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Abstract: In this study, large-scale physical models with dimensions of (0.9m * 0.9m * 0.55m) have been designed and 

constructed to investigate the behavior of strip footing in reinforced sandy soil with multi-geogrid layers under inclined and 

eccentric loading conditions. The effect of several parameters such as geogrid layers (N), soil relative density (RD), depth of 

the topmost geogrid layer (U/B), load inclination angle (α) and load eccentricity ratio (e/B) on the bearing capacity ratio 

(BCR) of reinforced soil have been investigated through 120 experimental tests. As the number of the geogrid layers increased 

from 0 to 4, the BCR increased by 255% for 15
o
 load inclination angle and by 470% for 0.05 load eccentricity ratio in 60% 

RD. When the RD of the soil increased from 60% to 80%, the average decreases in horizontal displacement and footing tilting 

angle were about 35% and 21% respectively. Hyperbolic analytical model was used to predict the relationships of most of the 

studied parameters. However, p-q analytical model was suggested to model the relationship between the BCR versus U/B. 

Both suggested models (hyperbolic and p-q) were in a very good agreement with the experimental results. 
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1. Introduction 

Generally, a strip footing is used to transfer loads from 

superstructures to the supporting soils. Traditionally, theses 

footings might be under the impact of moments and shears in 

addition to vertical loads from different sources such as 

winds, earthquakes, earth pressure and water [1-3]. Thus, an 

eccentric load or an eccentric-inclined load can replace such 

forces or moments where the bearing capacity of a 

foundation with such loading conditions can be counted as 

one of the most essentials in geotechnical area. Eccentric 

loading could show substantial differential settlement causing 

the footing to tilt. Based on the loading eccentricity to the 

footing width ratio, the amount of footing tilt and the 

pressure distribution under the footing can change. Meyerhof 

[4] pointed out that the average bearing capacity of footing 

decreases parabolically with an increase in eccentricity. To 

reduce footing tilt, Mahiyar and Patel [5] examined an angle 

shaped footing exposed to eccentric loading. Reinforced soil 

has been an ordinary practice in geotechnical engineering 

applications such as road construction, railway 

embankments, and stabilization of slopes and enhancement 

of soft ground properties [6]. It has been extensively 

expected that inducting reinforcements to a shallow 

foundation will considerably increase the bearing capacities 

[7-9]. Different types of reinforcement layers have been used 

to reinforce the underneath soil such as galvanized steel 

strips, geotextiles, and geogrids [10]. Essentially, it was 

reported that geogrids generally offer a higher interfacial 

shearing resistance than geotextiles [11]. The response of 

footings loaded over a reinforced soil bed by metal strips has 

been investigated by Binquet and Lee [12] and Fragaszy and 

Lawton [13]. Binquet and Lee [12] pointed out that the 

bearing capacity of shallow foundations could increase by (2 

to 4) times when the underneath soil reinforced by 

galvanized steel strips. Laboratory model tests on square 

footing to quantify the bearing capacity of foundations 

reinforced with geogrids and geotextiles have been 

conducted by Guido et al. [7]. Khing et al. [14] examined the 
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bearing capacity of a strip foundation placed over reinforced 

sandy soil. Multiple layers of geogrids have been used 

through laboratory tests [15-18]. 

Several numerical attempts have been done to study the 

stability of reinforced soil mass as a homogenous anisotropic 

material were analyzed through rigid plastic FEM [19, 20]. 

Furthermore, a numerical study was used through FLAC 

software to study the effect of geosynthetic reinforcement 

arrangement on two square footings on sandy soil [21-23]. 

Rarely, analytical models were used to investigate the 

behavior of reinforced sandy soil with geogrid layers. 

2. Objectives 

The overall objective of this study was to model the 

behavior of strip footing rested on reinforced sandy soil with 

different layers of geogrid under the influence of inclined and 

eccentric loading conditions. The specific objectives were as 

follows: 

1. Perform large-scale laboratory testing of strip footing 

on reinforced sandy soil with geogrid layers.  

2. Study the effects of geogrid layers (N), soil relative 

density (RD), depth of the topmost geogrid layer (U/B), 

load inclination angle (α) and load eccentricity ratio 

(e/B) on the bearing capacity ratio (BCR) of reinforced 

soil. 

3.  Investigate the validation of analytical models to 

predict BCR, horizontal displacement and tilting angle 

of strip footing over reinforced sandy soil under 

different loading conditions. 

3. Materials and Methods 

3.1. Laboratory Model Tests 

3.1.1. Model Test Tank 
The soil layers were prepared in a steel box with 0.9m × 

0.9m and 0.55m dimensions made with a plate thickness of 6 

mm supported by four steel channels as shown in Fig. 1. The 

inner faces of the steel box were painted to minimize the 

slide friction between the soil and steel box that may develop 

during experimental testing. Several lines were marked to 

identify carefully the required thickness of the soil layers and 

the location of the geogrid. 

 

Fig. 1. Laboratory testing box. 

3.1.2. Footing 

A strip steel channel of 80 mm in the plan with a thickness 

of 4 mm was used to represent the tested footing as shown in 

Fig. 2. The transferred load to the footing was measured with 

a proving ring of 5 kN capacity. Both horizontal and vertical 

displacements were measured using three dial gauges (0.01 

mm/ division). The footing size was made based on the size 

of the steel model tank and the zone of the influence. 

Detailed testing instrumentations including dial gauges, 

proving ring and strip footing are shown in Fig. 3. 

 

Fig. 2. Strip footing represented by steel channel. 

 

Fig. 3. Detailed testing instrumentations. 

3.2. Test Material 

3.2.1. Sand Properties 

A poorly graded sand passing sieve No.4 was used in this 

study. The sand was washed with running water to remove 

the dust as much as possible. Testing has been performed 

with dense and medium dense sand corresponding to 

approximately (16.9) kN/m
3
 and (17.5) kN/m

3
 consistent 

with relative densities of (60) % and (80) % respectively. The 

maximum and minimum dry unit weights of the sand were 

determined according to the ASTM (D4253-00) and ASTM 

(D4254-00), respectively. 

The results have shown maximum and minimum dry unit 
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weight of sand as 18 kN/m
3
 and 15.6 kN/m

3
 respectively. The 

specific gravity of the sand was 2.59 and the test has been 

done based on the ASTM D-854. The grain size distribution 

analysis of the sand was performed according to the ASTM 

D-421 and it can be shown in Fig. 4. The sand was classified 

according to the unified soil classification system as poorly 

graded sand with coefficient of uniformity (Cu) = 3.0 and 

coefficient of curvature (CC) = 1.0. 

3.2.2. Geogrid 

One type of commercially available geogrid type was used 

TriAx® TX140 Geogrid manufactured from a punched 

polypropylene sheet, which was oriented in three 

significantly equilateral directions so that the subsequent ribs 

shall have a high degree of molecular orientation. The 

properties influencing the performance of a mechanically 

stabilized layer are summarized in Table 1. 

Table 1. Engineering properties of Tenax TT Samp geogrid. 

Index Properties Longitudinal Diagonal Transverse 

Rib pitch, mm(in) 40(1.6) 40(1.6) - 

Mid-rib depth mm(in) - 1.2(0.05) 1.2(0.05) 

Mid-rib width mm(in) - 1.1(0.04) 1.1(0.04) 

 

Fig. 4. Particle size distribution of tested sand. 

4. Testing Program 

Detailed testing program has been established to reach the 

aim of the study of the effect of load applied on strip footings 

on reinforced sand. The parameters were loads eccentricity 

(e/B), loads inclination (α), number of geogrids layers (N), 

depth of topmost layer (U/B) and relative density (RD) which 

varied from a test to another. For all the tests, the footing was 

rested on the surface of the sandy soil and the distance 

between consecutive layers kept constant with a value of 0.05 

m. The maximum number of geogrid layers that used in this 

study was four. The embedment length for the geogrid layers 

was 0.8 m. A schematic diagram for the strip footing in the 

sandy soil is shown in Fig. 5. 

 

Fig. 5. Schematic diagram for tested strip footing on reinforced sandy soil. 

 

 

 

Fig. 6. Flow chart for the testing program. 

Fig. 6 shows the flow chart of the testing program. The 

flow chart was divided into three parts, the first part included 

the experimental work of unreinforced soil where it can be 

used as a reference to compare the improvement of using a 

geogrid as a reinforcement. In addition, it was used to study 

the effect of changing the load inclination and eccentricity on 

the bearing capacity of unreinforced sand for two studied 

relative densities. The second part focused on a single layer 

of reinforcement where these tests were used to study and 
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locate the optimum depth of the topmost layer of geogrid 

(U/B). The third part, which was the main emphasis of this 

study, showed the effect of the multi-reinforcement layer on 

the bearing capacity including the effect of the load 

inclination and eccentricity on the optimum number of the 

reinforcement layer. The term bearing capacity ratio (BCR) is 

used to express the combined effect of soil reinforcement 

with load inclined and eccentricity on bearing capacity and it 

can be shown as follows: 

= ur

u

q
BCR

q
                                        (1) 

where qur is the ultimate bearing capacity of inclined and 

eccentrically load strip footing on reinforced sand while qu is 

the ultimate baring capacity of strip footing on unreinforced 

sand. 

Meyerhof [4] suggested an empirical relation to compute 

the ultimate bearing capacity of footings subjected to 

eccentric-inclined loads: 

c c c q q qS D I S D I 0.5 S D I= + +c qq CN DN BNγ γ γ γγ γ        (2) 

where C,γ are the soil cohesion and density respectively. Nc, 

Nq, and Nγ are bearing capacity factors. Sc, Sq, and Sγ are 

shape factors. Dc, Dq, and Dγ are depth factors. Ic, Iq, and Iγ 

are inclined load factors. B is the footing width. D is footing 

embedment depth. 

5. Analytical Models and Prediction 

Based on the experimental expectation results, the 

following analytical models can be used: 

5.1. Hyperbolic Model 

For reinforced soil, the bearing capacity ratio (BCR) 

versus number of geogrid layers (N) is expected to increase 

to a certain level where beyond that point no increase in BCR 

could be anticipated even if N increased. Such kind of 

relationships has been noticed in several engineering and 

environmental applications and modeled using hyperbolic 

model. In early stages of developing hyperbolic model, it was 

used to predict the amount of phenol leached from a 

solidified cement matrix [24]. Furthermore, hyperbolic model 

was used to represent the relationship between the changes in 

grouted sand properties with curing time [25]. Vipulanandan 

et al. [26] proposed hyperbolic relationship to characterize 

the variation of in-situ vertical stress and logarithmic 

undrained shear strength of the soft marine and deltaic clays. 

Hyperbolic relationship can be used to correlate the 

compressive strength variation with curing time for cemented 

sand [27]. Hyperbolic model were used for several other 

relationships such as fluid loss versus time in high-pressure 

high-temperature condition [28], shear strength versus solid 

content of ultra-soft soil [29], and changes in electrical 

resistivity versus salt content of bentonite drilling mud [30]. 

The hyperbolic model formulation is as follows: 

1.0
*

= +
+

N
BCR

A B N
                         (3) 

where A & B are model parameters while BCR and N are 

bearing capacity ratio and number of geogrid layers 

respectively. 

5.2. P-q Model 

It is expected that the bearing capacity ratio (BCR) will 

increase with increasing the depth of the topmost layer of 

geogrid (U/B) to the optimum value then it will start to 

decrease with increasing U/B value. Such nature of 

relationship can be modeled using p-q model. This model 

was first proposed by Mebarkia and Vipulanandan [31] to 

predict the stress-strain behavior of glass-fiber-reinforced 

polymer concrete. The original p-q model formulation is as 

follows: 

( )
( )

1

+

 
 
 
 =
 

  + − − +     

c

cp q

p

c c

q p q p

ε εσ σ
ε ε
ε ε

              (4) 

where σ = compressive stress, σc, εc = compressive strength 

and its corresponding strain, p, q = model parameters.  

This model has been adopted in this study to model the 

relationship between BCR and U/B as follows: 

( ) ( )

( ) ( )
( )

( )
( )

( )

1

+

 
 
 
 =
 

  
+ − − +    

   

C

Cp q

p

c c

U B U B
BCR BCR

U B U B
q p q p

U B U B

 (5) 

where (BCR)c, (U/B)c = maximum (BCR) and its 

corresponding (U/B). 

5.3. Comparison of Model Prediction 

In order to determine the accuracy of the model 

predictions, both coefficient of determination (R
2
) and the 

root mean square error (RMSE) in curve fitting as defined in 

Eqs. (6) and (7) were quantified. 

( )( )
( ) ( )

2

2

2 2

 − − =
  − − 

∑

∑ ∑

i ii

i ii i

x x y y
R

x x y y

          (6) 

( )2

1  =
−

= ∑
n

i ii
y x

RMSE
N

                            (7) 

where yi is the actual value; xi is the calculated value from 

the model; y  is the mean of actual values; x is the mean of 

calculated values and N is the number of data points. 
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6. Results and Analysis 

6.1. BCR Versus N 

6.1.1. Load Inclination Angle Effect 

In this section, the BCR versus N for load inclination angle 

(α) varied from 5° to 15° of two different RD (60% and 

80%) can be identified clearly in Fig. 7 (a to d). In Fig. 7 (a) 

and 7 (b), the relationship between the BCR and N for zero 

load inclination for strip footing in 60% and 80% RD are 

shown respectively. As the RD of the soil increased from 

60% to 80%, the average increase in BCR was about 17%. 

The hyperbolic model predicted the experimental data 

preciously with R
2
 and RMSE of 0.99, 0.078, 0.98 and 0.131 

for 60% and 80% RD respectively. At higher load inclination 

angle (α=15), the BCR decreased as the RD of the soil 

increased and the average decrease was about 43% as shown 

in Fig. 7 (c) and 7 (d). The R
2
 and RMSE of the hyperbolic 

model were 0.94, 0.242, 0.99 and 0.09 for 60% and 80% RD 

respectively. The overall behavior implied that having higher 

number of geogrid layers increased the BCR of sandy soil 

while the load inclination effect was more at higher RD. As 

the geogrid layer increased from 0 to 4, the BCR increased 

by 210%, and 250% for zero load inclination and by 255%, 

and 100% for 15
o
 load inclination for RD of 60% and 80% 

respectively. Hyperbolic model parameters that used to 

predict the relationship between BCR and N for different 

load inclination (Fig. 7) can be summarized in Table 2.
 

Table 2. Model parameters of hyperbolic model (Fig. 7).  

αααα    RD(%) A B R2 RMSE 

0 60 0.3 0.4 0.99 0.078 

0 80 0.5 0.3 0.98 0.131 

15 60 0.85 0.18 0.94 0.242 

15 80 1 0.9 0.99 0.090 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 7. Modeling of BCR versus N relationship of strip footing rested on 

sandy soil. 

(a) α=0, RD=60%, (b) α=0, RD=80%, (c) α=15, RD=60%, and (d) α=15, 

RD=80%. 
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6.1.2. Load Eccentricity (e/B) 

In this section, the BCR versus N for load eccentricity 

ratio (e/B) varied from 0 to 0.15 of two different RD (60% 

and 80%) can be displayed clearly in Fig. 8 (a to d). In Fig. 8 

(a) and 8 (b), the relationship between the BCR and N for 

zero load eccentricity ratio of strip footing in 60% and 80% 

RD are shown respectively. As the RD of the soil increased 

from 60% to 80%, the average increase in BCR was about 

23%. The hyperbolic model predicted the experimental data 

preciously with R
2
 and RMSE of 0.97, 0.099, 0.98 and 0.135 

for 60% and 80% RD respectively. At higher load 

eccentricity (e/B=0.15), the BCR decreased as the RD of the 

soil increased and the average decrease was about 45% as 

shown in Fig. 8 (c) and 8 (d). The R
2
 and RMSE of the 

hyperbolic model were 0.96, 0.335, 0.98 and 0.250 for 60% 

and 80% RD respectively. As the geogrid layer increased 

from 0 to 4, the BCR increased by 180%, and 260% for zero 

load eccentricity and by 470%, and 185% for 0.05 load 

eccentricity for RD of 60% and 80% respectively. Hyperbolic 

model parameters that used to predict the relationship 

between BCR and N for different load eccentricity (Fig. 8) 

can be identified in Table 3. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 8. Modeling of BCR versus N relationship of strip footing rested on 

sandy soil. 

(a) e/B=0, RD=60%, (b) e/B=0, RD=80%, (c) e/B=0.15, RD=60%, and (d) 

e/B=0.15, RD=80%. 

Table 3. Model parameters of hyperbolic model (Fig. 8). 

e/B RD(%) A B R2 RMSE 

0 60 0.4 0.5 0.97 0.099 

0 80 1 0.15 0.98 0.135 

0.15 60 0.45 0.1 0.96 0.335 

0.15 80 1.2 0.3 0.98 0.250 

6.2. Horizontal Displacement Versus N 

In this section, the horizontal displacement of the strip 

footing versus N for load inclination (α) varied from 0
o
 to 

15
o
 of two different RD (60% and 80%) can be presented 

obviously in Fig. 9 (a to d). In Fig. 9 (a) and 9 (b), the 

relationship between the horizontal displacement and N for 

5
o
 load inclination of strip footing in 60% and 80% RD are 

shown respectively. As the RD of the soil increased from 

60% to 80%, the average decrease in the horizontal 

displacement was about 35%. The hyperbolic model 
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predicted the experimental data preciously with R
2
 and 

RMSE of 0.99, 0.094 mm, 0.99 and 0.011 mm for 60% and 

80% RD respectively. At higher load inclination (α=15
o
), the 

horizontal displacement decreased as the RD of the soil 

increased and the average decrease was about 45% as shown 

in Fig. 9 (c) and 9 (d). The R
2
 and RMSE of the hyperbolic 

model were 0.96, 0.335 mm, 0.98 and 0.250 mm for 60% and 

80% RD respectively. The overall behavior suggested that the 

load eccentricity effect was further at higher RD. As the 

geogrid layer increased from 0 to 4, the horizontal 

displacement of the strip footing decreased by 62%, 14% for 

5
o
 load inclination and by 54%, 69% for 15

o
 load inclination 

for RD of 60% and 80% respectively. Hyperbolic model 

parameters that used to predict the relationship between the 

horizontal displacement of the strip footing and N for 

different load inclination (Fig. 9) can be shown in Table 4. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 9. Modeling of horizontal displacement versus N relationship of strip 

footing rested on sandy soil (a) α=5, RD=60%, (b) α=5, RD=80%, (c) 

α=15, RD=60%, and (d) α=15, RD=80%. 

Table 4. Model parameters of hyperbolic model (Fig. 9). 

αααα RD(%) A B R2 RMSE (mm) 

5 60 -0.3 -0.26 0.99 0.094 

5 80 -0.3 -0.7 0.99 0.011 

15 60 -0.22 -0.12 0.99 0.257 

15 80 -0.21 -0.1 0.97 0.495 

6.3. Tilting Angle Versus N 

In this section, the strip footing tilting angle versus N for 

load eccentricity (e/B) varied from 0.05 to 0.15 of two 

different RD (60% and 80%) can be demonstrated obviously 

in Fig. 10 (a to d). In Fig. 10 (a) and 10 (b), the relationship 

between the strip footing tilting angle and N for 0.05 load 

eccentricity of strip footing in 60% and 80% RD are shown 

respectively. As the RD of the soil increased from 60% to 
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80%, the average decrease in the strip footing tilting angle 

was about 21%. The hyperbolic model predicted the 

experimental data preciously with R
2
 and RMSE of 0.95, 

0.081
o
, 0.98 and 0.116

o
 for 60% and 80% RD respectively. At 

higher load eccentricity (e/B=0.15), the strip footing tilting 

decreased as the RD of the soil increased and the average 

decrease was about 17% as shown in Fig. 10 (c) and 10 (d). 

The R
2
 and RMSE of the hyperbolic model were 0.98, 

0.018
o
, 0.99 and 0.044

o
 for 60% and 80% RD respectively. 

The overall behavior implied that having higher RD 

decreases the strip footing tilting angle regardless to the 

number of the geogrid layers. As the geogrid layer increased 

from 0 to 4, the strip footing titling angle increased by 90%, 

275% for 0.05 load eccentricity and by 12%, 16% for 0.15 

load eccentricity for RD of 60% and 80% respectively. 

Hyperbolic model parameters that used to predict the 

relationship between the footing tilting angle and N for 

different load eccentricity (Fig. 10) can be shown in Table 5. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 10. Modeling of footing tilting versus N relationship of strip footing 

rested on sandy soil (a) e/B=0.05, RD=60%, (b) e/B=0.05, RD=80%, (c) 

e/B=0.15, RD=60%, and (d) e/B=0.15, RD=80%. 

Table 5. Model parameters of hyperbolic model (Fig. 10).  

e/B RD(%) A B R2 RMSE (o) 

0.05 60 1 0.86 0.95 0.081 

0.05 80 2.5 0.5 0.98 0.116 

0.15 60 3 2 0.98 0.018 

0.15 80 4 2 0.99 0.044 

6.4. BCR Versus (U/B) 

In this section, the BCR versus U/B for load inclination 

angle (α) varied from 0
o
 to 15

o
 of two different RD (60% and 

80%) can be presented clearly in Fig. 11 (a to d). In Fig. 11 

(a) and 11 (b), the relationship between BCR and U/B for 0
o
 

load inclination angle of strip footing in 60% and 80% RD 

are shown respectively. As the RD of the soil increased from   

60% to 80%, the maximum decrease in BCR was about 14%. 

The p-q model predicted the experimental data preciously 
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with R
2
 and RMSE of 0.97, 0.0238, 0.91 and 0.0219 for 60% 

and 80% RD respectively. At higher load inclination angle 

(α=15
o
), the BCR decreased as the RD of the soil increased 

and the maximum decrease was about 22% as shown in Fig. 

11 (c) and 11 (d). The R
2
 and RMSE of the p-q model were 

0.96, 0.0435, 0.96 and 0.0199 for 60% and 80% RD 

respectively. The overall behavior suggested that the load 

inclination angle effect was less at higher RD. P-q model 

parameters that used to predict the relationship between BCR 

and U/B for different load inclination (Fig. 11) can be shown 

in Table 6. 

Table 6. Model parameters of p-q model (Fig. 11).  

αααα    RD(%) p q R2 RMSE 

0 60 1.1 1.15 0.97 0.0238 

0 80 8 1.8 0.91 0.0219 

15 60 0.9 1.2 0.96 0.0435 

15 80 2 1.5 0.96 0.0199 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 11. Modeling of BCR versus U/B relationship of strip footing rested on 

sandy soil (a) α=0, RD=60%, (b) α=0, RD=80%, (c) α=15, RD=60%, and 

(d) α=15, RD=80%. 

7. Conclusions 

Based on the main results of the study, the following 

conclusions can be advanced: 

1. Using geogrid for soil reinforcement has a significant 

impact in increasing the ultimate bearing capacity of the 

cohesionless soil. 

2. Increasing the number of geogrid layers (N) increases 

the ultimate bearing capacity ratio notably and this 

increase reaches 255% for 15
o
 load inclination angle 

and 470% for 0.05 load eccentricity ratio in 60% RD. 

3. Having higher numbers of geogrid layers (N) decreased 

both the horizontal displacement and the footing tilt. 

When the RD of the soil increased from 60% to 80%, 
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the average decreases in the horizontal displacement 

and footing tilting were about 35% and 21% 

respectively. 

4. The optimum value for U/B was about 0.5 and the BCR 

at this value (optimum) decreased as the RD increased. 

When the RD of the soil increased from 60% to 80%, 

the BCR at optimum U/B (0.5) decreased by 14% and 

22% for 0
o
 and 15

o
 load inclination angle respectively. 

5. The main factors affecting the ultimate bearing capacity 

of a strip footing under inclined and eccentric load on 

geogrid-reinforced sand can be addressed as follows:  

a The load inclination angle (α) 

� Increasing (α) decreased the ultimate bearing 

capacity. 

� Increasing (α) increased the horizontal 

displacement of the footing. 

b The load eccentricity ratio (e/B) 

� Increasing (e) decreased the ultimate bearing 

capacity. 

� Increasing (e) increased the tilting of the footing. 

c The Relative density (RD) 

� Increasing (RD) increased the ultimate bearing 

capacity. 

� Increasing (RD) decreased the horizontal 

displacement of the footing. 

Most of the studied relationships such as BCR versus N for 

different load inclination angle, BCR versus N for different 

load eccentricity ratio, footing horizontal displacement 

versus N and footing tilting versus N were modeled using 

hyperbolic model. However, p-q model was used to model 

the relationship between the BCR versus U/B. Both 

suggested models (hyperbolic and p-q) were in a very good 

agreement with the experimental results.  
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