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ABSTRACT 

Multi-belled piles are piles with enlarged ends; these piles have one or further bells at the 

lower third part of the pile. These piles are suitable for many soils with problems such as 

softening clay, the variation of groundwater table, expansive soils, black cotton soil, and 

loose sand. The current study reviewed the behavior of belled piles in multi-layer soils 

subjected to axial compression and pullout loading. The review covered the experimental 

and theoretical works on belled piles in multi-layered soils. These piles were subjected to 

static and dynamic loadings in compression and pullout cases. Most theoretical results 

focused on software such as PLAXIS 3D. The axial load applied on the piles comes from the 

upper structure built above these piles, and negative skin friction comes from groundwater. 

The results obtained from previous studies showed the validity of using such piles in 

different types of soil and multilayer soils. According to previous studies, this study aims to 

find all the things about the belled piles, including the best shape of the belled pile being the 

half cone and the worst state being when the bell is fully cone. The best number of belled 

piles is two bells because the bearing capacity increases when the number of bells increases 

but does not exceed two due to hard work and high cost. The best location of a bell is at the 

base of the pile. The current study showed that the bearing capacity increased from 40% to 

73.75% compared with ordinary piles. 
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حب والسذات الاجراس في تربة متعددة الطبقات معرضة لتأثير احمال  الصغط كفاءة الركائز 
 المحورية

 
 2*، مهدي عبيد كركوش،1عبير احمد ابراهيم

 
 قسم الهندسة المدنية، كلية الهندسة، جامعة بغداد، بغداد، العراق

 
 

 الخلاصة
الركائز متعددة الأجراس هي ركائز ذات نهايات متضخمة تحتوي على واحد أو أكثر من الأجراس على الأكثر في الثلث السفلي 
من الركيزة. هذه الركائز مناسبة للعديد من أنواع التربة التي تعاني من مشاكل مثل الطين الضعيف، تغير منسوب المياه الجوفية، 

ة القطنية السوداء، والرمل الرخو. استعرضت الدراسة الحالية سلوك الركائز ذات الأجراس في التربة والتربة الأنتفاخية، والترب
متعددة الطبقات المعرضة للضغط المحوري وتحميل الانسحاب. تضمنت المراجعة الأعمال التجريبية والنظرية على الركائز ذات 

حمال ساكنة وديناميكية في حالات الضغط والسحب. ركزت معظم الأجراس في تربة متعددة الطبقات. تعرضت هذه الركائز لأ
. يأتي الحمل المحوري المسلط على الركائز من الهيكل العلوي للمنشأ المشيد PLAXIS 3Dالنتائج النظرية على برامج مثل 

حصول عليها ج التي تم الفوق هذه الركائز، ويأتي الاحتكاك السلبي على سطح الركيزة من وجود المياه الجوفية. أظهرت النتائ
الهدف من هذه الدراسة  من الدراسات السابقة صحة استخدام هذه الركائز في أنواع مختلفة من التربة والتربة متعددة الطبقات.

للجرس للركائز ذات الاجراس هو  ايجاد كل شي عن الركائز ذات الاجراس اعتمادا على الدراسات السابقة، فأن افضل شكل
واسوء حالة عندما يكون الجرس بشكل مخروط كامل. افضل عدد للاجراس هو جرسان لأن قابلية التحمل تزداد  نصف مخروط ،

بزيادة عدد الاجراس ولكنها لاتتجاوز الاثنين لصعوبة التنفيذ والكلفة العالية. افضل موقع للجرس هو عند قاعدة الركيزة. اضهرت 
 مقارنة بالركائز العادية.  %73.75الى %40الدراسة الحالية ان قابلية التحمل زادت من

 
 تربة متعددة الطبقات. , احمال السحب , الاحمال المحورية ,س ئز ذات الاجراالركا: الكلمات المفتاحية

 

1. INTRODUCTION 
 

The pile’s foundations are required when the bearing capacity of the soil is not enough to 
support the superstructure loads or to reduce the settlement under such structures. The 
projects that may be constructed on this soil are significant and voluminous, such as 
(bridges, hospitals, hotels, highway roads, and skyscrapers). The construction of piles in the 
ground using driven or cast-in-situ should reach a hard layer (rock layer), but in many cases, 
the hard layer is not found, and the pile may be raised. Many proposals have been adopted 
for such a problem, including the increase in pile length, pile diameter, and both length and 
diameter of pile, but at the same time, the cost will increase ) Moayedi and Mosallanezhad, 
2017). Therefore, the belled piles are suggested in these cases as an economical and efficient 
solution. The soil investigation is the essential step that must be done before the design or 
construction. The appropriate type of foundation depends on the soil investigation report 
and the soil's properties. If the soil in the subsurface is insufficiently strong, Pile foundations 
are usually employed to transport the load of the superstructure to deep strata (Bowels, 
1996; Poorooshasb et al., 1996). The shaft resistance is an essential source of pile capacity 
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in cohesionless soils, especially when the pile is subjected to uplift loading. Uplift forces 
support piles of construction such as dry docks, basements, and pumping stations built 
below the water table. In sandy soil, uplift can also occur when the groundwater level is high. 
Also, the embedded and belled piles can be used in sandy soil with cavities (Al-Mosawe et 
al., 2007). The pile's tip in multi-layer soils should be placed on the hard or rocky layers. 
However, this layer is rarely found in many states. In these cases, the geotechnical designer 
depends on the increase in pile diameter or length or both; in these cases, piles are called 
(friction piles).  
(Al-Mhaidib, 1998) developed a model for testing pile uplift resistance in the sand. The 
tension piles in the sand were studied by a method including degradation of shaft friction 
during pile driving (Alawneh, 1999; Dhatrak et al., 2018). The efficiency of employing 
belled piles on sandy soil was explained by (Ilamparuthi et al., 2001). The bells distribute 
the loads in soil and increase the piles bearing capacity under both pullout and compressive 
loadings (Jebur et al., 2020). Belled piles are categorized as single, double, or multi-bell 
piles based on the number of bells (Dickin and Leung, 1992).  
 

 
Figure 1. The multi-layer soil profile: a) pile without bell, b)  Pile with a single bell, and c) 

Pile with double bells. 
 
 

The bells provide sufficient anchorage by ignoring the effect of soil swelling or shrinking, 
according to the fundamental principle of the belled pile technique (Abbas, 2021). As a 
result, the soil between the bells behaves as a pile part, increasing the pile's effective 
diameter (Ilamparuthi and Dickin, 2001). The space between bells must be (1.5-2) times 
its diameter. Typically, the bell is found a few meters above the bottom of a single bell pile. 
Two or more bells are placed in the pile stem or at the end of double or multi-bell piles. The 
soil between the bells contributes as an element of the pile, increasing its diameter. In 
comparing the belled with the identical pile (equal section), the belled pile reduces the 
number of piles, decreasing the cost too. 
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The previous studies proved that using belled piles in clayey soil is more effective than using 
equal section piles for reducing settlement and increasing the bearing capacity. In 
multilayers, when the upper layer is weak, and the intermediate layer from sand (or the 
opposite), the supporting layer (hard layer or rock) is not found or is so far. Therefore, 
increasing the length or diameter (or both) is costly and not affected (Guner and Chiluwal, 
2019). A belled pile with a suitable length and diameter is better economically than a friction 
pile (increase in diameter and size) (Honda et al., 2011). 
This study aims to review the previous work about the belled piles, including the best shape 
of the belled pile being the half cone and the worst state being when the bell is fully cone.     
 

2. APPLICATIONS AND ADVANTAGES OF BELLED PILES  
 
The belled piles have many applications in geotechnical engineering, such as: 
1) The soil at the construction site is very loose or soft. 
2) The plane area is insufficient due to excessive loading, and the foundation size is 

inadequate to support structure loads. 
3) The foundation is subjected to high lateral stresses. 
4) The foundation of belled piles is used for subterranean constructions and transmission     

towers under the groundwater that require the ability to withstand massive uplift loads, 
as shown in Fig. 1 (Guner and Chiluwal, 2021) 

5) Belled piles are utilized in foundations that withstand inclined, eccentric, and moments. 

 
 

Figure 2. Uplift in (a) a transmission tower exposed to wind forces, (b) a wind turbine 
subjected to wind loads, and (c) earthquake loading on a residential  building 

 (Chiluwal and Guner, 2019).  
 

Using the belled pile aims to increase the bearing capacity in weak soils. The bells decrease 
the settlement in the clay and expansive clay soil and resist the uplift force in sandy soil 
(Moayedi and Mosallanezhad, 2017).  
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Belled and multi-belled piles can increase the pile shaft's end (bottom) resistance and 
decrease negative skin friction ( Honda et al., 2011). 
The belled and multi-belled pile foundation is commonly used for heavy and massive 
highways, bridges, transmission line towers, skyscrapers, and offshore platforms.  
The belled piles are most commonly powered manually by the hand-operated pump. When 
the number of bells increases by more than two, the workability is complex, and the cost 
increases. The disadvantages and the states when the belled piles are not used: 
 
1) Installing the belled piles needs to be subject to stringent quality control and careful 

oversight.  
2) Given that, all sorts of construction materials need storage space. Consequently, the 

engagement may be rather challenging. 
3) Belled piles cannot be used for construction in situations with significant artesian 

pressure or groundwater movement. 
 
 
3. BEARING CAPACITY OF BELLED PILES 

 
The bearing capacity of belled piles is a function of many parameters such as length, the 
diameter of the stem, the diameter of the bell, L/D ratio, S ̸D ratio, the shape of bells, number 
of bells, location of bells, space between bells, number of belled piles, type of soil for each 
layer, the variation in porewater pressure, and location of it. The following sections will 
review the bearing capacity of belled piles under axial compression and pullout loading 
conditions.  
 
3.1 Axial Compression Loading 

 

The condition and type of loading are essential factors in choosing the suitable kind of 
foundation, especially for a long time when the projects are designed for many different 
objectives such as hospitals, hotels, multiple floors buildings, towers, skyscrapers, platforms 
offshore, factories with heavy types of Machinery, highways transportation, railways, 
subways, bridges, military shelters, basement, and other projects that are designed for the 
long term. These projects are essential and sensitive (location, function, and cost). Therefore, 
care must be taken to choose the appropriate type of foundation by analyzing the loads 
imposed on it. The static load represents the load transported from the buildings constructed 
on the foundation and depends on the structure’s weight with the values of all the loads 
subjected to the foundation, such as the dead and live loads. The static load is the constant 
value applied to the compression load (as the Compression stress when the loads are divided 
on the area of the foundation) on the foundation, which uses the standard soil-mechanics 
method to calculate the load capacity from measured soil properties (Poulos, 1994). The 
pile shaft’s bearing resistance (tip or end bearing) and side friction for a standard drilled cast  
in situ pile of equal shaft diameter supply the load-carrying capability in the compression 
axis, see Fig. 2. The ultimate bearing capacity of the pile is the summation of both the end 
bearing and friction resistances as shown  in the following equations: 
 
Qu =  Qb +   Qs                                                                                                                            (1)    

https://www.researchgate.net/scientific-contributions/Tsuyoshi-Honda-2008385377
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Qb = qs  Ash                                                                                                                                              (2)  
 
Qs = fs As                                                                                                                                                 (3) 
 
where: 

the maximum bearing capability of the pile. is uQ  
.bearing resistance-end is bQ  
.side friction resistance is sQ  

)Asbased unit skin friction or adhesion, provided by (α, c, and -the shaft is sf  
α  is reduction factor.  

(α.c). is the coefficient of adhesion is ac   
pile.the the surface area of  is sA  

pile.area of shaft  is shA  
 
The bearing of a bell or bells contributes to the extra-axial load-carrying capability of the 
belled bored cast in situ concrete pile. In addition, soil-pile adhesion, which is smaller than 
the pure cohesive force of soil, contributes to the side friction factor. The reduction factor is 
often estimated to be 1.0 for soft clays, 0.7 for medium clays, 0.4 for stiff clays, and 0.3 for 
extremely stiff clays (Wagner, 2013). In this case above, the bearing capacity equation 
changes as the flowing: 

Qu = [qs Ash + qb(Ab + Ash)] + fsAs + fs
′As

′                                                                                      (4) 

 

where As
′  is the surface area of the bell and fs

′ is e friction at the bell or bells. 
 
Belled pile foundations are more effective than equal section piles in carrying vertical 
compression loads. When we talk about the type of soil and its properties, especially in multi-
layer soil, the bearing capacity is a significant factor in choosing the suitable type of 
foundation. Many previous studies explained the efficiency of belled piles compared with 
equal-section piles. According to the soil properties and its condition, the type of suitable 
foundation was chosen. When the earth has a high bearing capacity, the traditional 
foundation style of the project is vast use piles, and in many situations (footing), it works. 
The problems of soils are too many, such (settlement, low bearing capacity, softening in clay, 
the volumetric changes in the expansive soil, negative skin friction, uplift, etc.) and to find 
suitable solutions related to studying the topography of the ground and the number of layers 
that the location the project consists from it. 
Suppose the upper of the soil profile is sand. In that case, the intermediate is clay; the last 
layer is sand or hard soil (the weak ground is confined between two rigid layers). The 
Negative skin friction or Drag force withdraws the pile because the pile weight adds a load 
on the weak layer. Solve this problem by applying loading before construction to make the 
soil in the preloading state and allow the water to get out of the ground by improving the 
soil. Sometimes, the upper layer of the soil profile is soft clay, and the intermediate layer is 
sand. The last layer is rock; in this case, the thickness of every layer is essential to design the 
pile. If the rock layers (or complex layers) are so far or not found, the end bearing resistance 
is not effective, and the pile, in this case, is called a "Friction pile." (Ashour and Helal, 2014). 
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𝐐𝐮 = 𝐪𝐩𝐮 . 𝐀𝐛 + 𝐟𝐬𝐀𝐬 + 𝐟𝐬𝐀𝐛 

 

 
Figure 3. Resistant components of belled piles. 

 
3.2 Axial Pullout Loading 

 
Some structures, like massive transmission towers, soaring chimneys, jetting skyscrapers, 
and the ocean's surface or subsurface platform mooring systems, require foundations to 
withstand pressures other than compression. For beachfront structures to be stable and 
functional, the resistance to lateral and pullout loads must be considered throughout the 
foundation design phase. Due to the growing need for offshore and onshore construction and 
wind and earthquake-resistant systems, it is required to define the pullout behavior of pile 
foundations. The friction factor in both the pile shaft and the soil controls the lifting capacity 
of a straight shaft pile in the sand. The limit friction approach is commonly used, and 
(Meyerhof, 1968) proposed the net uplift capacity. Many laboratories’ models testing piles 
with varying embedded depths have been reported. (Das and Seeley, 1975; Chaudhuri and 
Symons, 1983; Meyerhof and Adams, 1968). The latter first proved that the failure surface 
in the ground could be formed based on the embedded depth and that, in the belled piles, the 
soil above the bell interacts with the pile. Skin friction rises linearly to a constant value, 
according to )Mohamed and Amr, 2014), dependent on the L/D ratio of the pile and the 
sand's density. They also suggested that a crucial diameter-to-embedded depth ratio and 
relative density are related to net uplift capacity.  
(Dickin and Leung, 1992) examined the effects of base diameter, embedment, and backfill 
density on the uplift behavior of belled piles in sand. Compared to the previously 
recommended analytical solutions, the vertical slide surface failure model was shown to be 
the most acceptable for the belled pile in sand.  
However, based on field test results, little research has been done on the pull-out behavior 
of belled piles. The pullout resistance of belled piles is made up of two components: the 
pullout resistance of the drilled shaft (induced by frictional forces along the straight section 
of the pile) and the pullout resistance of the bell portion, which is formed by the sum of the 
earth's stress on top of the belled section and the skin friction of the soils around the bell 
section. The ultimate uplift capacity of an under-reamed pile is significantly greater than that 
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of a conventional straight pile. The uplift action is critical for building port foundations, 
transmission tower foundations, and other facilities that must withstand uplift loading. The 
effect of foundation design on the pullout behavior of piles with larger bases was examined 
by (Dickin and Leung, 1992). The uplift static loading test is a common and well-known 
method for testing pile uplift capacity. Before doing a field test, it is impossible to determine 
a pile's bearing capacity due to inherent soil heterogeneity, materials’ non-linearity, and the 
disruption created by pile construction. The literature has several field test data on the 
optimum uplift capability of cast-in-place concrete piles subjected to a vertical rising force. 
(Seo and Prezzi, 2007; Zhang and O'Kelly, 2014). 
(Shin et al., 1993) created a theoretical relationship for evaluating pile uplift capability 
based on results from earlier tests and research. Their research mainly focused on how 
friction piles respond to uplift. As a result of the interaction between the pile and the earth, 
belled pile uplift behavior is more challenging. (Diana et al., 2017).  
(Zhang et al., 2020) showed that employing a suction cup rather than a flat base plate 
significantly increased the undrained ultimate tensile capacity and undrained maximum 
tensile capacity of shorter granular anchors. According to the findings of an experimental 
investigation, the applied pullout stress is absorbed in the capacity of the shaft  for short 
granular anchors and causes localized bulging at the bottom for long granular anchors 
(Sivakumar et al., 2012).  
(Kranthikumar et al., 2016 ; Karkush et al., 2019 ) used a three-dimensional finite element 
approach to investigate the influence of critical geometrical factors on the pullout capacity 
of granular anchor piles in a small-scale laboratory experiment on loose, dry sand. A full-
scale field test is expensive, and field tests might be challenging owing to practical 
constraints. However, most tests cannot support such large diameters. As a result, various 
small-scale research and geotechnical centrifuge experiments have been carried out to 
understand better uplift behavior (Madhusudan and Ayothiraman, 2015). Using 
numerical and theoretical computations differs from field testing's practical restrictions 
(Bouassida, 2006). 
(Ellis and Springman, 2001) used the finite element technique (FEM) to conduct research 

based on the centrifuge test results. The FEM numerical analysis may successfully analyze 

the uplift behavior of belled piles compared to the findings of centrifuge tests. (Khatri et al., 

2022) conducted a detailed numerical study to determine the ideal pulling load for vertical 

and lateral plate anchors in frictional soils. To determine the maximum capacity of piles, 

(Samui, 2012) employed a multilayer modified regression model. (Soomro et al., 2019) 

examined how uplift piles behaved during a deep excavation using a nonlinear finite element 

method. They found that belled uplift piles may be subject to substantially more pressure 

during recess than straight uplift piles. The uplift failure types of belled piles in the sand are 

illustrated in Fig. 4 (Ilamparuthi and Dickin, 2001). While (A'amal and Al-Shakarchi., 

2021) found that the failure is shown to beat the first (1/3) pile length. (Honda et al., 2011) 

analyzed the pullout capacity of belled and multi-belled piles in dense sand. They 

showed that the bearing capacity of belled piles against pullout loading rises as the number 

of bells increases, see Fig. 5. 

 

https://scholar.google.com/citations?user=gHPLNfMAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=KCZhdjEAAAAJ&hl=en&oi=sra
https://www.icevirtuallibrary.com/author/Ellis%2C+E+A
https://www.icevirtuallibrary.com/author/Springman%2C+S+M
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Figure 4. The assumed failure mechanisms for the belled piles are subject to uplift loads 

(Ilamparuthi and Dickin, 2001).  
 

 
Figure 5. Relationship between several bells and bearing capacity (Honda et al., 2011). 

 
The relationship between the embedment depth (L) and bell to shaft diameters ratio (bb/bs) 
and uplift capacities was previously investigated using computational uplift experiments. 
The findings demonstrate that increasing the bell-to-shaft diameter ratio (bb/bs) and 
embedment depth can improve the ability of belled piles to lift heavy loads Fig. 6 (Qian et 
al., 2016). 
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Figure 6. Relationship between (bb/bs) and uplift capacity (Qian et al., 2016). 
 

(Gao et al., 2016) proved that the bearing capacity increases when the number of bells 
increases, and the percentage of this increase is 65% between the ordinary piles and single 
bell pile and about 5%between the single bell pile and double bell pile. Compared with 
ordinary piles, the ultimate bearing capacity can be increased by more than 50% (Mingyuan 
et al., 2020; Al-Hassani, 2021). (Abbas, 2021) investigated the compressive capacity of 
conventional and under-reamed piles in soft clay; he discovered that the ultimate capacity 
of reamed piles improves as the number of bells increases, where the percentage of increase 
between ordinary piles and single bulb piles is 73.75%, and the percentage between single 
blub and double blub is 5.25%, see Fig. 7. 

 

Figure 7. Variation of ultimate capacity of the conventional and under-reamed piles with 
L/D ratios (Abbas, 2021). 

 
(Goudar and Kamatagi, 2022) found that the load-carrying capacity increased by 40% 
higher than ordinary piles. The belled pile is critical in creating compression and uplift-
bearing capability (Deb and Pal, 2019). Additionally, belled and multi-belled heaps can 
increase the pile shaft's tip (base) resistance friction and minimize negative skin friction (Lei 
et al., 2022). The belled pile is a suitable solution for many soil problems if the soil consists 
of many layers (Nazir et al., 2015). In belled piles, the increase in diameter of the end 
effectively increases bearing capacity. (Dickin and Leung, 1992; Sharma, 1978; Krishnan 
et al., 1983; Chow et al., 1997; Decourt, 1999) proved that the bearing capacity increased 

https://www.researchgate.net/scientific-contributions/Mingyuan-Yu-2170358828
https://www.researchgate.net/scientific-contributions/Mingyuan-Yu-2170358828
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with an increase in the diameter of piles. (Wu et al., 2020) explained that expanding the bell 
to shaft diameter (db/ds) ratio increases uplift capacity, see Fig. 8. 

 
(a)                                                                                       (b) 

 
Figure 8. Field test general situation and Q-S curves (the increase of (db/ds) ratio leads to 

increased uplift capacity (Wu et al., 2020)  (a) Different types of piles. (b) Settelment. 
 
Depending on how many bells there are, belled piles can be single, doubled, or multi-bell 
piles (Tafreshi et al., 2014; Alkroosh and Nikraz, 2011). As bells rose, the load-bearing 
capability also increased (Zhang et al., 2020; Yao and Chen, 2014; Sitharam, 2018). The 
soil between bells also functions as a pile component, increasing the pile's apparent effective 
diameter (Kang and Kang, 2022).  
(Ilamparuthi and Dickin, 2001; Sun et al., 2022) studied that the diameter of the bells can 
be (2-3) times the diameter of the stem pile. In the case of a single bell pile, the bell is 
typically located a few meters above the pile's base. The soil below the bell acts as the single 
unit of the pile, giving a wide base area for load transfer (Kong et al., 2011). In the double 
or multiple bells pile, two or more bells are in the pile stem or at the end of the pile (Honda 
et al., 2011; Lee et al., 2010) 
The effect of the soil trapped between the bells acting as a part of the pile, increasing the 
adequate thickness; thus, the bearing capacity increases as the pile's surface area for friction 
increases, and the effective bottom area increases to transfer the load. In a group system of 
piles, piles are connected by a raft foundation or a cap to avoid the eccentricity of loads 
applied to piles in a group pile system (Farokhi et al., 2014).  
(Chea et al., 2012; Liu et al., 2020; Kang and Kang, 2022) showed that the belled 
inclination angle has little influence on uplift bearing capacity and load-displacement curves 
of belled piles (see Figs. 9 and 10).   
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Figure 9. The belled inclination angle has little influence on uplift bearing capacity and 

load-displacement curves (Chea et al., 2012). 
 

  
Figure 10. The belled inclination angle has little influence on uplift bearing capacity and 

load-displacement curves (Liu et al., 2020).  
 

(Jebur et al., 2020) proved that the full sphere as the bell shape is the worst choice, as it has 
few effects on the distribution of vertical displacement. (Farokhi et al., 2014) showed that 
the half-cone bell of the belled pile had better performance than the other piles and had a 
higher ultimate tensile and compressive bearing capacity and lower displacement. (Engin et 
al., 2008; Majumder and Chakraborty, 2021; AL-Shamaa et al., 2021) proved that using 
belled piles in clayey soil is more effective than equal section piles by reducing settlement 
and increasing the bearing capacity. Many kinds of research are done in sandy soil to explain 
the efficiency of using a belled pile and compare it with the uniform section pile (Emirler et 
al., 2020; Karkush et al., 2022). The results of the studies show that the belled pile in sandy 
soil improves the uplift resistance (Kang et al., 2019; Ruan, 2017). Also, the belled pile is 
used in structures with a cyclic load, such as machinery in factories and airport runways, 
when the state of movement is not constant and stable in direction and magnitude (Rao et 
al., 2011; Liang et al., 2021). 
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4. CONCLUSIONS 
 
According to previous studies of the belled pile, many researchers reach the perfect 
parameters through experiments and tests in the field or the laboratory. 
In the following points, the previous studies and their result were summarized: 
 The bearing capacity of the belled pile is higher than the ordinary pile range (40% to 

73.75%). 
 The best shape of the belled pile is the half cone, and the worst state is when the bell is 

fully cone. 
 The best number of belled piles is two bells because the bearing capacity increases when 

the number of bells increases but does not exceed two to work hard and high cost. 
 The best location of a bell is at the base of the pile. 
 If the pile contains one bell only and when the pile has two bells, one of them is located at 

the bottom, and the other bell above it in a specified space from the center to the center 
of bells, and this space ranges from (2.5-3.5) of the diameter of the pile (2-4) m. 

 The diameter of the belled pile should be more than the stem diameter 2.5 times. 
 The bell's length depends on its angle because it joins two diameters of the pile stem and 

the diameter of the bell.  
 The inclination angle ranges from (18° ֯ to 45°). 
 In the previous studies, the bell's length has less effect than the angle of inclination, and 

the angle of inclination has more impact than the diameter and space of the bells. 
 In a group system, the spacing between the piles is (2.5-3.5) times the diameter of bells 

from center to center. 
 These typical dimension values significantly affect the belled pile's performance. They 

result from many studies a long time, so any change changes the calculation process, 
especially in bearing capacity values. 
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