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ABSTRACT 

This work investigates the impacts of eccentric-inclined load on ring footing performance 

resting on treated and untreated weak sandy soil, and due to the reduction in the footing 
carrying capacity due to the combinations of eccentrically-inclined load, the geogrid was 
used as reinforcement material. Ring radius ratio and reinforcement depth ratio parameters 
were investigated. Test outcomes showed that the carrying capacity of the footing decreases 
with the increment in the eccentric-inclined load and footing radius ratio. Furthermore, 
footing tilt and horizontal displacement increase with increasing the eccentricity and 
inclination angle, respectively. At the same time, the increment in the horizontal 
displacement due to the inclined load reduces with increasing the eccentricity ratio.  
The results also revealed that the optimum radius ratio under eccentrically-inclined load is 
n=0.30, the optimum depth ratio is U/B=0.50, and at the optimum depth ratio and with 
eccentricity ratio of 0.16 and for the inclination angles of 5, 10, 15 the improvement in the 
carrying capacity was by (115.1%, 126.5%, and 131.5%) for the inclination angles of 
respectively. 
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نسبة العمق المثلى للتسليح لتحسين تربة رملية تدعم أساس حلقي معرض لأحمال مائلة 
 وغير متمركزة

 

 2امال عبد الغني السعيدي، *،1جمانة يوسف محمد علي

 الهندسة، جامعة بغداد، بغداد، العراققسم الهندسة المدنية, كلية 

 

 الخلاصة

هذا العمل في تأثيرات الحمل المائل الغير متمركز على أداء الأساااااال الحلمي المرتىز على ترلة  ملية  ااااا ي ة مسااااالحة  يبحث
واساااااا ة ب وغير مساااااالحة ، ولساااااارة انم اا قد   تحمل ادسااااااال نتياة لدمل اد مام المائلة الغير متمركز  ، تم تساااااالي  الترلة

المشاابتاتت تم فحن نساابة نطااا ق ر الأسااال وعمل سبمة التساالي  ادولىت أ هرت نتائل اداتبا  أح قابلية تحمل الأسااال 
تتناقن مع الزياد  في الحمل المائل الغير متمركز ونسبة نطا ق ر ادسالت علاو  على ذلك، يزداد ميلاح الأسال والإزا ة 

وية الميل على التوالي ، وفي ن س الوقت ، تمل الزياد  في الإزا ة الأفقية بسااااااااااااارة الحمل المائل الأفقية مع زياد  اللاتمركز وزا
 n = 0.30مع زياد  نسبة اللاتمركزت أ هرت النتائل أيضًا أح نسبة نطا الم ر المثلى تحت الحمل المائل الغير متمركز هي 

، كاح  15 5،10ولزوايا الميل  0.16وعند نساابة العمل المثلى ونساابة اللاتمركز  U / B = 0.50وأح نساابة العمل المثلى هي 
 ت( على التوالي٪131.5،  ٪126.5،  ٪115.1التحسن في المد   ادستيعابية بنسبة )

 

 ا مام غير متمركز  ومائله، أسال  لمي، تسلي , نسبة عمل التسلي الكلمات المفتاحية: 
 
1. INTRODUCTION 

Ring or Hollow circular footings provide various benefits and advantages over circular 
footings, such as reduced material volume and construction expense. Ring or hollow circular 
foundations are typically utilized in tall circular buildings such as bridge piers, water storage 
tanks, silos, transmission towers, oil containers, etc. (Boushehrian and Hataf, 2003, 2008; 
Al-sumaiday and Al-tikrity, 2013). All of them are axisymmetric structures. These 
foundations are often exposed to vertical pressures from the superstructure and horizontal 
stresses from wind pressure acting on the structure. Furthermore, the eccentricity of the 
resultant load's point may be caused by the position of the horizontal load (centroid) 
anywhere along the structure height. (Sharma and Kumar, 2018; Bachay and AL-Saidi, 
2022; Al-Mosawe et al., 2008). 
Many soil improvement techniques have been adopted in soil engineering practice to 
enhance soil behavior and minimize the settlement of the foundation. Recently, it has been 
discovered that reinforcing materials such as geotextile, geosynthetics, and geogrid increase 
the value of UBC (ultimate bearing capacity), and this is due to their open grid structure, 
which allows bonding between geogrid and soil; geosynthetic materials have high tensile 
strength at low strain, a long operating life, and are lightweight (Shukla et al., 2009; Al-
Mosawe et al., 2010; Cicek, 2012)  
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Many other researchers were done to explore and discuss the behavior of soil reinforcement, 
such as (Xu et al., 2020; Kolay and Kumar, 2020; Das and Samadhiya, 2020; Al-Jeznawi 
and Al-Azzawi, 2021; Jawad and Shakir, 2021;). 
(Moayed et al., 2012) evaluate the ring footing carrying capacity resting on two layered 
soils using finite element analysis; the first layer is clay, and the second is cohesionless soil. 
The impact of the radii ratio and the thickness of the clay layer was studied, and the results 
showed that the carrying capacity of the footing decreased as the ring radii ratio increased. 
Also, as the depth of the clay layer increases, the carrying capacity decreases gradually. 
The performance of a model strip foundation resting on dry sand and exposed to the action 
of eccentric, inclined loads with varied embedment ratios (D/B) varies from (0-1), has been 
investigated by (Ali, 2016) that used finite element software (Plaxis 3D Foundation). The 
analysis shows that the carrying capacity of a strip foundation reduces remarkably with the 
increment of eccentricity ratio (e/B) and the inclination angle (α). As the model footing is 
positioned at a specific depth beneath ground level, the impacts of overturning and sliding 
related to eccentrically inclined load are reduced. 
(Fazel and Bazaz, 2020) proposed the failure envelope approach to predict the behavior of 
ring footings exposed to inclined and eccentric loading combinations. Several parameters 
were investigated, such as load inclination angle, load eccentricity, and ring radius ratio. 
Circular footing and ring footings with various ring radius ratios (n=0.2, 0.4, 0.6) were also 
investigated. The research outcomes showed that when the load inclination increases, the 
permissible eccentricity decreases, and in the same way as the eccentricity, the acceptable 
angle decreases. It is observed that n=0.4 is the optimum value for ring footing under a 
combination of eccentric and inclined loads.  
(Kadhum and Albusoda, 2021) examined experimentally the behavior of the ring and 
circular footings subjected to eccentric loading over sandy soil. The results showed an 
increase in carrying capacity and a decrease in settlement for the ring footing compared to 
the circular footing under the same condition, which makes the ring footing more cost-
effective compared with a circular one. Also, the results showed that the differential 
settlement increases as eccentricity increases due to changing the bearing pressure under 
the footing. 
This research aimed to investigate ring footing performance under eccentrically inclined 
load resting on weak sandy soil, and because ring footing has been increasingly used in 
various structures in recent years, it was also important to study an improvement method 
since the footing is over weak soil and is subjected to eccentrically inclined load. Soil 
reinforcement was used as an improvement method since reinforcement materials such as 
geogrid are among the most reliable and cost-effective techniques in recent years. 
 

1.1 Soil Properties 
 

The soil is poorly graded sand and was classified according to USCS. The sample's grain 
distribution size was evaluated using ASTM D422-63, as shown in Fig. 1. The soil was 
brought from the Karbala governorate in Iraq. The used soil was sieved on sieve No.10., and 
dried in the air. The soil sample properties are given in Table 1. 
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Figure 1. Soil grain size distribution 

 

Table 1. Soil properties 

 

1.2  Reinforcement Properties 

The geogrid was used as reinforcement material; its properties are illustrated in Table 2. 

 
Table 2. Reinforcement properties (product specification) 

Data Property Data Property 

1.2m Roll width rectangle Mesh type 

30m Roll length 1.5 mm Rib thickness 

0.26 Gpa Elastic modulus 1.6mm Rib width 

2.25 Mpa Tensile strength 1.8 mm Junction thickness 

 

Property Specification Result 

classification ASTM D 2487 SP 

Coefficient of curvature cc ASTM D 422 5.5 

Coefficient of uniformity cu ASTM D 422 0.94 

D60  0.93 

D50  0.70 

D30  0.39 

D10  0.17 

Gs ASTM D 854 2.65 

Direct shear, loose sand Dr=30% ASTM D 3080 𝜑 = 32° 
𝛾𝑑𝑚𝑖𝑛 ASTM D 2049-69 14.5 KN/𝑚3,emax=0.82 

Dry unit weight in the test of Dr=30% ASTM D 2049-69 𝛾𝑑 = 15.1 𝑘𝑁/m3, e=0.75 
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1.3 Testing Setup 

A physical model carried out the experimental work to investigate the behavior of ring 
footings with different radius ratios n (where n=Rin/Rout, Rin=inner footing radius, Rout= 
outer footing radius)(n=0.25, n=0.30, n=0.35, n=0.40, 0.45) and all footings with outer 
diameter 100 mm, which rested on reinforced and unreinforced sandy soil. The 
manufactured physical model is shown in Fig. 2 and consists of a container box with 
dimensions of 60*60 cm and 50 cm in height and with one face of the glass. The box has a 
loading frame connected to it, as shown in Fig. 2, and consists of an electrical jack of 2 tons 
that works on a 12 V and 15 A battery. To adjust the loading rate, a selector was added. A 
voltage-stabilizing card maintains a constant electrical current while not affecting the 
loading rate. Finally, before the tests, the battery is charged using a battery charger to apply 
eccentrically-inclined loading at a constant. 

 

Figure 2. The used physical model  
 
The load was measured by using load cell SI400 with a 1-ton capacity, which is connected to 
a digital indicator to display the data; a dial gauge with a 25 mm capacity was used to 
estimate the horizontal displacement, and two dial gauges with a 50 mm capacity were used 
to estimate the vertical settlement on the edges of the footing. These devices were placed 
and secured to the footing by using a magnetic holder. 
 

2. TESTING PROCEDURE 

2.1  Soil Preparation 

The raining technique was used to fill the box with sand and to achieve a relative density of 
30%, with a dry unit weight of  γ=15.1 kN/m3. The mechanical system that was used is 
similar to that used by (Bieganousky and Marcuson, 1976) and many other researchers 
such as  (Al-Mhaidib, 1999; Al-Busoda and Hussein, 2013; Yadu and Tripathi, 2013; 
Fakher and Fakhruldin, 2021). These tests were performed to ensure and control the 
homogeneity of the sand bed.  
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2.2 Testing Procedure 

The soil is placed in the tank using a hopper. The sand was placed in layers with 10 cm depth 
to achieve a tank height of 50 cm. After placing each layer, the soil is leveled gently using a 
sharp tool to ensure no disturbance. After that, the footing is placed in the center of the soil 
surface, then two dial gauges are placed at the edges of the footing to estimate the vertical 
settlement, and the third one is placed horizontally on the side to measure the horizontal 
displacement, then apply the load through the electrical jack according to the test condition 
with various load inclinations and eccentricities. The eccentricity values were taken as 
(e/B=0, 0.04, 0.08, 0.16) in a combination of inclination values of (α=0, 5, 10, 15) and centric 
vertical load.  

 
3. RESULTS AND DISCUSSION 

3.1 Footing Radius Ratio 

Fifty tests have been carried out on five different radius ratios (n=0.25,n=0.30, n=0.35, 
n=0.40, n=0.45) where ( n= Rin/Rout, n= radius ratio, Rin= inner radius, Rout=outer radius) to 
obtain the optimum radius ratio under a combination of eccentrically-inclined load, the 
values of eccentricity and inclination were (e/B=0, 0.04, 0.08, 0.16) and (α=0, 5, 10, 15). 
Fig. 3 illustrates the relationship between load and settlement ratio S/B % where (S is the 
vertical settlement, B is the footing outer diameter) for various ring radius ratios under 
centric-vertical load. The outcomes show that the optimum ring radius ratio under a centric 
vertical load is 0.4, which is similar to many studies carried out before under different load 
conditions and soil densities, such as those (El Sawwaf and Nazir, 2012; Al-Sumaiday and 
Al-Tikrity, 2013).  
Figs. 3 to 12 represent the relationship between load and S/B % for ring footing with various 
ring radius ratios and under different values of eccentrically inclined load.  
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Fig. 4 shows that the radius 0.4 is the optimum as the eccentricity and inclination values are 
small. As the eccentricity and inclination increase, the optimum radius ratio tends to be 0.3 
Figs. 5 to 12. According to the results, in general, the optimum radius ratio for ring footing 
under an eccentrically inclined load is 0.3 (Snodi, 2010) mentioned that footing carrying 
capacity reaches its maximum value in the range of (0.20-0.40) due to the interaction in the 
failure wedges that forming under the footing. 
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 (Patel and Bhoi, 2019) also found that footing carrying capacity decreases with the 
increase in the ring radius ratio under axial load. (Fazel and Bazaz, 2020) approved the 
reduction of carrying capacity with an increase in radius ratio and found that the optimum 
value is when n=0.4, and the carrying capacity decreases as the radius ratio increases. This 
could be explained as a result of reducing the effective area of the footing due to eccentricity, 
which works on overturning the footing, reducing the contact of the footing with the soil. 
The outcomes also show that, in general, footing carrying capacity reduced with the increase 
in the value of the eccentrically-inclined load and is also reduced with increases in the footing 
ring radius ratio. Also, it was noticed that footing tilt increases as eccentricity increases 
regarding the load inclination angle. 

3.2 Reinforcement First Layer Depth Ratio 

To study the effect of the depth of the first layer of reinforcement on enhancing the carrying 
capacity of the foundation, several laboratory tests were conducted (40 tests) for different 
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Figure 15. Load-settlement ratio relationship for 

various reinforcement depth ratios at e/B=0.08, 

α=5. 

Figure 16. Load-settlement ratio relationship for 

various reinforcement depth ratios at e/B=0.16, 

α=5. 

ratios of the depth ratio (U/B=0.25, 0.50, 0.75, 1) where (U is the reinforcement first layer 
depth, B is the footing outer diameter) under various values of eccentrically- inclined load. 
Figs. 13 to 22  show the relationship between the load-settlement ratio (S/B) % for different 
U/B ratios under various values of eccentrically-inclined load.  
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The carrying capacity improvement percent IR% is given in Table 3. It is calculated as: 

 (IR%=((load(treated)-load(untreated))/load(untreated))*100)                                                                (1) 

For ring footing under different values of eccentrically- inclined loads and with varying 
ratios of first layer depth (U/B). The table illustrates the variable carrying capacity 
improvement percentages with variable depth ratios. This also shows the increase in the 
improvement percent of the carrying capacity with reinforced soil as the eccentricity and 
inclination value increase.  
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Figure 18. Load-settlement ratio relationship for 

various reinforcement depth ratios at e/B=0.08, 

α=10. 

Figure 17. Load-settlement ratio relationship for 

various reinforcement depth ratios at e/B=0.04, 

α=10. 
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Table 3. Load carrying capacity improvement ratio (IR%) for various reinforcement first layer 
depths under various loading conditions. 

e/B, α U=0.25B U=0.5B U=0.75B U=1B 
0, 0 77.6% 70.6% 26.5% 2.9% 
0.04, 5 64.9% 86.1% 53.6% 5.7% 
0.08, 5 49.2% 72% 27% 5.8% 
0.16, 5 69.9% 115.1% 53.4% 5.5% 
0.04, 10 63.2% 73.2% 45.3% 10.5% 
0.08, 10 63.2% 72.5% 20.9% 4.4% 
0.16, 10 114% 126.5% 50.7% 1.4% 
0.04, 15 79.4% 87.1% 29.4% 10.6% 
0.08, 15 82.4% 93.7% 11.9% 3.8% 
0.16, 15 117.3% 131.5% 15% 0% 

 

In general, the outcomes reveal that the carrying capacity of the footing increases with 
reinforcing the soil with geogrid, and this increase reaches its maximum value at a depth 
ratio of U/B=0.50, which is the optimum depth of the first layer of reinforcement as shown 
in Figs. 14 to 22 and given in Table 3. This value is similar to that found by (AL-Saidi, 2009) 
for the optimum value of U/B=0.50 for square footing under inclined load and that found by 
(Al-Tirkity and Al-Taay, 2012) for U/B=0.35-0.45 for strip footing under eccentric load.  
It also can be noticed from the results how the footing carrying capacity decreases with 
increasing the depth ratio and that the reinforcement at (U/B=1) has a small or no impact 
on enhancing footing carrying capacity, and it's almost similar to unreinforced soil. 
 
4. CONCLUSIONS 

This study experimentally investigated the behavior of ring footing under eccentrically 
inclined load on treated and untreated sandy soil. After analyzing the outcomes of the tests, 
the following conclusions have been obtained: 

0

5

10

15

20

25

30

0 0.1 0.2 0.3 0.4 0.5

S
/B

%

Load(kN)

e/B=0.16,α=15,u=0.25B
e/B=0.16,α=15,u=0.50B
e/B=0.16,α=15,u=0.75B
e/B=0.16,α=15,u=1B
unreinforced

0

5

10

15

20

25

30

0 0.2 0.4 0.6

S
/B

%

Load (kN)

e/B=0.08,α=15,u=0.25B
e/B=0.08,α=15,u=0.50B
e/B=0.08,α=15,u=0.75B
e/B=0.08,α=15,u=1B
unreinforced

Figure 21. Load-settlement ratio relationship for 
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α=15. 

Figure 22. Load-settlement ratio relationship for 
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 The carrying capacity of the footing decreases as the ring radius ratio increases due to 
the reduction in the effective area, and the optimum ring radius ratio under a 
combination of the eccentrically inclined load is n=0.30. 

  The tilting of the footing increases as the eccentricity increases at the inclination angle 
of 15o; the percentage tilting is (3.4, 4.9, 7.9)% at (e/B=0.04, 0.08, 0.16 ), respectively. 

 The horizontal displacement of the footing increases with increasing the inclination 
angle. 

 The impact of the eccentricity is more significant than the impact of the inclination angle. 
 Including the reinforcement increases the carrying capacity of the footing by (115.1%, 

126.5%, and 131.5%) for (e=0.16 and α=5, 10, 15). 
 The optimum depth ratio is when U/B is equal to 0.5, and the reinforcement layer with a 

depth ratio of U/B=1 almost has no improvement, and it’s very similar to the 
unreinforced case. 
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