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Abstract 
 
Soil properties differ widely from place to place due to non uniform 
deposition of sediments and hence in case of inappropriate soil, stabilisation 

is a remedy to opt for. This study aims to investigate the possibility of 

utilization of marble dust and paddy straw fiber as a partial replacement of 
soil. The paddy straw fiber is locally available agricultural waste material 

which is a major hazardous to our environment because of its disposal 

problem and issues related to its burning which causes pollution. In this 
experimental investigation, marble dust was used to replace the soil at 

varying percentage of 25%, 30% and 35%. The paddy straw fibers were used 

to partially replace the soil at varying rates of 0.8%, 1% and 1.2%. Because 

of the non uniformity in dimensions of the fiber, paddy straw fiber was used 
in varied aspect ratio i.e. 75mm x 2mm, 100mm x 2mm and 125mm x 2mm. 

The engineering properties like maximum dry density, optimum moisture 

content and unconfined compressive strength were determined for different 
soil mixes with varied aspect ratios and percentage of paddy straw fibers and 

marble dust. The consequence of this experimental investigation determine 

that unconfined compressive strength significantly increased with the 

inclusion of paddy straw fibers and marble dust and achieved its peak value 
at 25% marble dust, 0.8% paddy straw fiber content with aspect ratio of 75 

mm x 2 mm. 
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1 Introduction 
 

Soil is the only material which is easily available on the earth and used in 

many purposes in construction of structure. Soil engineering features 

depends on highly concentrated substances such as minerals, water table, soil 

water conduct and so on which fluctuate according to zone to zone. Because 
of which we can't get properties reasonable to our requirement of 

development. Paddy straw is an agriculture residue from rice cultivation and 

milling processes. The burning of paddy straw fiber leads to widespread 
impacts on the farm and outside the farm, e.g. Loss of soil content, soil 

nutrients, productivity and productivity, air quality, biodiversity, energy and 

resilience as well as human and animal health. [1]–[3]In India, being a major 

producer of rice and residue, the effects of burning of fossils are becoming 
more severe. Scientists and investigators, on the other hand, have studied the 

technology of paddy straw grass fiber management technology as alternatives 

to burning paddy grass[4]–[9]. Marble dust is a waste product of the marble 
stone industry. This dust is produced in the process of cutting of marble 

stone. Marble stone is a type of metamorphic rock that is produced as a result 

of transformation occurred in the lime stone. Out of the total waste generated 
during processing, the state of Rajasthan alone contributes around 6 million 

tons of marble dust annually i.e. about 95% of the total marble dust 

production[2], [10]–[12]. This poses a huge threat to the environment and the 

people because most of this dust is dumped into the open area which causes a 
major environmental concern[5], [13]–[16]. Thirmalai et al., (2017) indicated 

that on addition of 20% quarry dust and granite waste to black cotton soil 

improves the specific gravity, liquid limit from 21% to 17%, unified 
compressive strength and MDD increases and OMC decreases[17]. Zumrawi 

et al., (2016) investigates the effect of calcium chloride on open ground[18]. 

A series of laboratory tests including parameters of consistency, free 
inflammation, coherence, and shear strength tests were performed to 

investigate the effect of CaCl2 supplementation with various percentages: 

0%, 2%, 5%, 10% for large soil development. It shows that there is a 

significant decrease in plasticity and a stable swelling of 5% CaCl2 as UCS 
increases by about 50%. Kiran et al., (2016) investigated the stabilization of 

marine clay using Ferric chloride and quarry dust[19]. He found that 1% 

FeCl3 and 20% quarry dust addition to marine clay had improved CBR 
effectively and load carrying capacity of treated clay increased by 254% at 

OMC. Also liquid limit decreased by 23% and plasticity index by 17%.  
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Studies have shown that the combination of the same amount of stone 

dust with CCR is more effective, i.e. (10% -10%) than the inclusion of stone 

dust and CCR alone, in dark cotton soils that regulate the behavior of 
inflammation. This study aims to investigate the possibility of utilization of 

marble dust and paddy straw fiber as a partial replacement of soil and hence 

to study theengineering properties like maximum dry density, optimum 
moisture content and unconfined compressive strength.  

  

2 Materials Used in the Study 
 

2.1 Clayey Soil 
 

Soil used in this study has been taken from the Gharuan, Kharar 

(Punjab). The engineering properties of soil sample are as shown in table 1. 

 
Table 1: Properties of clayey soil 

Soil Properties Value 

Specific Gravity 2.66 

Plasticity Index (%) 19.1 

Optimum Moisture Content (%) 19 

Maximum Dry Density (g/cc) 1.53 

Plastic Limit (%) 23.2 

Liquid Limit (%) 42.3 

CBR 4.43 

UCS (KN/m2) 91.6 

Unified soil classification system CI 

  

2.2 Marble Dust 
 

Marble dust is a waste product of the marble stone industry. This dust is 

produced in the process of cutting of marble stone. Marble dust was obtained 

from the store named Ram Lakhan marble house located in Mohali, Punjab. 
The chemical composition and physical characteristics of marble dust 

powder are shown in table 2 and table 3 respectively. 
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Table 2: Chemical characteristics of marble dust 

S. No. Oxides Content percentage 

1 SiO2 0.78 

2 Al2O3 0.22 

3 Fe2O3 0.07 

4 CaO 54.82 

5 MgO 0.26 

6 SO3 0.25 

7 Na2O 0.11 

8 K2O 0.03 

9 P2O5 0.05 

10 Cl- 0.06 

11 SrO 0.05 

12 L.O. I 43.22 

 
Table 3: Physical characteristics of marble dust 

 

 
 
2.3 Paddy Straw Fiber 
 

Paddy straw Fiber was obtained from the agricultural field of Gharuan 
near Chandigarh University. The sample of the same is shown in figure 1. 

The physical properties of paddy straw are listed in Table 4. 
 

 

S. No. Parameter Value 

1 
Specific surface 

area (cm2/gm) 
11.4×10³ 

2 
Bulk density 

(kg/m3) 
986 

3 Specific gravity 2.71 
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Table 4: Properties of paddy straw 

Sr. No. Properties Paddy straw 

1 Average diameter (mm) 2 

2 Average tensile strength (N/mm2) 12 

3 Fibre density (g/cc) 0.38 

 

 
Fig.1: Paddy straw fiber used in this study. 

 

3 Methodology 
  

3.1 Experiments overview 
 

Standard Proctor Compaction test and Unconfined Compression test 

were conducted in this paper. The tests were performed on the unstabilised 

/unreinforced soil (V), soil stabilised with only marble dust (M), soil-marble 
dust optimum mix reinforced with Paddy straw fiber (75mm) (P), with paddy 

straw fiber (100 mm) (Q), and with paddy straw fiber (125 mm) (R). The 

amount of marble dust varied from 25% to 35% in steps of 5% by dry wt. of 
soil and paddy straw fiber content is varied as 0.8%, 1% and 1.2%. Several 

mix designs of marble dust & soil were prepared to find the optimum value 

of marble dust for soil reinforcement with paddy straw fiber. All details of 

design mix and types of experiment conducted in this study are shown in 
table 5. UCS Test was performed on these samples after 7 days of curing 

period. 
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Table 5: Design mix and type of Experiments Conducted in this study 

 

 

3.2 Mixing Procedure 
 

The following mixing procedure was adopted for making stabilised soil 

samples required for CBR & UCS test.  

For virgin soil, no stabilizer was added and the soil was mixed with 
water as per OMC. For soil mix with marble dust, virgin soil was mixed with 

the marble dust as per the required proportion. Firstly 50% of water was 

added as per OMC and then remaining water was added after thorough 

mixing. Fig.2 shows Mixture of clayey soil, Marble Dust and Paddy straw 
fiber. 

For soil mixed with marble dust and paddy straw fiber, paddy straw of 

required aspect ratio was added in the soil. Firstly optimum value of marble 
dust was added in the soil, mixed properly and then paddy straw was added. 

Paddy straw of required length (75 mm, 100mm, and 125mm) with varying 

%age of fiber (0.8%, 1%, and 1.2%) as required was added in the soil marble 

dust mix. Then 50% of water was added as per OMC and then after thorough 
mixing, remaining water was added into the mixture.  

 

Mix Design Tests Performed 

Mix No. Soil 
(%) 

Marble 
dust (%) 

Paddy 
straw 

fiber (%) 

Paddy straw 
fiber 

length in 

mm 

MDD 
& 

OMC 

UCS 

V 100 0 0 0     

M1 75 25 0 0     

M2 70 30 0 0     

M3 65 35 0 0     

P1 74.2 25 0.8 75     

P2 74 25 1 75     

P3 73.8 25 1.2 75     

Q1 74.2 25 0.8 100     

Q2 74 25 1 100     

Q3 73.8 25 1.2 100     

R1 74.2 25 0.8 125     

R2 74 25 1 125     

R3 73.8 25 1.2 125     
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Fig.2: Mixture of clayey soil, Marble Dust and Paddy straw fiber. 

  

3.3 Testing  
 

Sieve analysis process was used to determine the particle size 

distribution according to IS-1498-1970. The standard proctor compaction test 

was conducted as per IS2720 Part 8 to find out the value of MDD & OMC. 

The unconfined compression test was conducted in accordance of IS: 2720 
Part 10 and sample were tested after the curing period of 7 days. 

 

4 Results and Discussion  
  

4.1 Consequence of Marble Dust on MDD and OMC of Soil 
 

In this, maximum dry density has shown an increase with the increase of 

marble dust %age. This increase is due to the filling of voids; replacement of 

low specific gravity (soil) with higher specific gravity (marble dust) and the 
decrease in OMC is due to the increase in coarser particle in the soil mixture 

(i.e. clayey soil and marble dust). Fig 3 shows that MDD of soil marble dust 

mix initially increased from 1.53g/cc to 1.91 g/cc at 25% and then decreased 

to 1.79 g/cc at 35% marble dust. Fig 4 shows that the OMC of soil marble 
dust mix decreased from 19% for virgin soil to 13% at 35% marble dust. 
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Fig.3: Effect of marble dust % on MDD of clayey Soil 

 

 
Fig.4: Effect of marble dust % on OMC of clayey Soil. 

 

4.2 Consequence of Marble Dust on UCS of Soil 
 

In this, UCS has shown an increase with the increment of marble dust 

%age. This increase is due to coarser particles as well as lime present in the 

marble dust which acts as cementitious material. Due to that the bond 
between clayey particle and marble dust becomes stronger and the load 

bearing capacity has been increased. Fig 5 shows that the UCS of soil marble 

dust mix initially increased from 91.6 kN/m
2
 for virgin soil to 264.58 kN/m

2
 

at 25% marble dust and then decreased up to 197.34 kN/m
2
 at 35 % marble 

dust. 
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Fig.5: Effect of marble dust % on UCS of clayey Soil. 

 

4.3 Effect of Paddy Straw Marble Dust Mix on MDD and OMC of 
Soil 
 

In this, maximum dry density and optimum moisture content was found 

for the mix of soil and optimum value of marble dust i.e. 25% with varying 
percentage content (0.8%, 1%, and 1.2) with varying aspect ratio (75 mm, 

100mm, and 125mm) of paddy straw fiber. The maximum dry density did 

not show a significant decrease with the increment of paddy straw %age due 
to the low percentage of paddy straw fiber and this little decrease might be 

only due to the low specific gravity of paddy straw fiber as comparison to 

soil marble dust mix. Fig.6 shows that the MDD value of paddy straw (75mm 
length) marble dust mix decreased from 1.91g/cc to 1.87 g/cc up to 1.2% of 

paddy straw fiber. Fig 7 shows that the OMC value of paddy straw (75mm 

length) marble dust mixed with soil increased from 15% to17.6%. 
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Fig.6: Effect of Paddy straw fiber content on MDD of optimum soil Marble Dust 

mix 

 
Fig.7:Effect of Paddy straw fiber content on OMC of optimum soil Marble Dust mix 

 

Fig 8 shows that the MDD value of paddy straw (100mm length) marble 
dust mixed with soil decreases from 1.91 g/cc to 1.86g/cc up to 1.2% of 

paddy straw fiber. Fig 9 shows that the OMC value of paddy straw (100mm 

length) marble dust mix increased from 15% to 18.1%. This is due to the fact 
that the paddy straw fiber itself absorbs water at first instants. 
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Fig. 8: Effect of Paddy straw fiber content on MDD of optimum soil Marble Dust 

mix 

 

 
Fig.9: Effect of Paddy straw fiber content on OMC of optimum soil Marble Dust 

mix 

 

Fig 10 shows that the MDD value of paddy straw (125mm length) 

marble dust mix decreased from 1.91g/cc to1.84g/cc up to 1.2% of paddy 
straw fiber and the OMC has shown an increase with the increase of paddy 

straw fiber %age. This is due to the fact that the paddy straw fiber itself 

absorbs water at first instants Fig 11 shows the OMC value of paddy straw 
(125mm length) marble dust mix increased from 15% to 18.7%. 
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Fig.10:Effect of Paddy straw fiber content on MDD of optimum soil Marble Dust 

mix 
 

 
Fig.11: Effect of Paddy straw fiber content on OMC of optimum soil Marble Dust 

mix 

 

4.4 Effect of Paddy Straw Fiber and Marble Dust Mix on UCS of 
Soil  
 

In this, UCS value has shown an increase with the increase of paddy 
straw fiber %age. This increase is due to that paddy straw fiber act as a 

reinforcement material and marble dust act as cementitious material. Due to 

that load bearing capacity of soil has been increases. Fig 12 shows that the 
UCS value of Paddy straw (75mm length) and Marble dust mix initially 

increased from 264.58 kN/m
2
 to 393.63 kN/m

2
 at 0.8% paddy straw and then 

decreases to 286.17 kN/m
2
 at 1.2% of paddy straw.  
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Fig.12: Effect of Paddy straw fiber content on UCS of optimum soil Marble Dust 

mix 

Fig 13 shows that the UCS value of Paddy straw (100mm length) and 

Marble dust mix initially increased from 264.58 kN/m
2
 to 363.64 kN/m

2
 at 

0.8% paddy straw and then decreases to 281.93 kN/m
2
 at 1.2% of paddy 

straw.  

 

 
Fig.13 :Effect of Paddy straw fiber content on UCS of optimum soil Marble Dust 

mix 
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Fig14 shows that the UCS value of Paddy straw (75mm length) and 

Marble dust mix initially increased from 264.58 kN/m
2
 to 336.47 kN/m

2
 at 

0.8% paddy straw and then decreases to 268.67 kN/m
2
 at 1.2% of paddy 

straw. The maximum value of UCS of soil marble dust paddy straw mix was 

found at 75 mm length and 0.8% of Paddy straw content .This is because as 
the length of paddy straw fiber increased, it could not get mixed properly and 

the voids were left due to which UCS value get affected. 

 
Fig.14: Effect of Paddy straw fiber content on UCS of optimum soil Marble Dust 

mix 

 

5 Conclusion 
 

In this study, effect on the UCS, MDD and OMC of soil marble dust mix 

reinforced with paddy straw fiber has been studied. Based on   the   results 

obtained, the following major conclusions are made: 
1. The maximum dry density of soil marble dust mix increased 

from 1.53 g/cc for virgin soil to peak value of 1.91 g/cc at 25% marble dust 

and optimum moisture content decreased from 19% for virgin soil to 13% at 
35% marble dust. 

2. The UCS value after 7 days of curing period initially increased 

from 91.6 kN/m
2
 for virgin soil to peak value of 264.58 kN/m

2
 when mixed 

with 25% marble dust and then decreased to 197.34 kN/m
2
 at 35% marble 

dust. 

3. The peak value of maximum dry density of soil mixed with 

paddy straw fiber and marble dust came out to be 1.89 g/cc at 0.8% paddy 
straw fiber with 75 mm length. 
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4. The peak value of UCS came out to be 393.63 kN/m
2
 when 0.8 

% Paddy straw fiber of 75 mm length was mixed with optimum soil marble 

dust mix. 
5. Thus an optimal mixture of 74.2% soil, 25% Marble dust and 

0.8% Paddy straw fiber of length 75 mm is recommended for successful use 

in soil stabilization. 
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