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ABSTRACT:  Underground voids may develop due to natural causes and due to human activity. The presence of underground void 

can cause severe instability to foundation and damages to the structure. In this paper the effect of an underground void on the load 

settlement behaviour of a strip footing is investigated by carrying out a series of laboratory scale load tests. The parameters varied for 

the study are depth of void below the footing and eccentricity of void from the centre of footing. It is observed that the effect of void is 

considerable only when it is within a critical depth and eccentricity. The results of loading tests are compared with those obtained from 

finite element analyses for validation. The addition of Foundation bed and Reinforced foundation bed improves the load settlement 

behaviour of the soil with void.  It is observed from the results of finite element analyses that the presence of underground void can 

cause stress concentration inside the soil mass which leads to failure. The stress concentration factor around the void on the side nearer 

to loading is more than that on the farther side. Also with increase in depth parameter the stress concentration factor goes on 

decreasing. The distribution of internal stress and location of stress concentration depends upon the relative positions of the footing 

and void.  

Keywords:  Eccentricity, Finite Element Analyses, Laboratory Scale Load Tests, Load – Settlement behaviour, Reinforced foundation 

bed, Stress concentration, Underground Void 

1 INTRODUTION 

Underground voids may be encountered as a result of underground cavities such as natural caves, water and gas networks, old 

conduits, tunnel and mine workings, due to tension cracks in unsaturated cohesive soils, differential settlement of municipal 

solid waste, and settlement of poorly compacted trench backfill. The presence of these underground voids may impose threat to 

the foundations stability and can cause serious engineering problems leading to severe damages to the superstructure. When the 

void is located beneath the footing, serious bearing capacity and settlement problems arises which results in expensive and 

dangerous consequences. When void is found in the foundation soil, the designer may adopt some remedial measures like 

filling the void with competent material through grouting, using piles to bypass the voids and transmitting the load to a 

competent layer underneath. The most economical solution will be placing the foundation at a suitable depth so that the 

distance of void from the base of footing will be more than the critical depth and the performance of the proposed foundation is 

not affected. But in many cases the depth of soil cover available above the void will be less than the critical depth. In low 

budget projects, the use of pile foundations will be a very expensive alternative as far as the whole project is concerned. So, in 

such cases, it will be most economical to provide an additional layer of soil over the weak soil with voids. This additional layer 

usually consists of granular beds (GB) or Reinforced Granular Beds (RGB) which could enhance the performance of the 

footing. This method could be adopted in cases where it is not possible to totally abandon the site after the detection of 

underground voids or it will be completely uneconomic to go for pile foundations. Also, no suitable design procedures have 

been developed so far for foundations on soils with underground voids. Hence granular beds (GB) with and without 

reinforcement will be the most suitable and economic option for laying foundations on soils with underground natural defects. 

There could be considerable stress concentration surrounding the underground voids. Stress concentration is defined as the 

localized stress considerably higher than the average stress due to abrupt changes in geometry or localized loading. The effect 

of stress concentration can be determined quantitatively by determining the stress concentration factor. It is defined as the ratio 

of maximum stress in element to the average stress. 

Baus and Wang (1983), Jayamohan et al.(2015), Shivashankar and Jayamohan (2015), Wang and Badie (1985) and Wang and 

Hseigh (1987) reported that the soil below the loaded footing collapses in the form of a wedge into the void and the footing 

stability will be affected by the underground void only when it is located within the critical depth. Kiyosumi et al. (2007 & 

2011) reported that there could be three modes of failure such as: bearing failure without void failure, bearing failure with void 

failure and void failure without bearing failure. Azam et al. (1991) conducted Finite element studies to investigate the 

behaviour of strip footings on homogeneous soil and stratified soil with and without void and demonstrated that the effect of 

void on the performance of footing depends upon the void location. Mohamed (2012) carried out a series of numerical studies 

to evaluate the effect of a buried rock presence under a strip footing on the stress concentration and settlement and reported that 

pre-stressing the geosynthetic reinforcement can decrease the reduction in bearing capacity due to the formation of underground 

voids.
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In this investigation, finite element analyses and laboratory 

scale load test are carried out to study the Effect of 

Underground Void on the Internal Stress Distribution in Soil. 

The eccentricity of the void is defined by the parameter ‘X’ 

and depth of void by the parameter ‘Y’ 

2 EXPERIMENTAL PROGRAMME 

2.1 Materials Used 

The material used as weak soil is locally available clay and 

for foundation bed is river sand. Reinforcement used is 

Biaxial Geogrid. The properties of weak soil and river sand 

are given in Table 1 and the properties of geogrid are 

mentioned in Table 2 

Table 1 Properties of soil  

Properties   Weak soil Sand 

Specific Gravity 2.63 2.65 

Average dry unit weight 

(kN/m3) 
15.61 16.13 

Friction angle ( ϕ ° )  5 31.2 

Cohesion (kPa) 25 0 

Liquid limit (%) 58 - 

Plastic limit (%) 22 - 

Soil Classification CH SW 

 

Table 2 Properties of Geogrid 

Properties    

Colour Black 

Coating type PVC 

Textile type  

High Tenacity Low 

Shrinkage Polyester 

Yarn 

Tensile strength (kN/m) 30 

Aperture size (mm) 26 x 20 

Mass per unit area (g/m2) 225 

Roll size (m x m) 100 x 2.40 

Pull out interaction coefficient, Ci 0.8 

2.2 Test Setup 

The load tests are conducted in a loading frame. The internal 

dimension of the test tank is 100cm x 75cm x 75cm, which 

has 23 cm thick brick masonry walls on the three sides. The 

front side of tank is formed using a frame work of steel 

channels and angles, in which an opening where the void is 

to be formed can be provided.  

 

 

 

 

 

 

 
 

Fig. 1. Experimental setup and void formed in the weak soil 

The model strip footing used for the test is an inverted Tee 

beam with dimensions 65cm x 10cm. The footing is loaded 

by a hand operated Mechanical jack of 50 kN capacity. The 

load is measured using a proving ring and deformation using 

two dial gauges of 0.01mm sensitivity kept diametrically 

opposite to each other.  The experimental setup is shown in 

Figure 1 

2.3 Procedure 

 The clay is filled and compacted in layers to the required 

level in the test tank to achieve the predetermined density. 

After completing the compaction the model footing is kept at 

the centre of the tank and subjected to loading. The 

subsequent tests are carried out by positioning the void in 

clay bed. The shape of void is circular and diameter is taken 

as 0.5 times the width of footing. The void is created by 

placing a lubricated GI pipe of required shape and diameter 

at the specified location during filling the clay in test tank. 

This pipe is carefully pulled out after completing the filling 

and compaction of clay in the test tank. After preparing the 

bed the surface is leveled and the footing is placed at the 

centre to avoid eccentric loading. The load is applied in small 

increments. The loading is continued until the footing failure 

occurs. The tank is emptied and refilled for each test to 

maintain standard conditions throughout the testing 

programme. The tests are carried out for different positions 

of void. The parameters varied are given in Table 3 

3 FINITE ELEMENT ANALYSES 

Finite element analyses are carried out using the finite 

element software PLAXIS 2D. Settlement of the rigid 

footing is simulated using vertical prescribed displacements. 

The foundation system is simulated using plain strain model 

and the continuous void is modeled as a tunnel without 

lining. The boundary conditions are taken as full fixity at the 

base of the geometry and smooth conditions at the vertical 

sides. To simulate the behavior of the soil, material 

parameters and appropriate soil model are chosen. The 

Mohr–Coulomb model is adopted as the soil model for all 

analyses. The properties of locally available clay are 

assigned as the material parameters of weak soil and for 

granular bed the properties of sand are assigned. Geogrid is 

used as the reinforcement. The size of reinforcement is taken 

as 5B for all cases. The properties of weak soil and sand are 

mentioned in Table 1. The soil is modeled using 15-node 

triangular elements. Poisson’s ratio of the soil is taken as 

0.25 for all cases. The various positions of void considered in 

the analysis are given in Table 3. 

The geometrical parameters defining the position of void are 

shown in Figure 2.  

Table 3 Positions of void 

Depth parameter (Y/B) 1,1.5,2,2.5,3 

Eccentricity parameter (X/B) 0,0.5,1,1.5,2,2.5,3 

 

Fig. 2 Parameters defining the position of void 

The distribution of vertical stress along a horizontal section 

passing through the void is presented in Figure 3.It is seen 

that there is considerable stress concentration at the periphery 

of the void. 
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Fig.3. Typical Distribution of vertical stress along a horizontal 

section through void 

4 RESULTS AND DISCUSSIONS 

4.1 Effect of depth of void from the surface of weak 

soil 

 
 

Fig.4. Vertical stress Vs Normalized settlement curves for clay        

      

Vertical stress Vs Normalized settlement curves for footing at 

different depth of void at zero eccentricity (X/B = 0) is 

presented in the Figure 4. The curve for clay without void is 

also shown in the figure so that the reduction in strength due 

to the presence of void can be clearly understood. From the 

figure it is seen that as the depth of void from the surface of 

weak soil increases, the influence of void diminishes and the 

effect of void is negligible when its depth from the surface of 

weak soil is equal to twice the width of footing. The results 

obtained from Finite element analyses are also presented and 

these results are in reasonably good agreement with the 

experimental results. 

4.2 Effect of eccentricity of void from the centre of 

footing 

Vertical stress Vs Normalized settlement curves for footing at 

different eccentricity of void at a depth Y/B = 1 is shown in 

the Figure 5. The curve for clay without void is also shown in 

the figure so that the reduction in strength due to the presence 

of void can be clearly understood. It is seen that as the 

eccentricity of void from the centre of footing increases, the 

influence of void diminishes and the effect of void is 

negligible when its eccentricity is equal to twice the width of 

footing. 

 

Fig.5. Vertical stress Vs Normalized settlement curves for Clay 

The results obtained from Finite element analyses are also 

presented and these results are in reasonably good agreement 

with the experimental results. 

4.3 Effect of foundation bed and reinforced 

foundation bed 

 

Fig.6. Vertical Stress Vs Normalized Settlement for Clay, GB  

          and RGB without void 

Figure 6 presents the Vertical Stress Vs Normalized 

settlement for various cases when there is no void. The curves 

obtained from the finite element analyses are also presented 

in the figure. From the figure it is observed that the addition 

of granular bed and reinforced granular bed over the weak 

soil considerably improves the load settlement behavior of 

footing. Also the results obtained from Finite element 

analyses are in reasonably good agreement with the 

experimental results. At 5% settlement the maximum load 

settlement behavior is observed for Clay with Reinforced 

granular bed than that of unreinforced granular bed. The 

percentage improvement for clay with RGB is about 85 % 

and for clay with GB is about 54 %. 
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4.4 Effect of depth of void on Stress Concentration 

The variation of Stress concentration factor (SCF) for various 

vertical position of void, when eccentricity is zero (X/B = 0) 

is presented in Figure 7. It is observed that stress 

concentration factor is decreasing with the depth of void 

from the surface of weak soil for all the three cases. Also it is 

seen that for the depth of void less than 1.5 times the width 

of footing the Stress Concentration Factor is maximum and 

however the depth of void greater than 1.5 times the width of 

footing the Stress Concentration Factor is minimum for clay 

with RGB 

 

Fig.7. Stress concentration factor Vs Y/B at X/B = 0 

4.5 Effect of eccentricity of void on Stress 

Concentration 

Figure 8 shows the variation of Stress Concentration Factor 

with the eccentricity of void at a depth equal to the width of 

footing when the footing is on the right side of void. The 

stresses around the void to the left and to the right sections 

are different for different eccentricities. It is seen from the 

figure that the stress concentration is more on the nearer side 

of the footing than that of the farther side of the footing. In 

the nearer side of load for clay and clay with RGB the stress 

concentration reaches a peak value when eccentricity equal 

to 0.5 times the width of footing. With further increase of 

eccentricity the stress concentration reduces and reaches a 

minimum value when eccentricity equal to the width of 

footing. With the further increase in eccentricity it is seen 

that the stress concentration increases till X/B = 1.5 and 

thereafter it remains constant. In the farther side of load the 

stress concentration is decreasing when eccentricity increases 

up to X/B = 1 and further increase in eccentricity the stress 

concentration slightly increases and later at X/B = 2.5 it 

becomes constant. Also the stress concentration factor is 

more when the foundation bed is reinforced. 

 

Fig.8.Stress concentration factor Vs Eccentricity parameter  

       

4.6 Distribution of internal stress in soil 

The variations of stress at the nearer side of footing with 

different eccentricity are presented in Figure 9. It is seen that 

for clay, clay with unreinforced and reinforced GB the stress 

is first decreases and then increases to a peak value at X/B = 

1. With further increase in X/B nearer stress has a steep 

variation and thereafter it increases and remains constant. 

 

Fig.9. σN Vs Eccentricity parameter 

 

Fig.10. σF Vs Eccentricity parameter (X/B) 

Figure 10 presents distribution of stresses at the farther side 

of footing. For clay with GB and RGB the farther stress has a 

steep decreasing variation up to X/B = 1. For clay the farther 

stress is constant up to X/B =0.5 and then it has a steep 

decreasing variation up to X/B =1. Further increase in X/B 

shows almost a constant variation in farther stress. 

 

Fig. 11. σN /σF Vs X/B at Y/B = 1 

The effect of eccentricity of void on the ratio of stresses at 

the nearer side (σN) to that of farther side (σF) of the footing 

when Y/B = 1 is shown in the Figure 11. It is seen that the 

ratio (σN /σF) is more when providing foundation bed and 

reinforced foundation bed. It is observed that the ratio (σN 

/σF) decreases when (X/B) increases from 0 to 0.25 and then 

increases and reaches its maximum value when (X/B) =1. A 

further increase of (X/B) causes a reduction in (σN /σF). The 

equation of best fit curve for all the cases are obtained. The 

equation of best fit curve for clay with void is given in 
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equation (1), foundation bed overlying clay with void is 

given in equation (2) and reinforced foundation bed 

overlying clay with void is given in equation (3) 

(σN/σF)  = 0.788(X/B)6 − 7.653(X/B)5 +  28.26(X/B)4

−  48.91(X/B)3 +  38.57(X/B)2

−  10.53(X/B) + 1.047         (1)   

(σN/σF) = 0.740(X/B)6 − 7.214(X/B)5 +  26.72(X/B)4

−  46.04(X/B)3 +  35.31(X/B)2

−  8.558(X/B) + 0.995      (2) 

(σN/σF) = 0.669(X/B)6 − 6.59(X/B)5 +  24.68(X/B)4

−  43.01(X/B)3 +  33.20(X/B)2

−  7.878(X/B) + 0.905     (3)   

5 CONCLUSION 

Based on the results of experimental studies and finite 

element analyses, the following conclusions are made: 

 The presence of void has only negligible effect when the 

void is located at a depth equal to twice the width of 

footing and at an eccentricity equal to twice the width of 

footing. 

 The addition of Foundation Bed and Reinforced 

Foundation Bed improves the load-settlement behaviour 

of clay with underground voids. 

 There is considerable stress concentration surrounding 

the underground void,  

 The stress concentration factor will decrease as the depth 

of the void increases from the base of the footing. 

 The stress concentration factor will vary asymmetrically 

with the increase in eccentricity of void from the centre 

of footing for a given depth. 

REFERENCES 

Azam,G., W. Hseigh, and M. C Wang, “ Performance of strip 

footing on stratified soil deposit with void”, Jl. of Geotech. 

and Geoenv. Engineering, ASCE, Vol 117, pp.753 – 772, 

May 1991. 

Baus, R. L. and Wang, M. C., “Bearing capacity of strip footing 

above void”, Jl. of Geotech. and Geoenv. Engineering, 

ASCE, Vol 109, pp. 1 – 14, January 1983. 

Jayamohan, J., Rajeev Kumar,P, and Aarya Vimal, “ Effect of 

underground void on the behaviour of strip footing resting on 

reinforced foundation bed”, Indian Geotech. Conf., Pune, 

India, December 17th – 19th, 2015. 

Kiyosumi, M., Kusakabe, O., Ohuchi, M. and Peng, F. L, 

“Yielding pressure of spread footing above multiple voids”, 

Jl. of Geotech. and Geoenv. Engineering, ASCE, Vol 133, 

pp.1522 – 1531, December 2007. 

Kiyosumi, M., Kusakabe, O. and Ohuchi, M., “Model tests and 

analyses of bearing capacity of strip footing on stiff ground 

with voids”, Jl. of Geotech. and Geoenv. Engineering, ASCE, 

Vol 137, pp. 363 – 375, April 2011. 

Mohamed, A. K., “Numerical study for the behaviour of strip 

footing on sand in the existence of a buried rock”, Jl. of 

Engineering Sciences, Vol 40, pp.1611 – 1624, November 

2012. 

Shivashankar. R and Jayamohan. J, “Effect of formation of voids 

on the behaviour of Prestressed Reinforced Granular Beds 

overlying Weak Soil”, Geosynthetics 2015, February 15-18, 

2015, Portland, USA. 

Wang, M. C. and Badie, A., “Effect of underground void on 

foundation stability”, Jl. of Geotech. and Geoenv. 

Engineering, ASCE, Vol 111, pp.1008-1019, August 1985 

Wang, M. C and Hseigh, C. W., “Collapse load of strip footing 

above circular void”, Jl of Geotech. and Geoenv. 

Engineering, ASCE, Vol 113, pp.511–515, May1987. 

 


