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Abstract: The foundations allow the loads of the superstructure to be transmitted to the ground, 15 
thus the piles are generally used as a carrier transmitting loads on the ground. One of the important 16 
factors in the durability of the bridge depends more on the strength of these piles. This makes it 17 
necessary to study the reinforced concrete foundations because of their ability to resist the loads of 18 
the structure and the vertical and lateral loads applied to the structure. This implies an evaluation 19 
of the responses of the RCP (Reinforcement concrete pile) according to the different lateral loads. 20 
This study was focuses on the performance of the pile force at the lateral load of the arched bridge. 21 
The effect of the compression of the arch bridges creates a large horizontal load therefore it is one 22 
of the important factors in the dimensioning of the piles. Thus, various processing procedures were 23 
carried out by the Abaqus software, namely “soil FE modeling (Finite Element), pile FE modeling, 24 
soil-pile interface, and Mesh and boundary condition” in order to carry out an effective and 25 
predictive piles analysis. Based on the Mohr-Coulomb criterion, the soil is considered to be stratified 26 
with elastoplastic behavior, whereas the RCP were assumed to be linear isotropic elastic. Since the 27 
bridge is an arched bridge, the lateral load was applied to the head of the piles to check the pile 28 
strength, for which the displacement, stress and strain were taken into account, throughout   along 29 
the pile depth. The lateral displacement of the pile shows a deformation of the soil as a function of 30 
depth, with different layers crossed with different lateral loads applied. Thus, from the study 31 
comparing the results of the FE measurements with the data measured in the field, add to the 32 
statistical analyses below, the bridge is considered to resist up to 80% for a duration of 100 years. 33 

Keywords: Lateral Load; 3D Finite Elements; Stress; Strain; Reinforcement Concrete Pile 34 
 35 

1. Introduction 36 

The lateral load on the pile was performed on Yanchuan bridge in Jilin province Yanji city, in 37 
burghardtong River, China. It extends over a complete length of 324. 86 meters across the South 38 
burghardtong river. the design of the arch was chosen from an architectural purpose of view, so the 39 
bridge can be integrated into the natural site in order to extend the characteristics of the landscape of 40 
the bridge, decongest the speedily developing areas around the river additionally central city, and 41 
also to assist increase traffic. the site is regular to be around the river at the placement of the bridge, 42 
therefore it will not only be a significant part of the infrastructure for this event, it will also have to 43 
act as exhibit area for Chinese engineering. the planning of foundations on simple supports is classical 44 
(drilled piles), however the design of arch foundations is quite complex due to the low stiffness and 45 
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solidity of the soil characteristics, which this study is based on force performance analysis of 46 
reinforced concrete pile response subject to lateral load. For the Arch bridge the lateral load test is 47 
unavoidable because of the temperatures the changing in years. 48 

Reinforced concrete piles or drilled shafts are a kind of bridge substructure during which piles 49 
or columns are continuously extended below the extent to the superstructure. This, alongside with 50 
the depth of the soil modulus and the limiting values of pile-soil contact pressure, needs to be 51 
prespecified. For the numerical methods, the analysis is done by using finite elements or finite 52 
variations. These methods will presently tackle the complete three-dimensional (3D) drawback, 53 
considering of the precise geometry, soil-structure interaction and pile effects, though such ways are 54 
in theory the most rigorous [1]– [3].  55 

Reinforced concrete could be a standard material created by combining cement and farms with 56 
the aim of compensating for the relatively low durability and stability of RCP. Reinforcements that 57 
are mostly steel bars represent all the interconnected bars in the concrete that reinforce concrete 58 
development. Both materials have a complete consolidation because there is almost no slippage 59 
between the two and that the concrete acts in a way as a protective layer for the steel bar against 60 
corrosion. 61 

Despite the high cost of the reinforcing steel, it reminds the recommended one for construction.  62 
It is, therefore, necessary to review the likelihood of reducing this material to the minimum 63 
throughout pile construction. In the past, piles were unquestionably strengthened [4]. Nowadays, the 64 
designers are minimizing the length of reinforcing bars; therefore, they are scaling back the value of 65 
piles [5], [6], [8] – [11], [12] – [17], [17] – [20], [21]. This reduction needs excellent separation for the 66 
cases wherever the piles would like entirely or partly reinforcement and in case, cases where the 67 
reinforcement are eliminated. From the creation survey on the codes and their field findings 68 
recommendations, codes are required to provide specifications and limitations for the share of bars 69 
that ought to be provided within the pile cross-sectional area [8], [10], [22]– [26]. However, the depth 70 
of extension of this reinforcement on the pile is not sufficient and left to the designer discretion. The 71 
main objectives of this study are: (a) building a survey of the codes and their requirements on pile 72 
reinforcement, and (b) determining the ground response using the pile to give the reinforcement, and 73 
to see the reaction of the stress and strain along the pile and the different diameter. 74 

2. Basic Theory of Reinforcement Concrete Pile on a Lateral Load 75 

Several researchers have developed the speculation on (p-y) curves for sand to explain the 76 
connection between soil resistance and the lateral displacement of the pile below lateral load [27], 77 
[28]. The bending of the pile is described in equation 1-6 for beam bending, and it can be seen in 78 
Figure 1.  79 

Figure 1. The deflection, rotation, moment, shear force and soil resistance of the pile foundation 80 
around the pile 81 
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Where,  82 
y =deflection of the pile  83 
S= slope of the deflected pile 84 
M= moment of the pile  85 
V= Shear  86 
p= Soil reaction  87 
Ep = elasticity modulus 88 
Ip = moment of inertia of the pile  89 
QA =load 90 
 z =depth below the pile top                                                                                                                                                                                                                                          91 

The (p–y) curves are realized using the Winkler approach with uncoupled springs along the pile, where each is 92 
supporting a pile distribution. For each spring, a non-linear (p–y) curve is made. The curves were adopted and 93 
utilized in current strategies for designing lateral loaded piles within the standard codes [27], [29]. The ways 94 
are incredibly empirical as area unit they are fitted by solely a few all-out experiments represented by [8], [9], 95 
[12], [27], [30], [31]. The procedure for making the (p–y) curves for the cyclic lateral load on monopiles in the 96 
sand by [27]. The below Figure 2 shows the detail about the soil behavior and its p-y curves. 97 

 

Figure 1. The principle for describing soil behavior with p-y curves  98 

One of the main approaches for calculating the ultimate displacement because of soil yielding is 99 
the beam-on-foundation approach, where the soil is treated as plastic, and its lateral capacity is often 100 
determined from its resistance [6], [9] [15]. This method does not predict pile response since the soil 101 
resistance of the analysis is developed by empirical observation and is fitted to the numerical analysis 102 
results to satisfy the results. Another disadvantage of the (p-y) curve is that a curve developed for a 103 
particular site is not appropriate for one more site. In different countries, every site desires its (p-y) 104 



Infrastructures 2019, 4, x FOR PEER REVIEW 4 of 19 

 

curve is relying on the properties of the soil there, yet as a load, pile checks to predict lateral pile 105 
response accurately. This technique is therefore costly because each site requires a pile load test [9], 106 
[12]. An Associate in Narcoanalytical resolution supported an energy-based technique leading a 107 
collection of governing equations and boundary conditions.  The collection of governing equations 108 
and boundary conditions, which represent the deformation of pile and soil below static lateral load 109 
has been utilized by [9], [12], [36] in homogeneous soil linear elastic and [9], [12], [37] in multi-layered 110 
nonlinear and linear elastic soil. These equations were resolved numerically employing a finite 111 
distinction technique, whereas, used an equivalent technique to predict the deformation of a pile in 112 
homogeneous linear elastic soil below dynamic lateral loads [9], [12]. In order to predict pile 113 
displacement because of lateral load, three (03) approaches are often used: the cantilever technique, 114 
Winkler’s technique, and the elastic continuum technique. The cantilever method was developed by 115 
[9], [12]. In this methodology, the soil reaction is neglected, and the easy cantilever theory is employed 116 
to calculate the deformation. The distinction in the behavior of flexible and rigid piles has a much 117 
essential influence on soil behavior and the development of a “toe-kick” is essential for rigid piles.             118 

3. Finite Element Modeling (FEM) 119 

Loading on Abaqus 2017 software can be noted. The all-static loads were applied as concentrated 120 
force loads on the pile head. The symmetric geometry of the pile and the lateral deflection of the pile 121 
head was assessed under lateral loading when one was applied on the pile head. According to the 122 
solid mechanics formulations, the amount of lateral deflection can be found from Beam Flexure 123 
Theory. The pile that is placed in the soil continued up to the bedrock or hard layer. Therefore, it is 124 
often thought of as a cantilever beam [36], [38] – [41]. 125 

3.1 Soil FE Modeling 126 

The upper, secondary, tertiary and quaternary formations of the soil consist of layers of resistant 127 
heavy weathered sandstone at different thicknesses as follows: Top 6.5 m, second 3.1m, tertiary 3.2 128 
m, and quaternary 0.8 m. The fifth layer is intense to very dense metamorphic siltstone mudstone 129 
(8.4m). The physical and mechanical properties of the soil are indicated in Table 1. These values are 130 
given by the geotechnical investigation report (Institute of Geological Investigation of the Province 131 
of Jilin in China). It is important to say that the soil stratification adopted is comparable to that of the 132 
soil in Jilin Province (North-East China) where the "Yan song bridge@" was constructed. Recently, 133 
the behavior of the finite elements is made to describe the behavior of the geo-materials. Most 134 
complexes in a different loading handled the difficulties in the digital application and the 135 
identification parameters of the element using standard materials test procedure [22]. Elastoplastic 136 
model with models the Mohr-Coulomb failure (Mohr-Coulomb model) is usually used in finite 137 
element analysis of the Geotechnical Engineering.  For reason of its simplicity and its complete 138 
accuracy in case of rupture, which is dependent on the major and minor constraints of principle (σ1, 139 
σ3) as shown in Figure 3. The Mohr-Coulomb model is described by the cohesion c and internal 140 
friction angle ∅ [33], [42]. 141 

1

2
(σ1-σ3) +

1

2
(σ1 + σ3) sin ∅- cos ∅ = 0 

 

(7) 

When the distribution in the space of three-dimensional stress, the case of rupture is formed in 142 
an irregular hexagonal pyramid. 143 
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Figure 2.Mohr-Coulomb failure criterion 144 

The Mohr-Coulomb model is used in geotechnical engineering practice. In this simulation, the 145 
Moher Coulomb model has adopted nonlinear study behavior of the soil. In Abaqus 2017, three (03) 146 
parameters are required to define the behavior of the soil. These parameters are the Density γ ', 147 
friction angle Ф and Cohesion C. The elastic-modulus was taken according to the different soil 148 
properties with depth. The soil was divided into five (05) layers with constant properties for every 149 
layer as present in Table 1. 150 

Table 1. Geotechnical properties of the soil 151 

Soil  

 
Elasticity Mohr-Coulomb 

Quality Layer thickness 

Young’s 

modulus 

(Pa) 

Poiso

n 

Ratio 

Density 

(kg/m3) 

Friction 

angle 

(°) 

Cohesion 

(Pa) 

Heavy 

weathered 

sandstone 

 

top 6.5 76,80×106 0.25 1650 25.32 34000 

Second 3.1 56.50×106 0.25 1850 28.30 2570 

third 3.2 96.70×106 0.25 1690 23.18 2200 

fourth 0.8 57.80×106 0.25 1675 26.77 2800 

Metamorph

ic siltstone 

mudstone 

fifth 8.4 64.20 ×106 0.25 1600 22.24 4600 

Institute of Geological Investigation of the Province of Jilin in China 152 

3.2 Single Pile FE Modeling 153 

An ordinary reinforced concrete pile is the standard concrete pile wherever bending and Axis 154 
resistance is provided by longitudinal steel bars and concrete, while transverse steel in the form of 155 
hoops or spirals is used to provide concrete containment and shear strength, the concrete outside the 156 
transverse steel (concrete cover) is not confined and tends to overflow as inelastic demand will 157 
increase. once a bent deck pile is subjected to a lateral load, plastic hinges might form at the top of 158 
the pile   and below the ground. once pile is used to form pile bridge dents, each of those possible 159 
hinge positions can have completely different properties and behavior. in the case of the upper hinges 160 
and since of the area between the steel tube, the tube only provides containment and shear strength, 161 
whereas flexural strength is mainly provided by the longitudinal bars. Conversely, for in-grounds 162 
hinges, the steel tube will provide not only shear resistance and containment of the concrete, but also 163 
bending resistance. As a result, the moment capacity and stiffness of the belowground hinges in the 164 
pile will be considerably larger than those expected in the upper hinges. The reinforcement is FE 400 165 
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steel and was supplied by the Changchun manufacturing company in Jilin province, China, and the 166 
concrete has a compressive strength of 25 MPa. 167 

 

Figure 4. Modeling of the steel used for analysis the pile, Cover and reinforcement of the 168 
pile in which the concrete would be poured. 169 

3.3 Soil-Pile Interface 170 

The surface contact behavior of the pile-soil tangentially embraces the load transfer mechanisms 171 
in each direction. The conventional force is transferred only if the pile and soil square measure contact 172 
tightly, otherwise, it becomes zero. This type of traditional contact behavior will be present by (hard) 173 
contact choice provided by ABAQUS. The tangent behavior will vary from rough contact with no 174 
relative slippery between soil flank, and pile happens to slippery resistance conditions with no 175 
friction develops on the shaft of the pile. For contact between these two typical cases, pile resistance 176 
model in-built ABAQUS will be chosen to depict the interaction at the pile-soil interface with a 177 
prescribed resistance constant µ. These two ideal contact conditions may also be completed through 178 
the following cases: with resistance and without resistance. The soil-pile interface modeling is much 179 
essential due to its influence on the pile response below lateral loading within the soil-pile interaction, 180 
the surrounding soil and the pile elements are assumed deformable [31], [36], [39], [47]. The surface 181 
of pile elements and soil elements have a contact that the surface of pile components is selected as 182 
“Master surface,” and therefore the surfaces of soil elements are defined as “Slave surface.” In 183 
ABAQUS, these surfaces are known as the contact pair, and they are depicted in Figure 5. Following 184 
the suggestions created by API (1991) and Gireesha (2011) [36]. The coefficient of friction between 185 
concrete and sand relating shear stress to the normal stress was assumed to be 0.75 throughout the 186 
analysis. The “penalty function method” was utilized to represent the contact with normal contact 187 
stiffness (Kn). Once the tangent shear stress in pile-soil interface surpasses the shear resistance, 188 
relative slip between pile and soil happens. The interaction parameters used are shown in Table 2. 189 
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(a) (b)  

Figure 5. Soil-pile interface modelling in Abaqus (a) No sliding, (b)Sliding 190 

Table 2. Interaction parameters 191 

 Properties chosen for Model Alternative option  

Interaction  Mechanical contact<surface to surface 

> 

<Node to surface> 

Theory model Frictional behavior contacts by Mohr-

coulomb theory  

Various 

Sliding formulation  Small sliding Finite sliding 

Interaction properties   

Tangential behavior   

Friction formation  Penalty friction  Various 

Friction coefficient [-] 0.75 0.5 

Shear stress limit  No  Option limit can be 

set 

Elastic slip, Absolute 

distance[m] 

0.001 0.0005 

Normal behavior, hard contact 

with penalty constraint 

method 

 

 

  

Separation after contact Allowed  Not allowed  

Tie contact for the tip of the 

pile  

Assigned   

3.4  Mesh and Boundary Condition 192 

The soil Mesh model was modelling using 8-node linear brick components with eight integration 193 
points (C3D8). In Figure 6c close, the pile ground is fine, and the soil far to the pile will become more 194 
and bigger. The soil material model developed within the previous section is used in modelling the 195 
confined soil. The entire geometry of the soil pile generated. The crushed stone backfill was 196 
sculpturesque mistreatment linear elastoplastic, Mohr-Coulomb failure criteria with non-associated 197 
flow rule.  198 

The pile concrete domain was discretised utilized An 8-node linear brick, reduced integration, 199 
hourglass control (C3D8R) elements Figure 6b. Full interlocking between the sedimentary rock and 200 
therefore the soil pile is assumed. In addition, the soil pile sedimentary rock interaction was 201 
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simulated utilized two secured master/slave contact surfaces. The A2-Node linear 3-D Truss (T3D2) 202 
was used for meshing the steel bar on the pile Figure 6a, 203 

 

(a) 

 

(b) 
(c) 

Figure 6. The meshing modeling of the soil pile(a) Steel bar; (b) RCP; (c) assembly with 204 
meshing 205 

The pile is wholly embedded within the soil, and it is assumed to be concerning the bedrock. 206 
Therefore, the entire bearing nodes are taken as fastened assuming that the soil and pile are entirely 207 
warranted. The facet boundaries are constrained against horizontal direction, and the bottom 208 
boundaries are constrained against each horizontal and vertical directions. In addition, quiet 209 
boundaries are used for wave propagation and to eliminate "box effect" (i.e., the reflection of waves 210 
back to the model at the boundaries). In order to use the quiet boundaries to the model, infinite 211 
components are used at the boundaries. 212 

4. FE Modeling Validation by Field Lateral Loaded Pile Test 213 

4.1 Field Lateral Loaded Pile Testing materiel 214 

The 22m piles were embedded into the ground with a diameter of 1.2m for an overflow of 1.5m. 215 
The piles were poured on the site and hardened for 15 days. The lateral loaded pile test was carried 216 
out on a single pile. The soil was composed of several different layers whose characteristics were 217 
presented ulterior. A 250 kg jack placed between the two piles is capable of applying up to a load of 218 
300 tons. As shown in Figure 7c, comparators have been laid down finally measuring the 219 
displacement as a function of load Figure 7b. The load was applied using a manual machine as shown 220 
in Figure 7d. The same load applied five times is each time discharged after stabilization of 4 minutes 221 
and the unloading will be in rest for 2 minutes show on Figure 7a. The same procedure is repeated 222 
until the load reaches 1650kN. 223 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 7. The material used on the field to the test ;(a) The modeling of applying a load on 224 
the pile head; (b)The pile; (c)The view of the jack;(d) The machines used to apply load and 225 
measure the stress and strain 226 

4.2 Comparison Between FE Result and Field Measured Data 227 

In this study, a 3-D FE modeling was developed to analyze the lateral load behavior the pile 228 
foundation driven in dense sand. The findings obtained with the analysis were compared with the 229 
experimental results determined in lateral load tests on single piles in the different soils and 230 
reinforced concrete piles. The analysis aims to validate the planned technique. 231 

From Figure 8, the simulations show that when applying the load on the pile, the displacement 232 
on the curve of the ground is weak at the beginning of the loading (Time (h) between 0 and 1). Then 233 
after unloading, the load returns to the original place. However, as the load increases the curve of the 234 
field follows that of the simulation until it reaches.  When the load is the maximum load 1650kN, the 235 
displacement on the field is 9.67 mm, and displacement from the FEM is 9.62 mm. The maximum 236 
measured displacement between the analysis from the field and FEM is 0.05mm (0.48%) at the 237 
maximum load of 1650kN. This could be explained by soil moisture and the condition of applying 238 
load on the field. Figure 8 shows the material and pile on the field. Figure 8b and c show the detail of 239 
the comparison between the field test and analysis where was taking a point on the pile. As shown 240 
in the Figure 8(b) and (c) the pile head displacement of the simulation was 14.79mm and the 241 
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displacement of the pile head on the field was 14.74 mm either a different 0.05mm (0.48%)by applying 242 
a different lateral load (110kN to 1650kN). 243 

(a) 

(b) (c) 

Figure 8. Comparison of lateral displacement between Field measurement and FE 244 
Simulation result;(a) (H-t-Y0) the curve at the point of the test pile force FE Simulation result 245 
and field result; (b)Field measurement; (c)FE Simulation result. 246 

5 Numerical Results and Analysis 247 

5.1 Lateral Displacement Along the Pile 248 

The experiments are carried out on the model of drilled piles considering the self-weight of the 249 
pile as vertical load, unlike the driven pile, which have in addition the threshing force (driving 250 
resistance of the pile). The soil deformation curves vary not only according to the nature of the layers 251 
but also the depth by applying the different loads. Therefore, there are several deformation layers 252 
and it can be noted in Figure 9 tree layers made by Abaqus. The contours of the ground deform more, 253 
once by applying lateral loads (110 kN to 1650 kN) of the pile head. The deformation according to the 254 
plain view of the soil is represented in Figure 9 while Figure 10 shows the deformation as a function 255 
of the different loads applied to the pile in the soil. The deformation is like a wave that propagates in 256 
the ground and which is the epicenter of the pile. However, this wave has strong intensity in the 257 
direction of the lateral load applied at the level of the first layers (soil 1 and 2 Figure 10a, b) and strong 258 
intensity in the opposite direction of the lateral load applied at the level of the deep layers (soil 3 259 
Figure 10(c)). The deformations decrease with the depth of the soil. 260 



Infrastructures 2019, 4, x FOR PEER REVIEW 11 of 19 

 

(a) (b) 

(c) (d) 

Figure 9. Plan view of Sol deformation at different depth under lateral loading; (a)Soil 261 
deformation on the lateral load; (b) Top of the first layer;( c) Top of the Second Layer; (d)Top 262 
Third Layer 263 

(a) (b) 
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  (c) 

Figure 10. The relation of the first two soil displacement and the lateral load applying on 264 
the pile; (a)FE Simulation result for the soil 1; (b)FE Simulation result for the soil 2; (c)FE 265 
Simulation result for the soil 3 266 

Figure 11 (a) Exhibits the FE deformed pile - foundation obtained at the load from 110kN to 267 
1650kN lateral load. The distribution of piles’ (Missed equivalent stress), which is shown in Figure 268 
11(b) by the contour colors, indicating that the reinforced concrete close to the pile head at the first 269 
bend region of the pile experiences the very best stress. Figure 11(b) presents the displacement of 270 
lateral deflection generated from the FE model on pile below different lateral loads. The lateral 271 
deformation of the expected pile head at 12.87 mm is applied by the 1650kN load. The pile is inclined 272 
within the loading direction. It can be seen that the 3D FE analysis with success captures the deflection 273 
pattern of the batter pile. The deflection profiles from FEM show a slight deflection close to the pile 274 
head than the pile foot. Note, however, that the deflection curves on the pile match closely with the 275 
field measuring. It shows deformation effects at the soil surface measured near the head of the pile. 276 

(a) (b) 

Figure 3.The displacement of the lateral load on the pile head; (a) Lateral deformation of 277 
piles; (b) Lateral deformation profiles. 278 

5.2 The Stress and strain of Steel Along the Pile 279 

The resistance to longitudinal deformation of the pile is mainly taken up by the reinforcement, 280 
which are more resistant in traction than the concrete, which is resistant to compression, hence the 281 
usefulness of representing the stress of the reinforcement along the pile depth. And is the result of 282 
the lateral load showing the stress distribution on the pile reinforcement. The maximum stress is on 283 
3 to 6 m depth of the pile, and the more the applied lateral load increases the maximum stress also 284 
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increases. At a depth of 12.47 m, the minimum positive stresses are found by applying the lateral load 285 
of (110 kN to 1650 kN) to the pile head as shown in Figure 12(b). 286 

 The strain curve is plotted by choosing the same points as the stress along the pile and is a 287 
function of the depth. And it observes that stress and stress are proportional, but of opposite direction 288 
from which the maximum strain has a depth of 3 to 6 m of the pile, and the minimum is 12.47 m deep. 289 
It is also noted for different lateral loading cases that there is a constant relationship between strain 290 
and stress for example, for the loading case of 1650 KN a maximum stress of about 9 MPa is obtained 291 
and a maximum strain of about -30 which gives a constant value of about 3 m. This constant can be 292 
justified by the fact that the relationship between these two parameters is the Young's modulus which 293 
remains constant for the same material and represents the slope (Hooke's law). 294 

 295 
 296 
 297 
 298 
 299 
 300 
 301 
 302 
 303 

(a) 

(b) (c) 

Figure 12. stress and strain of a lateral load of steel along the pile; (a) the Steel bar modeling; 304 
(b) the strain of lateral of steel along the pile; (c) the stress of lateral of steel along the pile 305 

5.3 Effect of Reinforced Concrete Pile Diameter 306 
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Four different diameters (D = 1.00m, D = 1.2m, D = 1.45m and D = 1.8m) were chosen to study 307 
pile geometry impact at the load (110 kN, 440 kN, 1100 kN and 1650 kN). The pile is supposed to be 308 
elastoplastic, and the soil is made using the behavioral relationship of Mohr-Coulomb [1], [11], [14], 309 
[16], [28], [29]. Figure 13 shows the result of pile diameter on the stress distribution on the pile shaft. 310 
The increase of pile diameter will increase the pile stiffness and consequently can decrease the 311 
number of tensile stresses on the shaft. The most tensile stress and strain can decrease at a depth 312 
move between 4.28 to 4.73m for a pile diameter of 1.0 to 1.8 m, respectively. The depth of zero tensile 313 
stress decreases as the function of the pile diameter increasing. However, typically, it does not exceed 314 
diameters. Once the pile diameter increases, the moment of inertia of its section can increase too, that 315 
causes a reduction in stresses and strain Figure 13 and Figure 13. The lateral displacement 316 
distributions in function of different pile diameters are illustrated in Figure 14. The combination the 317 
finishes up in Figure 14 shows that the lateral displacements of the pile shaft decrease step by step in 318 
function of the pile diameter. Once applying the load of 1650 kN to the different pile diameters (1.0m 319 
to 1.8m) the differences between the displacements are perceptible. For example, the application of 320 
1650 kN to pile diameters 1.0m and 1.2m cause a slight lateral displacement (decreasing) of the pile 321 
shaft from 29.93mm to 12.57mm. Thus, the same proportion trend is observed at the level of different 322 
loads (110 kN, 440 kN, 1100 kN, and 1650 kN) applied to the different diameters (1.0, 1.20, 1.45, and 323 
1.80 m). Therefore, the displacement decreases when the diameter increase. The linear relationship is 324 
developed progressively at different types of soil interface Figure 14, which will be taken from 2 325 
aspects. On the one hand, the loading of the pile shaft can increase non-linearly with the increase in 326 
pile diameter that is useful to the increase the intervals of the lateral resistance of the pile shaft. On 327 
the other hand, enlarged pile diameter expands the pile-soil contact area (linear reaction between 328 
pile-soil contact area and pile diameter). As a result of the resistance force between pile shaft and soil 329 
flank, the lateral displacement of soil flank will cause lateral stress and strain on the pile shaft and 330 
thereby a lateral displacement of the pile shaft. Therefore, the ultimate variation law of the lateral 331 
displacement of the pile body used to figure out that between the loadings or lateral friction of piles 332 
takes the dominant role. The loading takes the dominant role during this case. 333 

(a) (b) 
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(c) (d) 

Figure 13. Impact of diameter on the stress distribution along of reinforced concrete pile; 334 
(a) The stress of the pile in the function different diameters at load 110kN; (b) The stress of 335 
the pile in the function different diameters at load 440kN; (c) The stress of the pile in the 336 
function different diameters at load 1100kN, (d) The stress of the pile in the function 337 
different diameters at load 1650kN. 338 

(a) (b) 

(c) (d) 

Figure 14. Impact of diameter on the displacement distribution along of reinforced concrete 339 
pile; (a) The displacement of the pile in the function different diameters at load 110kN; (b) 340 
The displacement of the pile in the function different diameters at load 440kN; (c) The 341 
displacement of the pile in the function different diameters at load 1100kN(d) The 342 
displacement of the pile in the function different diameters at load 1650kN 343 
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 344 

(a) (b) 

(c) (d) 

Figure 15. Impact of diameter on the strain distribution along of reinforced concrete pile, 345 
(a) The strain of the pile in the function different diameters at load 110kN, (b) The strain of 346 
the pile in the function different diameters at load 440kN, (c) The strain of the pile in the 347 
function different diameters at load 1100kN, (d) The strain of the pile in the function 348 
different diameters at load 1650kN. 349 

After analysis of the different curves, it is noted that according to the different lateral load cases 350 
apply the stress are: 351 

- inversely proportional to diameter (more the diameter is large, more the stress decrease) 352 

- proportional to the horizontal displacement of the piles (more the stress increase, more the 353 
horizontal displacement of the piles increases) 354 

- proportional and opposite direction to the strain (more the stress increases and the more the 355 
strain increases but the direction is negative) In additionally, the difference between the displacement 356 
decreases as shown in Figure 14 (d). However, the choice of diameter is made by respecting not only 357 
the permissible displacement of the piles, which is between (30 and 40mm), but also to satisfy the 358 
financial ratio and the safety factor. The soil being known to be heterogeneous with a significant 359 
safety factor will cover the solicitations due to time, hence the choice to make a comparison between 360 
the different types of diameter: D = 100 cm, d = 29,93 mm, while the displacement of the diameter D 361 
= 120 cm, 12,87 mm. 362 

6. Conclusions 363 
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The main objective of this paper was to study the performance force of reinforced concrete pile 364 
coherent soil under lateral load. From the finite element modelling process, the static analysis of the 365 
RCP was established by calculate displacement, stress and strain response along the RCP to the 366 
different soil layer. Then, has been generated the conclusion below following the comparison 367 
between the RCP simulation carried out by the Mohr-Coulomb model used in Abaqus, and the field 368 
measurement. 369 

1-after a comparison between the simulation and the field measurement, it can be seen that at 370 
the beginning of applied load, the displacement of the pile from the field is smaller than the 371 
simulation. When the load increases the displacement of the field and the simulation are almost 372 
follows, which when applied the final load 1650kN the displacement of the field is 9,67 mm, while 373 
that of the simulation is 9,62 mm.  374 

2 - after the application of the various lateral loads on the pile head, it was found that the 375 
deformation of the soil varies depending on the soil layer. And it was constant that at a depth of 6m 376 
there is the displacement zeros by applying different lateral loads on the pile head (110kN to 1650kN). 377 

3-it can be concluded that taking a point on the head of the pile the maximum displacement of 378 
the field was 14.74 mm and the displacement of the simulation was 14.79 mm, either 0.05 mm (0.48%) 379 
difference which is acceptable for validating the simulation. 380 

4-it can be noted that taking into account the field and the simulation the maximum stress and 381 
strain on the pile body is at a depth of 5 m and point where the stress and strain returns to 0 was at a 382 
depth of 13m, it can be noted that stress and strain have opposite directions. 383 
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