non-Woven Geotextile in OMC & MDD and Soaked Condition. 

The interfacial shear parameters of modified shear box test (c & ɸ) are determined from the above figures 7 and 8. 
Table – 2 

Interfacial Shear Parameters of rock flour with Geotextiles by Modified Shear Box Test 

Interfacial Shear Woven Geotextiles Non-Woven Geotextiles 

Parameters 
OMC & MDD Wet OMC & MDD Wet 

Condition Condition Condition Condition 

Adhesion 0 0 0 0 

     

Angle of Interfacial 32° 30° 35° 33° 

Friction     

The interfacial shear parameters of pull out test (c & ɸ) are determined from the above figures 10 and 11. 
Table – 3 

Interfacial Shear Parameters of rock flour with Geotextiles by Pullout test 
Interfacial Shear Woven Geotextiles Non-Woven Geotextiles 

Parameters 
OMC & MDD Wet OMC & MDD Wet 

Condition Condition Condition Condition 

     

Adhesion 0 0 0 0 

     

Angle of Interfacial 22° 19° 23° 20° 

Friction     

XI. INTERACTION STUDIES OF ROCK FLOUR WITH GEOTEXTILES MODIFIED SHEAR BOX TEST STUDIES 

The test results in table 1 indicates that rock flour sample exhibited higher values of interfacial friction angles with woven (Ø =32° 

and 300 in OMC & MDD condition and in wet condition respectively) and non-woven geotextiles (value of Ø in OMC & MDD 

condition is 35° and in wet condition is 33°). Woven geotextile exhibited relatively lesser interfacial frictional angles compared to 

the non-woven geotextile because of lower percentage of fines and presence of angular particles. The interfacial friction angles are 

about 0.83 to 0.88 times the angle of internal friction of rock flour. Based on the earlier work done by Makiuchi and Miyamori 

(1988) (10), it is reported that sand mobilize interfacial friction angles only to the extent of 0.75 to 0.9 times angle of internal 

friction of sand. Hence it can be concluded that rock flour mobilizes better frictional characteristics over sand and so it can be 

advantageously used to replace sand as fill material in the Reinforced Soil Constructions. 

 Pullout Test Studies 

The pull out test results in Table 2, indicate that rock flour sample exhibited lesser values of interfacial friction angles with woven 

(value of Ø in dry condition is 22° and in wet condition is 19°) and non-woven geotextiles (value of Ø in dry condition is 23° and 

in wet condition is 20°) in comparison to the values obtained in modified shear box tests. The interfacial friction angles are about 

0.53 to 0.56 times the angle of internal friction of rock flour. The reduction in the values of mobilized friction angle are attributed 



A Study on Interfacial Shear Parameters of Rock Flour with Geotextile from Modified Direct Shear Box and Pull out Test  
(IJSTE/ Volume 2 / Issue 11 / 072) 

 

 All rights reserved by www.ijste.org 
 

408 

to displaced positions of rock flour particles during shearing due to pullout as it is poorly graded material. However as a Factor of 

Safety of 3 is used in estimation of mobilized frictional 

Resistance in design, usage of values obtained from modified direct shear tests does not affect the stability 

XII. CONCLUSIONS 

From the laboratory investigations carried out on rock flour and interaction studies on rock flour with woven and no- woven 

geotextiles, the following conclusions have been drawn. 

 The rock flour is coarse grained material with more sand sized particles with good frictional and drainage characteristics (k = 

4.31×10-4 cm/s). 

 Rock flour can be used as fill material in reinforced soil constructions as it satisfies frictional fill requirements. 

 The rock flour of granite origin mobilizes higher friction angle with nonwoven geotextile in comparison to woven geotextile. 

 The rock flour under study mobilized interfacial friction in a better manner in comparison to sand and hence, it should be 

preferred to sand in reinforced soil constructions. 

 The interfacial shear parameters determined from pullout tests are observed to be less (30-40%) compared to the values 

obtained from modified direct shear box tests. 

 Apart from improving the quality of reinforced soil construction, the construction cost can be reduced since rock flour is 

available at low cost. Hence Rock flour apart from the present use in basement fillings, concrete making as fine aggregate, can 

be readily and effectively utilized as fill material in construction of Reinforced Earth Structures such as Reinforced Earth 

Retaining Wall, Reinforced Soil Bed, and Reinforced Embankments. 
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