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Reinforcing soil using different geosynthetic materials is a more viable and a highly 
accepting method used in improving the performance of any geotechnical structure. On 
other hand the gap in demand and availability of sandy soils is increased due to the legal 
limitations of quarrying in downstream rivers and lakes, resulting in acute demand for 
feasible alternate materials. Rock-flour is generated as a by-product of rock crushing 
plants that generate tiles/coarse aggregate for construction activities. In this study, 
attempt is made to understand the potential of rock-flour as a replacement for sand and 
also to assess the performance of rock flour while in contact with reinforcing 
geosynthetic. Results have shown that the rock flour satisfies the requirements for its use 
as a replacement to sand. The high capacity of rock flour due to its enhanced angularity 
had shown better interface characteristics when used in combination with geosynthetic. 
Effect of varying compaction conditions on performance of rock-flour and reinforced 
rock-flour are studied in detail. A significant increase in California bearing ratio (CBR) 
value is observed by incorporating geosynthetic in rock flour. Further studies to 
understand the effect of rock-flour from different sources with different geosynthetics 
would help in understanding the limitation of results observed from this study. 

KEYWORDS- Rock-flour, geosynthetic, strength, compaction, California bearing ratio 
(CBR).  
------------------------------------------------------------------------------------------------------------
I. Introduction  

Geosynthetics has multi-facet applications in ground improvement as reinforcing 
material, separator, filter, drainage and else more. The commercial products exist in 
different forms to suit definite applications; the industries also allow for custom design of 
product for particular application. Use of natural fibrous materials (plant products) are also 
gaining demand for applications that require limited life improvement. The most 
commonly and early use of geosynthetics is for reinforcing purpose where a planar fabric 
is laid in between sand/soil layers for improving the capacity of founding strata. One of 
the main objective of this study is to understand the improvement induced by a woven 
geosynthetic material in a selected sandy soil. 

Founding strata changes with the geology of the location and cohesive soil with high 
clay contents are not preferable for heavy construction activities vowing to their weak 
capacity. To enhance the performance of these soils, fills of sand of sandy soils are done. 
However, with increasing development in infrastructure the demand for sand raised multi-
fold. Considering the environmental disaffects (decrease in ground water table), the 
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quarrying of sand from down-stream river beds was legally limited in many of the 
locations. The transport of huge amounts of sand from source to construction site is also 
an uneconomic option. In summary, there is an acute demand for alternate material i.e. 
feasible for replacement of sand. Rock-flour by product of aggregate quarry is a better 
option for this. The high strength of rock-flour allows for limited replacement of clayey 
strata. Reinforcing with geosynthetics would further decrease the amount of rock-flour 
need to be transported. The main contribution of this work is to understand the potential of 
rock-flour as replacement to sand and the amount of improvement induced by reinforcing 
the rock-flour. 

II. Materials and methods 

Rock-flour used in this study is procured from a quarry site near Pangidi located in 
Rajhamundry. The rock-flour is an extract of granite rock and therefore possess higher 
strength than usual materials. The physical properties of the rock-flour evaluated using the 
standard methods are summarized in table 1. While the grain size distribution and 
compaction curves are portrayed in Figure (1) and (2) respectively. The textile properties 
of the woven geotextile used in this study are summarized in table 2. The properties of the 
materials used in this study are observed to be in satisfactory range. 

Sl. 
No.

Property Standard 
code 

Value 

1 Specific 
Gravity 

IS 2720 
part-3  

2.70 

2 Gradation 
characteristics 

IS 2720 
part-4  

GS 

3 Liquid limit IS 2720 
part-5  

22 

4 IS light 
compaction 

characteristics 

IS 2720 
part-7  

OMC-15% 
MDD-

2.05g/cc 
5 IS heavy 

compaction 
characteristics 

IS 2720 
part-8  

OMC-9% 
MDD-

2.19g/cc 
6 Coefficient of 

permeability 
IS 2720 
part-36  

2.8 *10-3 
m/s 

Table.1 Physical properties of rock-flour 
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Fig.1. Grain size distribution of Rock-flour 
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Fig.2. Compaction characteristics of Rock-flour 

The strength of the rock-flour is evaluated using the direct shear test as per the 
recommendations of IS 2720 Part-39 (1986). Direct shear test is the most commonly 
employed geotechnical investigation in determining the strength of soil materials 
(Yamsani et al. 2016). The improvement with geotextile is evaluated using the interface 
shear investigation following the methods detailed in Anubhav and Bhasudhar (2013). The 
practical application concerned with strength improvement of reinforced rock-flour is 
evaluated using the California bearing ratio (CBR) investigation in accordance with IS 
2720 part-16 (1987). CBR is the most commonly used method in understanding the 
performance of sub-base soil for paving purpose (Pokharel et a. 2002). 

Sl. 
No. 

Property Standard 
code 

Value 

1 Specific surface - 1.61m-1 
2 Grab tensile load ASTM D 

4632 
490 Kg 

3 Dynamic 
perforation test 

ISO 13433 12 mm 

Table.2 Geosynthetic properties of woven geotextile 

III. Results and Discussion 

Figure 3 details the shear characteristics of the rock-flour investigated both at IS light 
and heavy compaction states. From figure it is clearly evident that with increasing 
compactive effort, there is a significant improvement in strength of the material i.e. the 
friction angle ‘φ’. The ‘φ’ value increased from 51° to 57° from light compaction to heavy 
compaction. There is a slight increase in peak shear stress value at lower normal stress, 
this could be due to the dilation effect observed in dense materials: similar observations 
are detailed in Yamsani et al. 2016. From this it can be understood that for better 
performance compacting to higher densities is suitable. 

 
Fig.3. Shear stress variation of rock-flour with normal stress for different compactions 
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The results of interface shear characteristics of geosynthetic rock-flour interface are 
detailed in Figure 4. From figure it can be observed that interface friction angle ‘δ’ is 
38.6°. Dilation effect similar to shear characteristics is observed in this case. The decrease 
in frictional resistance from pure frictional material to geosynthetic:rock-flour interaction 
is owing to the smooth surface of woven geotextile. However, the frictional resistance is 
decreased to an extent the tensile capacity of the soil composites gets increased due to the 
geosynthetic inclusions. For better assessment of the improvement induced by 
geosynthetic inclusion, the CBR investigation is performed and the results are discussed in 
the following section. 

 

 
Fig.4. Modified direct shear evaluation of geosynthetic:rock-flour interface 

The CBR load variation of rock-flour with two layer geosynthetic inclusion between 
three layers of compaction for IS light and heavy CBR testing are presented in Figure 5. A 
clear increase in CBR load can observed from light to heavy compactive efforts. The CBR 
load at 5mm penetration was observed to be much higher than that at 2.5mm penetration. 
This was observed for repeated experimentations and also for both light and heavy CBR 
test criteria. Hence the CBR value for 5mm penetration is considered for as the CBR load 
and there the CBR load for the light compaction is found to be 450 kg while that for heavy 
compaction is found as 1325 kg. 

 
Fig.5. CBR evaluation of rock-flour with geosynthetic inclusion under different 
compaction states 

IV. Conclusions and future scope 

From the limited investigations made in this study, the following conclusions are 
drafted. The rock flour can be treated as the best replacements for sand, as the rock flour 
possess all the civil engineering properties on par with sand. For better performance heavy 
compaction can be adopted as observed from shear and CBR studies. The geosynthetic 
inclusion has shown better performance in CBR investigations and hence is suggested for 
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economic and efficient constructions.  The investigations need to be prolonged with 
different type of geosynthetic combinations and model studies need to brought forward for 
more detailed understanding about performance of geosynthetics. 
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