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Abstract – In this study, the Young's modulus "Es" of 

sandy soil with and without surcharge around footings has 

been obtained. Tests have been conducted in field by using 

plate load test. Two steel rigid plates were used in testing. 

One circular plate with diameter 305 mm and one square 

plate with dimension 305 * 305 mm. Both plates have 

thickness of 32 mm. The settlement has been measured under 

different stress levels at the surface along the center line as 

well as the edge of the plates. The British Standard method 

was adopted to calculate "Es"  assuming a uniformly loaded 

rigid plat on a semi-infinite elastic isotropic solid. It was 

found that the Young's modulus "Es" of sandy soil increases 

with increasing depth of footing. In addition, the Young's 

modulus "Es" of sandy soil using square plate in testing is 

less than that of circular plate. However, the Young's 

modulus increases significantly with increasing the soil 

relative density with and without surcharge around the 

footing. 
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I. INTRODUCTION 
 

The modulus of elasticity or Young’s modulus of a soil 

is an elastic soil parameter most commonly used in the 

estimation of settlement from static loads. Young’s 

modulus of soil “Es” may be estimated from empirical 

correlation, laboratory test results on undisturbed 

specimens and results of field tests. Laboratory tests that 

may be used to estimate the soil modulus are the triaxial 

unconsolidated undrained compression or the triaxial 

consolidated undrained compression tests. Field tests 

include the plate load test, cone penetration test, standard 

penetration test (SPT) and the pressuremeter test.    

In this study the coefficient of Young's modulus "Es" of 

shallow foundation of sandy soil has been determined by 

using plate load test results in field. For that, the objective 

of this study is to determine the influence of surcharge 

around foundation on modulus of elasticity of sandy soil. 

Gabr, M A and Hart, J H. (2006) [1] presented an 

experimental study conducted to evaluate the elastic 

modulus of sand reinforced with polymeric geogrids. A 

total of 9 plate load tests were performed in the lab using a 

1.52m by 1.52m by 1.37m test box, and a 0.3m square test 

plate. The measured test data were used to evaluate the 

modulus constant, rather than the bearing capacity. Iancu-

B. T. and Ionut O. T. (2009) [2] presented a numerical 

simulation of plate loading test in order to underlines the 

size effect on settlements. The study is based on the 

comparison between the results obtained by Finite 

Element Method (FEM) using the Mohr-Coulomb soil 

model and by some observations from literature. The 

obtained numerical results revealed that the subgrade 

reaction coefficient is strictly dependent on parameters 

like size of the loaded area and loading magnitude. Elsa 

Eka Putri, et al. (2012) [3] presented the procedure of 

evaluation of the modulus of elasticity "Es"  and the 

modulus of subgrade reaction (ks) value based on the 

California Bearing Ratio (CBR) tests and Finite Element 

Method (FEM). The pressure-displacement response of the 

soil in the (CBR) mould is simulated using (FEM) model 

where the soil, the load plunger, and the steel mould of 

(CBR) are represented. The correlation of Modulus of 

Elasticity "Es" with California Bearing Ratio (CBR) is 

developed based on the elastic properties of the soil 

sample. Furthermore, the correlation between "Es" and 

(CBR) is proposed. Using the "Es" values, modulus of 

subgrade reaction can be calculated and vice versa as well. 

Lysandros Pantelidis (2005) [4] presented the distinction 

between the Modulus of Elasticity (EYoung) and the 

Modulus of Deformation (EDef) is being done. The 

common practice in the worksite is the determination of 

the Modulus of Deformation using the Plate Bearing Test, 

instead of the Modulus of Elasticity by using of the more 

complex laboratory Triaxial Test. Usually, the Modulus of 

Elasticity value is greater than the respective value of the 

Modulus of Deformation (EYoung > EDef. A theoretical 

study with a suitable finite element software led to a 

correlation between the Modulus of Elasticity and the 

Modulus of Deformation. T. Warmate and H.O 

Nwankwoala (2014) [5] presented an evaluation the use of 

plate load test in ascertaining elastic modulus, "Es"  of a 

site in Calabar, Niger Delta, Nigeria. Four plate load test 

was carried out within the area of investigation, with load 

settlement curve which indicates a firm to stiff partial 

cohesive soil. 

 

II. DETERMINATION OF MODULUS OF 

ELASTICITY "ES": 
 

The most difficult part of a settlement analysis is the 

evaluation of the modulus of elasticity “Es" that would 

conform to the soil condition in the field. There are two 

methods by which "Es" can be evaluated.  

1 - Laboratory method.                       

2- Field method. 

A. Determination of Modulus of Elasticity "Es" 

Using the Laboratory Methods:  
For settlement analysis, the values of “Es” at different 

depths below the foundation base are required. One way of 
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determining “Es" is to conduct triaxial tests on 

representative undisturbed samples extracted from the 

depths required. For cohesive soils, undrained triaxial tests 

and for cohesionless soils drained triaxial tests are 

required. Since it is practically impossible to obtain 

undisturbed sample of cohesionless soils, the laboratory 

method of obtaining “Es” can be ruled out. Even with 

regards to cohesive soils, there will be disturbance to the 

sample at different stages of handling it, and as such the 

values of “Es" obtained from undrained triaxial tests do 

not represent the actual conditions and normally give very 

low values. [6].  

B. Determination of Modulus of Elasticity "Es" 

Using The Field Methods: 
Field methods are increasingly used to determine the 

soil strength parameters. They have been found to be more 

reliable than the ones obtained from laboratory tests. The 

field tests that are normally used for this purpose are 

1. Plate load tests (PLT). 

2. Standard penetration test (SPT). 

3. Static cone penetration test (CPT). 

4. Pressure meter test (PMT).  

5. Flat dilatometer test (DMT). 

Plate load tests, if conducted at levels which "Es" is 

required; give quite reliable values as compared to 

laboratory tests. Many investigators have obtained 

correlations between "Es" and field tests such as SPT, CPT 

and PMT. The correlations between "Es" and SPT or CPT 

are applicable mostly to cohesionless soils and in some 

cases cohesive soils under undrained conditions. PMT can 

be used for cohesive soils to determine both the immediate 

and consolidation settlements together. Some of the 

correlations of "Es" with N and qc are given in Table (1) 

These correlations have been collected from various 

sources [6]. 

Where:  

N = Number of blows (SPT).   

qc =  Cone penetration resistance. 

C. Determination of Modulus of Elasticity "Es" In-

Situ Using Plate Loading Test (PLT):  
The plate load test provides a direct measure of 

settlement of soils which are not easily sampled. The 

modulus of elasticity "Es" can be determined by using the 

plate load test as follows: 

1. Hans's Method (1970) [7]: 
Hans's applied the following equation in cases of 

conduct a plat load test in field:  
2(1 )
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Where: 

sE = Young's modulus of elasticity, kN/m
2
.                            

 B = Plat width, meter. 

 = Settlement under applied pressure, meter. 

q = Applied pressure between plat and soil, kN/m
2
.          

sv = Poisson's ratio. 

2. British Standard's Method (B.S.5930; 1981) [8]: 
The British Standard (B.S.5930; 1981) recommends the 

use of the equation for a uniformly loaded rigid plat on a 

semi-infinite elastic isotropic solid as follows: 
2(1 )
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Where: 

sE = Young's modulus of elasticity, kN/m
2
.                              

 B = Plat width, meter. 

 = Settlement under applied pressure, meter. 

q = Applied pressure between plat and soil, kN/m
2
.             

sv = Poisson's ratio. 

3. Florida Standard Method of Plat Load Test 

(2000) [9]:  [DESIGNATION: FM 5.527, Modified 

AASHTO: T-222-78] 
The plat load test data must be recorded at intervals with 

increasing pressure up to a total settlement of about 1.75 

mm. The pressure (P, 1b/in
2
) corresponding to the 

settlement of 0.05 inch (1.27mm) is then read from the 

settlement-pressure graph and " Es, ks" is calculated from 

the following expression: 
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        1b/in2 / in2.                       (4)  

Where:  

sE = Young's modulus of elasticity, kN/m
2
.  

sk = Modulus of subgrade reaction, 1b/in
3
. 

P = Pressure corresponding to the settlement of 0.05 inch 

(1.27 mm), 1b/in
2
. 

R = Radius of selected bearing plat, inch. 

However, the British Standard method was adopted to 

calculate the Young's modulus "Es" assuming a uniformly 

loaded rigid plat on a semi-infinite elastic isotropic solid. 

 

III. EXPERIMENTAL PROGRAM 
 

Plate load tests have been carried out in field and the 

settlement of sandy soil was measured under different 

stress levels. In the present study each sample has been 

placed in an open box and compacted in layers with 

different relative densities. Settlement has been measured 

under different stresses and at different relative densities 

as well as different depths of foundations. The settlement 

has been measured by using dial gauges of sensitivity 

0.01mm placed on the edge of the steel plates. 

A. Field Samples: 
Graded sand (GS) at different relative densities was 

used in the study. Particle size analysis and modified 

Proctor test for soil sample have been identified in the lab. 

For every test, soil sample has been compacted in layer 

and the relative density for each layer has been determined 

by using sand cone tests. 
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B. Loading: 
The load has been applied by using steel frame fixed in 

the ground as shown in figure (1). The applied load has 

been measured by using pressure gauge connected to a 

jack. 

C. Used Plates: 
Two steel rigid plates were used in testing. One circular 

plate with diameter 305 mm and one square plate with 

dimension 305* 305 mm. Both plates have thickness of 32 

mm as shown in figure (2). Steel boxes (circular and 

square) have been put around the rigid steel plates to be 

used in case of filling around it with soil as surcharge. 

D. Surcharge Around Footings: 
The settlement has been measured at surface and at 

different depths by using dial gauges. The depth of 

foundation is considered a function of width of the plate B. 

Circular and square steel boxes have been placed around 

the rigid steel plates to be used in case of filling soil 

around as surcharge for different foundation depths (0.25 

B, 0.50 B, 0.75 B and 1.00 B). The setup of test as shown 

in figures.(3),(4),(5) and (6) in case of with and without 

surcharge around footing. 

E. Test Procedure: 
The test procedure was as follows:-  

1. The square box was filled in compacted sand layers. 

2. The sand cone method has been carried out in field for 

each layer after compaction to determine the field 

density.  

3. The surface of the tested soil was prepared for plate 

test using fine sand at the surface. 

4. The steel plate was placed on the prepared surface. 

5. The hydraulic jack was placed on the steel plate. 

6.  Two dial gauges has been placed on   the plate surface. 

7. The settlement has been measured by using dial gauges 

of sensitivity 0.01mm placed on the edge of the steel 

plates. 

8. The readings were recorded of the dial gauges before 

applying loads (initial readings). 

The load was applied in increment by using steel frame 

and loaded. Each load increment was maintained constant 

until the settlement rate reaches 0.02 mm/min but not less 

than one hour in any case. 

 

IV. EXPERIMENTAL TEST RESULTS 
 

A. The Young's Modulus "ES": 
The settlement in field were recorded for cohesionless 

soil for circular and square of plates along center line of 

plates as well as the edge of plates under different stresses.    

In order to determine the Young's modulus at the 

surface as well as at different depth the British Standard 

method was adopted assuming a uniformly loaded rigid 

plat on a semi-infinite elastic isotropic solid. The 

relationship expressed by: 
2(1 )

4

s

s

qB v
E






      (5)                           

Where: 

ES  = Young's modulus of elasticity, kN/m
2
. 

B  =  Plate width, m. 

δ   = Settlement under applied pressure, m. 

q   = Applied pressure between plate and soil, kN/m
2
. 

vs  = Poisson's ratio. 

For sandy soil Poisson's ratio has been taken to be 0.30. 

B. The Relationship Between Stress And Young's 

Modulus "ES": 
The relationships between the stress and Young's 

modulus "Es" of sandy soil for circular and square plate at 

surface of footing under different relative densities 

calculated by the British Standard method are shown in 

figures. (7) and (8). 

C. The Relationship Between Young's Modulus "ES" 

And Depth of Foundation:  
The relationships between the Young's modulus "Es" of 

sandy soil and depth of footing under different relative 

densities for circular and square plate calculated by the 

British Standard method are shown in figures. (9) and 

(10). It can be shown that the Young's modulus "Es" of 

sandy soil for circular and square plate at the same applied 

stress increases with increasing the depth of footing. 

It can be shown that the Young's modulus increases 

significantly with increasing the soil relative density with 

and without surcharge around the footing.   

D. Comparison Between Young's Modulus "Es" 

Using Circular And Square Footing: 
Comparisons of Young's modulus "Es" for circular and 

square plate at different relative densities as well as 

different depths of footings under the same applied stress 

calculated by the British Standard method are shown some 

in figures. (11) and (12). 

It can be shown that the Young's modulus "Es" of sandy 

soil for square plate is less than the Young's modulus "Es" 

of circular plate. 

E. Comparison Between Young's Modulus "Es" 

VALUES From Present Study And Literature Data:  
Comparison of Young's modulus "Es" values from the 

present work and Young's modulus "Es" values from 

(Hans 1970 – Cernica 1995 – Bowles 1988 – U.S army 

1990 – Hallam 1978 – Hunt 1986) at surface (MN/m
2
) is 

shown in table (2). 

 

V. CONCLUSION 
 

1) The modulus of elasticity "Es" for circular and square 

footings increases with increasing the relative density 

of soil. 

2) The modulus of elasticity "Es" for sandy soil increases 

with increasing the height of surcharge around footings 

(depth of footing) for all relative densities of soil. 

3) The modulus of elasticity "Es" for sandy soil measured 

under square plate is less than that under circular plate. 

4) From the test results, it was found that the Young's 

modulus "Es" values of sandy soil, by using a British 

Standard method and the literature data results at 

surface are close. 
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Fig.1. The steel frame 

 

 
Fig.2. The Used Plates 

 
Fig.3. Testing Setup in Case of No Surface  

 

 
Fig.4. Testing Setup in Case of Surcharge Around Footing 

 

 
Fig.5. The setup of test in case of no surcharge 
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Fig.6. The setup of test in case of surcharge around footing 

 

 
Fig.7. Relationship between Stress and Young's Modulus 

at Surface for Circular Plate Diameter 305 MM   

 

 
Fig.8. Relationship between Stress and Young's Modulus 

at Surface for Square Plate Diameter 305 MM   

 

 
Fig.9. Relationship between Young's Modulus and Depth 

of Footing for Circular Plate at the Same Applied Stress 

Under Different Relative  

 

 
Fig.10. Relationship between Young's Modulus and Depth 

of Footing for Square Plate at the Same Applied Stress 

Under Different Relative Densities 

 

 
Fig.11. Comparison between Young's Modulus and Depth 

of Footing for Circular and Square Plate at Relative 

Density 6.00% Under Same Applied Stress  
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Fig.12. Comparison between Young's Modulus and Depth of Footing for Circular and Square Plate at Relative Density = 

96.15% Under Same Applied Stress  

 

Table 1: Equations for computing "Es" by making use of SPT and CPT values (in kPa) 

Soil "Es"  kPa 

SPT CPT 

Sand (normally consolidated) 500 (Ncor +15) 

(35000 to 50000) log Ncor 

(U.S.S.R Practice) 

2 to 4 qc 

(1+Dr
2
)qc 

Sand (saturated) 250 (Ncor +15) - 

Sand (over consolidated) - 6 to 30 qc 

Gravelly sand and gravel 1200 (Ncor + 6) - 

Clayey sand 320 (Ncor +15) 3 to 6 qc 

Silty sand 300 (Ncor + 6) 1 to 2 qc 

Soft clay - 3 to 8 qc 

 

Table 2: The Values of Young's modulus "Es" at surface from the present work and the literature data (MN/m2) 

Soil Relative 

density 

Hans (1975) Cernica 

(1995) 

Bowles 

(1988) 

U.S army 

(1990) 

Hallam 

(1978) 

Hunt 

(1986) 

Author 

Sand 15-35 

35-65 

65-85 

10-25 

50-80 

100-200 

15 

 

80 

10-25 

 

50-81 

9.5-24 

24-96 

96-192 

20-30 

30-50 

50-80 

10-29 

29-48 

48-77 

12-30 

30-75 

75-110 
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