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ABSTRACT:  Five variants of sandstone (of distinct appearance) from central India have been investigated in the 

laboratory, for their geotechnical properties and parameters. The variants include: Sandstone (SS), off-white to light grey 

sandstone (WGSS), Light greenish to off-white sandstone (GWSS), Red grayish sandstone (RGSS) and Reddish Brown 

sandstone (RBSS). These sandstones were obtained from different locations in Betwa river basin. Qualitatively all the 

variants of sandstone have shown low porosity (1-5%) with high density class. But, quantitatively, it is observed that 

strengths, namely uniaxial compressive strength, Tangent modulus (E), shear strength, are lower for sandstones belonging 

to Hematite group (RGSS and RBSS). In case of strengths such as point load strength index (axial) and point load strength 

index (diametral) and indirect tensile strength, there is large variation within Hematite group sandstones. A diffused and 

qualitative relation exists with the waves’ velocities i.e., compression wave velocity (dry and saturated) and shear wave 

velocity (dry and saturated) and dynamic deformability characteristics (Edyn and µdyn) and other engineering parameters 

namely UCS, E and  . 
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1 INTRODUCTION  

The present study compares five variants of 

sandstones (of distinct appearance) from Central 

India have been investigated in the laboratory for 

their geotechnical properties and parameters.  

The variants in the study include Sandstone (SS), Off 

white to light grey sandstone (WGSS), Light 

greenish to off white sandstone (GWSS).To 

understand the influence of Fe oxides on the strength 

and deformation of rock - Red greyish sandstone 

(RGSS) and Reddish brown sandstone (RBSS) 

variants - have also been selected. Each of these 

rocks were separately investigated for strength 

parameters – uniaxial compressive strength (UCS), 

indirect tensile strength (Brazilian), apparent 

cohesion and angle of internal friction and point load 

strength index – in saturated condition. And, static 

deformability characteristics i.e., Young’s Modulus 

(E) and Poisson’s ratio (µ) have also been 

investigated.  

For holistic assessment of rock, four waves’ 

velocities – namely, compression wave velocity in 

dry state [Vp(dry)], compression wave velocity in 

saturated state [Vp(sat)], shear wave velocity in dry 

state [Vs(dry)], and shear wave velocity in saturated 

state [Vs(sat)] – are evaluated, by ultra-sonic pulse 

method.  

Employing the following basic equations (Darracott 

and Orr, 1976), in dynamic state, Young’s modulus 

(Edyn) and Poisson’s Ratio (µdyn), are calculated using 

Vp, Vs and density (ρ): 

Edyn = ρ Vs
2 (3Vp

2 - 4Vs
2) / (Vp

2 - Vs
2) (1) 

µdyn = (Vp
2 – 2Vs

2) / 2(Vp
2 – Vs

2) (2) 

Other properties such as slake durability index (first, 

and second, cycle), bulk density (dry and saturated, 

both), grain density were evaluated to know the 

organisation of the material and its ability to 

withstand weathering. Using X-ray diffraction 

(XRD) analysis, the composition of minerals in 

RBSS (one of hematite group rock) is also quantified. 

The investigations have been carried out as per ISRM 

suggested methods (Blue book) and discussed ahead. 

2  MINERALOGICAL COMPOSITION 

Using Cukα radiation (λ=1.5404A
0
), the 

representative powdered sample of rock is used, for 

quantification of minerals through X-ray diffraction 

analysis (XRD). Figure 1 shows the diffraction 

pattern of Reddish Brown Sandstone, RBSS 

(Relative Intensity v/s 2 THETA).   
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Fig.1 X-ray diffraction pattern of RBSS 

The pattern revealed quartz as a dominant mineral 

(nearly 93%), with traces of Fe-Ti oxides (of 

Hematite group) and plagioclase feldspar or anorthite 

(CaAl2Sio2O8). The mineral oxide belonging to 

Hematite group has caused pigmentation to the rock. 

In general, quartz and anorthite minerals are of brittle 

in nature with high hardness. 

3 DISCUSSION OF RESULTS 

For all the variants three types of investigations – 

namely, those pertaining to strengths, waves’ 

velocities and water-related and identification 

properties – were undertaken.  

3.1 Strengths 

Table 1 shows the strength parameters in saturated 

condition namely UCS, static deformability 

characteristics (E and µ), σt(sat), cohesion (c), angle of 

internal friction (ɸ) and Is(50)sat in both diametral and 

axial conditions, for five variants. 

3.1.1 Uniaxial Compressive Strength (UCSsat) 

The representative values show that the variants 

belong to Hematite group (RGSS and RBSS) were 

failed at much lower strengths compared to other 

sandstones. As per ISRM class, the variants of 

Hematite group falls in ‘Moderate strength’ category 

where as other variants in ‘High strength’ category. 

Figure 2 shows two of the failed samples; most of the 

samples under compression experienced “spalling 

failure”. The minerals quartz and twin cleavage 

feldspars are essentially responsible for this type of 

failure, which is controlled by micro structural 

properties of rock.  

Also, it is inferred that possibly because of chemical 

weathering on saturation, strengths of Hematite  

Table 1 Strength parameters (in saturated state) 

Rock Type          SS      WGSS      GWSS RGSS       RBSS 

          (Representative values) 
 

UCSsat(MPa) 90 90 100    28 50 
 

ISRM Class H            H           H   Mo Mo 
 

Esat (GPa) 55 70   65    22 30 
 

µsat 0.2 0.17 0.21   0.18 0.15 
 

σt(sat) (MPa) 13.3 11   12    2.6 15 
 

Shear Strength Parameters 
    

c (MPa) 5             5             5    2.2           3.5 

Φ (degrees) 55           55          55    40            55 

Point load strength index(MPa) 
    

Is(50)sat-Dia 6 5.6 5.3   4.5 7.5 
 

Is(50)sat-Axial                7.4 5.6 7.1   6.3 7.5 
 

Ia (sat) 1.2 1.0 1.3   1.4 1.0 
 

   Mo-Moderate; H- High 

 

Fig. 2 Spalling failure of RBSS in UCS test 

 

Fig.3 Variation of UCSsat  
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group sandstones were reduced. Physically it can be 

judged with the factors such as - change of mineral 

colour, occurrence of staining and the textural change 

of grains due to rapid weathering. Figure 5 shows the 

sample failed during triaxial test due to chemical 

weathering (change of colour of mineralogical band) 

inside the sample. However, the elemental analysis of 

sample (EDX) for the presence of Fe
+3

 oxides shall 

give more clear understanding of the stage of 

weathering. Figure 3 shows the variation for 20% to 

100% range of UCSsat for all variants of sandstones. 

It is observed that UCS is least for Hematite group 

sandstones followed by non-Hematite group 

sandstones. The three non-hematite group sandstones 

have overlapping of UCS data varying from 100-

150MPa.  

3.1.2 Static Deformability characteristics 

 

 

Fig.4 Variation of Esat and  µsat  

The variation of Elastic Modulus and Poisson’s ratio 

for all the sandstones is as shown in Figure 4. Similar 

to UCS, Hematite group sandstones have shown low 

Esat compared to other variants.  Even for apparent 

cohesion and angle of internal friction (c and ϕ) 

Hematite group sandstones failed under low shear 

strength. It is also observed that there is marginal 

variation in µsat data across all the variants. 

 

Fig.5 Failure of RBSS sample in triaxial test 

In case of strengths such as Brazilian strength, σt(sat), 

Point Load strength index (axial and diametral 

loadings) large variation  is observed among the 

variants of Hematite group(RGSS and RBSS). 

3.1.3 Dynamic Deformability characteristics  

The samples have been investigated for waves’ 

velocities (Vp, Vs) in both dry, saturated conditions. 

Applying basic equations (Darracott and Orr, 1976), 

dynamic deformability characteristics were 

computed.  

The table 2 shows that on saturation the computed 

Edyn in dry state is less than Edyn in saturated state; 

whereas, in case of Estat, the value invariably 

decreases on saturation. For µdyn, the computed 

values for the rock are simply unrealistic in dry and 

saturated both states. As such, the assumptions 

involved in computation of Edyn  and µdyn, are not 

valid for most rocks (Abdullah et.al., 1999, 2004, 

2010 & 2013). 

Table 2 Dynamic deformability characteristics 

Rock Type SS      WGSS    GWSS RGSS    RBSS 

Edyn-dry (GPa) 46          51            61                63             45 
 

Edyn-sat (GPa) 58 64   74   77   52 
 

Increase in Edyn  

on saturation      26          26     

(%)                         

  21  22   18 
 

µdyn-dry 0.24 0.26   0.24 0.33 0.37 
 

µdyn-sat                        0.25      0.28 0.23 0.31 0.37 
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Fig.6 Variation in Waves’ velocities 

Figure 6 shows the compressive and shear wave 

velocities of all the variants in saturated state. It is 

clear from the figure that Hematite group samples 

have recorded low values compared to rest of 

sandstones.  

3.2 Water related and Weathering Properties 

Table 3 Water related and weathering properties 

Rock Type SS WGSS GWSS RGSS RBSS 

w.c. (%) 0.9 0.9 0.7 1.3 1.5 

Porosity (%) 2.3 2.2 1.8 3.7 4 

Porosity Class -------      Low Porosity   ----------------------- 

S.D.I, I (%) 99.6 99.4 99.5 98.6 99 

S.D.I, II (%) 99.4 99.2 99.3 98.4 98.5 

Durability 

Class 

-------------Very High -------------------------- 

Densities      

γdry (kg/m
3
) 2570 2577 2745 2820 2600 

Density Class H H   H V.H    H 

γsat (kg/m
3
) 2592 2598 2757 2856 2620 

γgrain (kg/m
3
) 2678 2794 2816 2876 2700 

H- High; V.H – Very high 

 

The bulk densities were measured in both states, dry 

and saturated. Table 3 shows that there is little to 

differentiate the variants in respect of densities. 

Qualitatively, all the variants fall in low porosity (1-

5%) and very high durability (>98%) category. 

   

 

4 CONCLUSIONS 

It is inferred that the variability is induced on account 

of chemical weathering of rock because of presence 

of oxides of iron (Fe203). This has resulted in drastic 

reduction of strength and tangent modulus of 

Hematite group sandstones (RGSS and RBSS) on 

saturation. All the investigated engineering 

parameters, including waves’ velocities, of Hematite 

group of sandstones are inferior to rest of variants. 

However, qualitatively, all the variants fall in low 

porosity (1-5%) and very high durability (>98%) 

category. 
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