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ABSTRACT 
Ferrochrome slag is one of the major industrial wastes produced in huge quantities during the manufacturing of high 
carbon ferrochromium alloy and resembles  the coarse dark colored sand. Use of ferrochrome slag as a substitute 
for natural soil for major geotechnical projects shall not only mitigate the problems of its disposal but also reduce the 
problem of environmental degradation. Keeping this in view; a series of model footing tests were conducted with 
unreinforced ferrochrome slag subgrade, as well as subgrade reinforced with a single layer of geogrid without pre-
tension and pre-tensioned geogrid. Embedment depth for the geogrid was varied corresponding to the width of the 
footing for both the cases. For pretensioned geogrid; pretensions in the geogrid was varied as 1% 2% 3% of tensile 
strength of geogrid. It is concluded that pretensioning of the geogrid is quite beneficial in enhancing the 
reinforcement efficiency. 
 
 
 
1 INTRODUCTION 
 
With rapid industrialization, increasing quantities of 
pollutants are being spewed into the atmosphere and 
water sources in solid liquid and gaseous form. The 
pollutants pose the major health hazard in most urban 
and semi- urban areas. There is a vital need to find a 
solution to this problem.  The sustainability of industries 
now depends upon the effective management and 
utilization of its by-products. In order to use the 
industrial waste in huge quantities efforts are being 
made to use the same as a substitute of natural 
resources. Significant efforts have been made to utilize 
industrial wastes like fly ash, blast furnace slag, red 
mud etc. in some civil engineering construction works. 
Ferrochrome slag is a waste material obtained from the 
manufacturing of high carbon ferrochromium alloy. 
This slag is formed as a liquid at 1700 °C and its main 
components are SiO2, Al2O3 and MgO. 

For the centuries engineers have had difficulties in 
constructing roads and railways over low bearing 
capacity soils, and controlling the erosion caused by 
water, draining flat low lying land and securing the 
growth of vegetation. Synthetic nets by Nelton Limited, 
U.K. were used for the first time for reinforcement of soft 
ground in Japan in 1967. Since then this has inspired 
the development of geogrids. Because of polymeric 
origin they are non- biodegradable, anti-toxic inert 
product and are UV protected for long term application.  
They are used today with confidence in many structures 
around the world including India and provide cost- 
effective long term solution to many civil engineering 
problems. It is well established that reinforced earth 
technique is quite beneficial for improving the strength 
and deformation characteristics of soil especially the 
granular soils. It has been previously observed that, for 
low levels of settlement, strains in the soil are 
insufficient to mobilize tensile load in the reinforcement. 

This may not be a desirable feature for shallow footings 
where deformation allowed is very limited. To overcome 
this problem, reinforcement can be pretensioned 
 
 

2 LITERATURE REVIEW 
 
Guido et al. (1985) conducted a series of laboratory 
model footing tests on geosynthetic reinforced sand 
foundation. The model tests were conducted in a1.5m 
long, 0.91m wide, and 0.91m deep steel test box. The 
model footings used in the tests were 25.4 mm thick 
steel plates with dimensions of 152mm×152mm (B×L) 
for square footings and 152mm×254 mm(B×L) for 
rectangular footings, which were chosen, based on the 
dimension of box, to minimize the boundary effect. 
The experimental test results indicated that the 
magnitude of settlement ratio (s/B) at ultimate bearing 
capacity is about 7–10% for embedded footings and 4–
7% for surface footings on both unreinforced and 
reinforced sands. 

The study came up with the following conclusions: 

 An optimum top layer spacing of 0.33B (B: footing 
width) for the embedded square model footing 
(Df/B=1.0) on geogrid reinforced sand. 

 An influence depth of 1.25B for placing 
geosynthetic reinforcement regardless of the type 
of reinforcement and embedment depth. 

 A reduction of immediate settlement by 20% at all 
footing pressure levels with two or more layers of 
geogrid. 

 A ‘‘surcharge effect’’ brought by the inclusion of 
geosynthetic reinforcement for surface footing 
condition. 

Shukla and Chandra (1994) analytically evaluated the 
effect of prestressing the geosynthetic reinforcement on 
the settlement behavior of geosynthetic-reinforced 
granular fill-soft soil system. They developed a 
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foundation model element which has a rough 
membrane embedded in a granular layer which has 
been modified to include the prestressing effect in the 
geosynthetic reinforcement. Parametric studies reveal 
that the settlement reductions within the loaded region 
were observed even for low prestress in the 
reinforcement. They have concluded that prestressing 
the geosynthetic reinforcement is a significant ground 
improvement technique to enhance the settlement 
characteristics of the soft soils where the membrane 
effect of reinforcement is felt. 

Lovisa et al., (2010) conducted laboratory physical 
model tests and finite element analyses to study the 
behaviour of two dimensionally prestressed geotextile-
reinforced sand bed supporting a loaded circular 
footing. A single layer of woven geotextile (SG40/40) 
was used to reinforce the sand bed. Loading tests were 
carried out on a circular rigid footing fabricated from 
mild steel. The model footing was 20 mm thick and100 
mm in diameter. Three different footing embedment 
depths of0, 50 and 100 mm were investigated. The 
prestress applied was 2%of the allowable tensile 
strength of the geotextile (approximately 0.84 kN/m) and 
was distributed over pulleys in both x and y directions. 
The test tank was constructed from perspex of following 
dimensions: 0.8 m× 0.8 min plan and 0.6 m high. 

The study came up with the following conclusions: 

 The addition of prestress to the geotextile 
reinforcement significantly improved the settlement 
response and load bearing capacity of the soil. 

 The beneficial effects of geotextile reinforcement 
without prestress were insignificant beyond a 
footing embedment depth of 50 mm for low strains 
(i.e. small displacements). However, the addition of 
prestress to the geotextile reinforcement improved 
the settlement response and load bearing capacity 
for all footing depths. 

 To achieve the benefits of prestressing the 
geosynthetic in field conditions, the geosynthetic 
should be pulled out following the laboratory 
method in principle, and anchored in trenches 

surrounding the area to be reinforced before 
placement of the granular fill over it. The pulling out 
process may not be easy to simulate in field 
conditions, especially to have a high prestress in 
the geosynthetic.  

 Results obtained from finite element analysis using 
the program, PLAXIS, were generally in good 
agreement with those obtained from physical model 
tests. This validated the equation in literature, 
relating the modulus of elasticity to the modulus of 
subgrade reaction, where the parameter H was 
approximately 2.5–3 times the footing width. 

 Konnur and Rakaraddi (2017) conducted the laboratory 
scale bearing capacity test on model square footing 
resting on prestress reinforced granular beds embedded 
at different depth in sand. 
The study came up with the following conclusions: 
The load bearing capacity of the soil was enhanced and 
the settlement of the footing was decreased due to the 
application of prestressed geogrid and geotextile. 
It was found that 2.5% of prestressing of geogrid and 
geotextile provided the maximum load carrying capacity 
of the soil. 
The optimum depth of geosynthetic material is found to 
be at u/B of 0.25 and with increase in the depth of 

prestresssed geosynthetic, the load carrying capacity of 
soil gets decreased. 
BCR and PRS values suggest that the geogrid material 
gives better result under prestress condition compared 
to geotextile material. 
 
 
3 EXPERIMENTAL PROGRAMME 
 
3.1 Materials used 
 
3.1.1 Ferrochrome slag 
 
Ferrochrome slag in crushed form obtained from the 
TATA steel plant Jamshedpur was used for the 
experiment. During the experimental program, the 
ferrochrome slag was air dried and passed through 4.75 
mm sieve.  
 
 

 
Figure 1. Ferrochrome slag 
 
 
3.1.2 Particle Size Analysis Test 
 
The particle size grading was carried out in the 
laboratory. 
 
 

 
Figure 2. Particle-size distribution of ferrochrome slag 
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Table 1. Properties of ferrochrome slag used 

Property 

Specific gravity 

Value 

2.73 

Gravel content (%) Nil 

Sand content (%) 95.00 

Silt and clay content (%) 5.00 

Coefficient of uniformity, Cu 7.22 

Coefficient of curvature, Cc 2.03 

Soil classification as per ISSCS SP 

Maximum dry unit weight (kN/m3) 14.40 

Minimum dry unit weight (kN/m3) 

Cohesion, c (kPa) 

11.80 

Nil 

 
 
3.1.3 Geogrid 
 
Knitted polypropylene geogrid (SG-40) manufactured by 
STRATA INDIA was used in the study 
Basic Properties of geogrid are given below in Table 2 
 
 
Table 2. Basic properties of geogrid used 

 
Properties 
Geogrid material 

Value 
Polyester, Uniaxial 

Type of geogrid Knitted 
Tensile strength (kN/m) 40 
Aperture sizes(mm)  
MD 22 
CMD 23 
 
 
 

 
Figure 3.  STRATA geogrid used 

 
 
3.2 Methodology 
 
3.2.1 Test setup 
 
The setup consist of test tank and loading system 
having  inner dimension of the test tank as 1.0 m in 
length, 0.51 m in width and 0.70 m in height. The back 
and side faces of the tank were made of steel plates 
welded to stiff channel sections. To allow the visual 

observations of the reinforcement system, as well as 
photo scanning, the front face of the tank is made of a 
plexiglas sheet. 

The setup used for this experiment program 
consisted of a loading frame and mechanical jack. The 
loading fame had two vertical steel columns supporting 
the horizontal crosshead acting as a reaction frame. 
The hand operated mechanical jack with proving ring 
suspended from the horizontal crosshead served for the 
application of compressive axial load to the footing and 
the load was measured by the proving ring. The jack 
was capable of applying a compressive load of up to 10 
tons. The dimension of strip model footing was, 50 cm 
in length 10 cm in width and 5 cm in thickness was 
made of seasoned teak wood. The top of the model 
footing was reinforced with 50 cm long, 6 cm wide and 
10 cm high steel I section. A depression was made at 
the centre of I section to receive a steel ball through 
which vertical loads were applied to the footing. Load  
was applied on the footing by the mechanical jack fixed 
to the horizontal crosshead. The footing base was made 
rough by cementing a thin layer of sand by using epoxy 
glue. The pre-calibrated 5t proving ring was placed 
between the loading jack and steel ball and this pre-
calibrated proving ring measured how much load was 
acting on the model strip footing. Two dial gauges which 
were attached to either side of the loading point at equal 
distances from the centre were used for observing the 
settlement of the footing. The pretension load was 
applied on the geogrid along the length of the tank 
across two pulleys as shown in Fig. 4. 
 
 

 
Figure 4. Elevation and plan of the test setup 
(dimensions in mm) 
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In my experimentation, Geogrid was anchored on 
one end of the tank and the other end was connected to 
the two pulley system. For uniform distribution of the 
pre-tensioning force, a roller grip was used. The pre-
tension load was applied as 1%, 2% and 3% 
percentage of tensile strength of the geogrid. 
 
3.2.2 Preparation of test bed 
 
The test is conducted on ferrochrome slag with two 
relative densities to check the performance of pre-
tensioning of geogrid. Thus, the relative density of 60% 
and 30% were selected. In order to fill the tank, the 
raining technique was used to drop the ferrochrome 
slag in the testing tank at a known height and uniform 
density. For filling the tank with ferrochrome slag by 
raining technique, pouring device with 5mm slit was 
used. 

Desirable densities for the experimentation were 
obtained by conducting numerous trials of pouring at 
different height. A free fall of ferrochrome slag into the 
tank was now done from the predetermined height to 
maintain the relative densities. Ferrochrome slag was 
then rained from a pre-calibrated height of 70cm which 
was used to maintain relative density of 60% for all the 
tests conducted and pre-calibrated height of 45cm 
which was used to maintain the relative density 30%. 
For checking the relative density which was used to fill 
the tank, the placement density was achieved by 
collecting samples in small aluminium cans of known 
volume placed at different locations during rainfall of 
ferrochrome slag. In the case of reinforced test bed, 
both the position of the footing and the position of the 
geogrid layer was marked on the inner face of the tank. 

The ferrochrome slag was now rained into the tank 
from the determined height. On reaching the geogrid 
position, the raining of ferrochrome slag was temporarily 
stopped and the geogrid was placed on the ferrochrome 
slag bed by fixing it at one end of the tank width face. At 
other width face of tank, the pre tensioning load to the 
geogrid was applied across the two pulleys. After 
placement of geogrid and application of pre tensioning 
force, the filling of the tank with ferrochrome slag is now 
again continued from the top of the geogrid till the 
footing level by using the raining technique. 

 
3.2.3 Test procedure 
 
When the test tank was filled up to the footing level then 
before placing the footing on bed of slag the 
ferrochrome slag surface was leveled with ruler. Upon 
filling the test tank to the footing level, the ferrochrome 
slag surface was first leveled with the help of ruler with 
great care so that the relative density of the soil is not 
disturbed. 

After levelling the surface of the test bed, the model 
strip footing is placed on the surface. The model strip 
footing is placed accurately so as to minimise the 
eccentricity as if this is not checked then it can cause 
concentric load to not be generated at the footing and 
proper settlement will not take place. A seating load of 
70 g/cm2 (as per code) was applied for a minute and 
then released. The dial gauges were attached to the 
footing. A normal compressive load was applied in 
increments of 1.0 kN to the model footing by means of a 
mechanical jack suspended from the reaction beam. 
The settlement of footing was measured by two dial 

gauges. For obtaining the footing settlement at the 
centre the average of the readings of two dial gauges 
was determined. Least count of both dial gauges is 
0.01. 

The test procedure is completed in any of the three 
following situations. 1) If excessive tilting of the footing 
takes place. 2) When failure occurred within the soil as 
the predefined amount of displacement and 3) If the 
load capacity of the jack was reached. Now the test tank 
was emptied and again refilled with accuracy for each 
test to be conducted to ensure standardized conditions 
were maintained throughout the investigation. 
 
 

 
Figure 5. Placement of geogrid    
 
 

 
Figure 6. Test Arrangement 
 
                
3.2.4 Test variables 
 
The width of footing (B), width of the geogrid (b) and 
density of the fill were kept constant throughout the 
entire investigation. Total six different series of tests (i.e. 
A, B, C and 1, 2, 3) were conducted by varying test 
parameters as the depth of the geogrid layer below the 
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footing level (u) and amount of pretension  force.  The 

test series A, B and C was carried out for ferrochrome 
slag having a relative density of 60% and the test series 
1, 2 and 3 were carried out for having relative density of 
30%. Now for Unreinforced condition the test series A 
and test series 1 were conducted. Test series B was 
carried out in unpretensioned geogrid by varying the 
depth of the geogrid layer (u). Test series 2 was carried 
out in unpretensioned condition by placing the geogrid 
at the optimum depth which was determined from test 
series B. The main aim of the test series B was to 
identify the optimum embedment depth of geogrid layer. 
The variable parameters used in this test series are 
expressed in a non-dimensional form with respect to  
model footing width (B) as u/B. Test series C and Test 
series 3 were conducted by varying the pretension  
force on the geogrid layer  which was placed at 
optimum embedment depth. The pretensioning force is 
applied as a percentage of tensile strength of the 
geogrid used. The main objective of test series C and 3 
was to find out the influence of pretensioning force on 
the overall performance of the footing. 
 
 

 
Figure 7. Geometry of the prestensioned geogrid-
reinforced foundation bed 
 
 
4 RESULTS AND DISCUSSION 
 
4.1 Behaviour of pretension geogrid reinforcement 
in medium dense slag 
 
The test series B results indicate that an embedment 
ratio of u/B = 0.4 is found to be optimum. Hence, for test 

series C, the geogrid layer was placed at an 
embedment ratio u/b of 0.4. Geogrid was pretensioned 
to 1%, 2% and 3% of its tensile strength. 
 
 

Figure 8. Bearing pressure versus  settlement curves for 
test series A,B and C 
 
 
For unreinforced condition of the slag, the load bearing 
pressure corresponding to 5 mm settlement was 51 kPa 
and in case of reinforcement with geogrid condition (at 
optimum depth) it is increased to 86 kPa whereas for 
pretensioning of 1%, 2%, 3%, the load bearing pressure 
corresponding to 5mm settlement were found to be 97 
kPa, 144 kPa and 118 kPa respectively. These 
observations indicate that the pretensioning of geogrid 
is effective in comparison to simply reinforcing the soil 
with geogrid and the Figure 8 also depicts that the 2% 
pretensioning is optimum pretensioning. 
 

Allowable bearing capacity ratio (BCRs) is defined 
as the ratio of q and qR, which are load-bearing capacity 
values for unreinforced and reinforced foundations, 
respectively, at the same settlement s,  
 
     Allowable bearing capacity ratio corresponding to 
5mm settlement was calculated for all test series. Figure 
9 presents the variation of allowable bearing capacity 
ratio at 5mm settlement across different test series. 
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Figure 9. Variation in allowable bearing capacity ratio 
corresponding to 5mm settlement 
 
 

 
Figure 10. Improvement factor curve for medium 
densely filled ferrochrome slag 
 
 

Figure 10 indicates the improvement of the slag at 
different settlements for all test series. It is clearly 
shown that the maximum improvement in the slag will 
take place at 5 mm settlement. Simply reinforcing the 
soil with geogrid without pretensioning, the improvement 
in load carrying capacity of ferrochrome slag is 1.65 
times of the unreinforced condition and at the 
application of 2% pretensioning the improvement in load 
carrying capacity corresponding to 5 mm settlement is 
2.79 times of unreinforced condition so this data states 
that pretensioning with geogrid is more beneficial in 
comparison to the simply reinforcing with geogrid. The 
2% pretensioning yielded the maximum improvement in 
comparison to 1% and 3% pretensioning. 
Percentage reduction in settlement (%): 
 
 

PRS(%)= ( Su ± Sr or Sp ) X 100 / Su [1] 
 
 

Where Sr, Sp and Su are the settlement of the reinforced, 

pretension reinforced and unreinforced soil respectively 
at a given pressure. 
 
 

 
Figure 11. Percentage reduction in settlement of footing 
for Test series B and C 
 
 

From the Figure 11 obtained, it is evident that the 
PRS for 2% pretension showed the maximum value of 
66.20% and hence it is identified that 2% pretension is 
optimum for PRS consideration, corresponding to 
200kPa pressure. 
 
4.2 Behaviour of pretensioned geogrid 
reinforcement in loosely filled slag 
 
For loosely filled ferrochrome slag, the optimum depth 
of geogrid (u/B=0.4) was used which was obtained from 
medium densely filled slag and pretensioning is done at 
optimum depth. 
 
 

 
Figure 12. Bearing pressure versus  settlement curves 
for test series 1,2 and 3 
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 From Figure 12 the load carrying capacity of 
ferrochrome slag was 52 kPa for unreinforced condition 
and for reinforced condition, the load carrying capacity 
was obtained as 66 kPa and for 1%, 2%, 3% 
pretensioning, the load carrying capacities of 
ferrochrome slag corresponding to 5 mm settlement 
were found to be 72 kPa, 116 kPa and 108 kPa 
respectively. This data also signifies that the 
pretensioning is effective in loosely filled ferrochrome 
slag in comparison to simply reinforced condition ( 
unpretensioned condition). 
 
 

 
Figure 13. Variation in allowable bearing capacity ratio 
corresponding to 5mm settlement for loosely filled 
ferrochrome slag. 
 
 
 Figure 13 indicate that the allowable bearing 
capacity ratio corresponding to 5mm settlement is 
maximum for 2% pretensioning in comparison to 1%, 
3% and unpretensioned condition. 

 
Figure 14. Improvement factor curve for loosely filled 
ferrochrome slag 

From figure 13 and 14, it is clearly shown that after 
simply reinforcing the soil with geogrid without pre-
tensioning the improvement in load carrying capacity of 
loosely filled ferrochrome slag is 1.31 times of the 
unreinforced condition whereas after pretensioning the 
improvement in load carrying capacity corresponding to 
5mm settlement is 2.23 times of unreinforced which is 
maximum value as compared to 1% and 3% 
pretensioning of geogrid.  This indicates that the 2% 
pretensioning is again more effective in comparison to 
all the above cases for improving the load carrying 
capacity of ferrochrome slag.  
 
 

 
Figure 15. Percentage reduction in settlement of footing 
for Test series 2 and 3 
 
 

From the figure15 obtained, the PRS value 
corresponding to 200kPa for unpretensioned condition 
is 34.43. Now the PRS value corresponding to 200kPa 
for 1%, 2%, 3% are 41.90%, 62.65%, 51.45% 
respectively. This data indicates that the reduction in 
settlement is maximum for 2% pretensioning. Thus, 2% 
pretensioning is effective compared to all cases in 
loosely filled ferrochrome slag. 
 
 
5 CONCLUSIONS 
 
Based on the experimental results, the following 
conclusions can be drawn  

1. The optimum depth of geogrid (u/B) is found to 
be 0.4. 

2. It is also found that pretensioning is effective in 
comparison to simply reinforcement of  both 
density of ferrochrome slag because addition 
of pretension to the geogrid reinforcement 
significantly enhanced the settlement response 
and load bearing capacity of the soil. 

3.  2% pretensioning is most effective for both 
medium dense and loosely filled ferrochrome 
slag.  
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4. When we compared the allowable bearing 
capacity ratio corresponding to 5mm 
settlement for 2% pretensioning, it is found that 
the improvement in allowable bearing capacity 
ratio for medium densely filled is more  in 
comparison to loosely filled ferrochrome slag. 

5. PRS (%) for the medium densely filled 
ferrochrome slag is more that the loosely filled 
ferrochrome slag. For 2% pretensioning the 
PRS value was obtained as 66.2% which is the 
maximum value from all the cases. 

6. In unpretensioned condition, the amount of 
improvement is less even at higher settlement 
whereas in case of pretensioned condition the 
improvement is much higher at lower 
settlement  
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