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Abstract: Behaviour of laterally loaded pile (LLP) requires accurate description for nonlinear performance of 

interaction between pile and the supporting soil. The encountered soil at East of Port-Said region is soft clay and 

extends down to more than fifty meters. In this study, available soil reports are reinterpreted to evaluate the required 

soil parameters. Concrete piles with different diameters are studied. Broms method is utilized to evaluate the 

ultimate lateral load (PU) and maximum lateral ground deflection (ygmax.). Comparative study between different 

methods such as P-y method, non-dimension method (NDM) and finite element method (FEM) using Hardening 

Soil Model (HSM undrained) is accomplished to obtain LLP capacity. The results showed that PU (Broms method) 

used at this study as reference load to compare between other methodsequals about485D
2
(kN),the average maximum 

bending moment for all methods equals about 1364D
2.91

(kN.m) at ultimate load. The ultimate value (PU) of the 

lateral load reached at the maximum lateral deflection (ygmax) isabout 7.5% of the pile diameter. Considering creep, 

the increase in percentage of (ygmax) due to long term condition compared with short term ranges from 188% to 

273% while the increase in percentage in maximum B.M. ranges from 31% to 57% according to pile diameter. 

Presence of pile cap relative to free head pilehave a significant effect inreducing the maximum lateral deflection by 

about 38% and reducing the maximum bending moment by 41.75%. 
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1. Introduction 

The ability to reach reasonable estimation for the 

behaviour of laterally loaded piles is an important goal 

in this study. Lateral loads may represent about 10-

15% of the vertical loads in case of on shores 

structures and about 25-30% in case of coastal and 

offshore structures [1]. For safe and economic pile 

foundation, pile behaviour should be assessed 

correctly, using pile load tests and /or well-known 

analytical methods. The Egyptian government has a 

plan for developing the East of Port-Said region which 

is located between 31°14´ to 31°0´ longitude 

and32°18´ to 32°latitude by creating industrial and 

logistic zones where the international trade passing 

through Suez Canal as shown in Figure 1. Soft clay 

soil in this region extends to more than 50 m below 

the ground surface and is considered among the most 

problematic soils due to their low strength, high 

compressibility and time dependence of 

deformation.In this study the most common methods 

used to evaluate the lateral capacity of piles are: 

 Broms Method (1964) [2]. 

 P-y Curve Method “Matlock 1970” [3]. 

 Non-Dimension Method (NDM) “Matlock 

and Reese, 1956” [4]. 

 Finite Element Method (FEM) [5]. 

This paper introduces the available soil reports 

done in the study area to determine the different soil 

parameters needed to calculate capacity of laterally 

loaded pile. 

 

2 Geotechnical Site Properties 

Available soil report (Pacer-Royal Haskoning-

2006) [6] included an extensive field and laboratory 

studies had been carried out for the site. The results 

are reinterpreted in order to determine the engineering 

soil properties needed to evaluate the capacity of 

laterally loaded piles.  

2.1 Stresses-Deformation Characterizations 

One hundred and ninety unconsolidated 

undrained triaxial tests (UU) were included in 

geotechnical report [7]. Stress-strain curves were 

reinterpreted to investigatethe values of deformation 

and strength parameters (modulus of elasticity of soil, 

ES and undrained cohesion, CU) of soil. The 

magnitude of ES is related to the value of strain as 

shown in Figure 2 [8], with the largest value from a 

line that is tangent to the initial portion of the 

curve.The largest value of ES called ESmax or EO: 

initial modulus of elasticity, E50: modulus of elasticity 

at strain = 50%. Reinterpretation of all UU tests using 

hyperbolic model (Duncan&Chang, 1970) [9] to 
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extract values of EO. These parameters EO, E50 and CU 

are averaged and levelled at each depth and shown in 

Figure3. 

2.2 Modulus of Subgrade Reaction (K) 

Carter, 1984[10] recommended a linear 

relationship between modulus of subgrade reaction 

and pile width by using appropriate parameters to 

describe the effect of the pile width on the subgrade 

reaction, as given by equation 1, [11].  

K =
1.0ES D

 1−νS
2 Dref

 
ES D4

EP IP
 

1
12 

(1) 

Where: 

νsis thePoisson’s ratio of the soil, D is pile 

diameter (m), Dref equals 1.0 m, EpIp isflexural rigidity 

of pile (kN.m
2
), Es is soil modulus of elasticity 

(kN.m
2
). 

The value of Kwith depth for a pile diameter 

with diameter 1.0 m is shown in Figure 4. 

2.3 Variation of Soil Elastic Modulus (𝐧𝐡) with 

Depth 

The most useful form of variation of Es with 

depth for normal consolidated clay is linear 

relationship and was expressed asfollows [12]. 

Es =  nh ∗ depth (2) 

Es: Modulus of soil elasticity 

nh: Variation of Modulus of soil elasticity with 

depth (h). 

Figure5 illustrates the variation of soil elastic 

modulus E50 (nh) with depth, (nh) for study area =118 

kN/m
3
. 

2.4 Evaluation of Strain E50: 

E50 is defined as the percentage of strain 

corresponding to one-half the compressive strength of 

the specimen at stress strain relationship Figure 6 

shows variation of E50 with depth. 

2.5 Unit Weight of Soil (γ) versus Depth: 

The unit weight is plotted with depth as shown in 

Figure 7. 

2.6 Plasticity Indexes 

The plasticity index (PI %), liquidity index (LI), 

liquidity limit (LL %) and water content (WC %) are 

plotted against the depth as shown in Figure 8. 

The Summary of average geotechnical properties 

which concluded from the Geotechnical reports, are 

shown in Table 1. 

 

3 Parametric Study 

3.1 Analysis of Flexible Single Laterally Loaded 

pile 

The capacity of flexible pile depends also on the 

capacity of pile section to resist bending moment. 

Broms method as traditional technique of limit 

analysis is used to evaluate the ultimate lateral load. 

The ultimate load calculated using Brome’s method is 

used as reference load for other methods to compare 

between results. 

Various flexible piles with diameters (0.5 m, 

0.750 m, 1.0 m, 1.5 m) are chosen with fixed pile 

length 25 m.First short term load equals to Broms 

ultimate load is applied at the free pile head at the 

ground level.  

3.2 Pile Properties 

The pile used in this study is concrete bored pile 

with average compressive strength fcu = 250 kg/cm
2
. 

The relation between Ep and fcu is expressed as 

follows: 

Ep= 14000 (fcu)
 0.5

, Ep = 2.2*107kN/m
2
 

 

Table 1: Summary of the average geotechnical properties of soil at East of Port-Said (EGYPT) 

 
 

http://www.lifesciencesite.com/


 Life Science Journal 2018;15(7) http://www.lifesciencesite.com 

 

49 

Table 2: Capacity of pile section to resist bending moment 

D (m) 0.5 0.75 1 1.5 

AS (cm
2
) 29.5 66.5 118 265 

MU (kN. m) 156 527 1250 4220 

 

γp, is the unit weight of concrete = 24 kN/m
3
, νp: 

Poisson’s ratio of concrete = 0.15, according to the 

pile section with reinforcement ratio =1.5% and 

vertical load = 0 kN the interaction diagrams used to 

evaluate the ultimate bending moment capacity for 

pile (MU) kN.m are given in Table 2. 

4 Analysis and Results 

4.1 Capacity of Pile using Broms Method 

Broms presented a set of curves and equations 

for solving the problem of long flexible pile, 

depending on head condition of pile (fixed or free) 

and some parameters as MU, CU and pile diameter D. 

The results are shown in Table 3. 

 

Table 3: capacity of pile using Broms method 

D (m) 0.5 0.75 1.0 1.5 

Β =  
Kh∗D

4EP ∗IP
 

1

4
(m

-1
) 

 

0.271 0.2003 0.1609 0.1187 

EP ∗ IP  kN. m2 ∗ 103 67.5 341.8 1080.4 5469.3 

MU (kN. m) 156 527 1250 4220 

PU (kN) 122 273 485 1090 

ygmax. (cm) 4.6 5.0 5.4 6.0 

 

  
Fig.1 Suez Canal site Fig.2 Stiffness modulus of soil 

 

 

 
Fig.3 Shear cohesion (cu) and deformation parameters of 

soil, EO,and E50 with depth (m) 

Fig.4 Variation of soil subgrade reaction Kwith depth at 

pile diameter 1.0m 
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Fig.5 Variation of Elastic modulus of soil (E50) with depth Fig.6 Variation of (ɛ50) with depth 

 

 

 

Fig.7 Variation of unit weight with depth Fig.8 Variation of plasticity indexes with depth  

 

Figure 9, shows the relation between pile 

diameter D (m) and the ultimate load PU (kN) Figure 

10, shows the relation between D (m) and ygmax (cm), 

where Kh: coefficient of subgrade reaction (kN/m
3
), β; 

relative stiffness, IP; pile inertia, ygmax; maximum 

deflection of pile at ground level due to ultimate load 

(PU). 

4.2 Capacity of Laterally Loaded Pile using p-y 

Curves Method 

The method depends on how exactly the 

mobilization of soil reaction versus a laterally loaded 

pile is represented. The model proposed by (Matlock-

1970) [3] is widely used and applied for soft claysoil. 

It depends on the best possible estimate of the 

variation ofundrained shear strength CU, value of 

E50and submerged unit weight (γ) with depth.  

The curves of P-y were derived at the different 

depths (h) for diameters of piles (D) = 0.5, 0.75, 1.0, 

1.5 m. ALLPILEprogram version 6.5 was used to 

solve the soil-structure interaction equilibrium 

problem. Table 4 shows the values of PU, ygmax, 

normalized location of max B.M along the length of 

pile. 

Figure 11a and Figure 11b show the relation 

between the deflection and the maximum bending 

moment on piles using p-y curve methods for different 

D.Figure 11b, shows that whenever the pile diameter 

increase (pile flexibility decreases) the length of pile 

which is encased by bending moment increases. 

 

Table 4: value of ygmax, B.Mmax, location of max B.M along pile (p-y method) 

D (m) 0.5 0.75 1.0 1.5 

Pu (kN) 122 273 485 1090 

ygmax (cm) 3.8 7 10.6 22.3 

B.M max. (kN.m) 164 593 1460 4710 

Normalize depth of max. B.M to the total length 0.120 0.192 0.272 0.372 
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4.3 Capacity of Laterally Loaded Pile using Non-

Dimensional Method (NDM) 

The physical character of soils led to Epy: 

modulus reaction for a pile under lateral loading 

should be zero at the mud line and increase linearly 

with depth Epy= Kpy*depth, where Kpy: coefficient of 

subgrade reaction for pile [13].  

Matlock and Reese (1960) [14] introduced 

equations for determining the bending moment and 

deflection at any point along the pile length. 

Table 5 shows the values of PU, ygmax, max. B.M 

and the location of max. B.M. normalized to total 

length of pile. 

The relation between the deflection and the 

maximum bending moment of piles using NDM 

method for different pile diameters are shown in 

Figure 12a and Figure 12b. 

 

 

  

Fig.9 Effect of Diametervariation on Pu 

 

Fig.10 Effect of variation of diameter on max lateral 

deflection 

 

  
Fig.11 Deflection and Bending moment (P-y) 

method 
Fig.12 (a,b) Deflection and Bending moment (NDM) 

 

Table 5: Value of ygmax, B.M max, location of max B.M along pile (NDM) 

D (m) 0.5 0.75 1 1.5 

Pu (kN) 122 275 485 1090 

ygmax (cm) 5.86 5.03 6.48 10 

B.M max. (kN.m) 223 626.3 1460 4964 

Normalize depth of max. B.M to the total length 0.132 0.168 0.220 0.332 
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4.4 Capacity of Laterally Loaded Piles using 

Finite Element Method (FEM) 

Finite element package, Plaxis 3D foundation [5] 

was used to calculate the capacity of single free head 

pile. The pile is modelled using an embedded pile 

model which is available in Plaxis 3D. The model 

geometry has been created with dimensions of 40 m in 

both X, Z directions and 45 m in y direction as shown 

in Figure 13. The soil profile has 9 layers according to 

Table 1. 

The model is implemented with fine mesh 

coarseness and number of elements = 10584. The 

constitutive model of port-said clay is represented by 

the hardening soil model (HSM). The hardening-soil 

model is an advanced model for simulating the 

behaviour of different type of soils, soft soils and stiff 

soils, Schanz and Vermeer [15]. 

The parameters (drained and undrained) of HSM 

were summarized inTable 6 (Hamedet al) [16]. 

Summary of lateral pile capacity is shown in 

Table 7. In addition to, the response of piles for 

different diameters using FEM method (Plaxis 3D 

program) is shown in Figure 14. 

 

Table 6: Summary of the HSM parameters afterHamed et al. (2017) [16] 

layer c′ ϕ′ 𝐸𝑢  50
𝑟𝑒𝑓

 (𝑀𝑃𝑎) 𝑚𝑢𝑛𝑑𝑟𝑎𝑖𝑛𝑒𝑑  𝐸𝑑  50
𝑟𝑒𝑓

 (𝑀𝑃𝑎) 𝑚𝑑𝑟𝑎𝑖𝑛𝑒𝑑  𝐸𝑜𝑒𝑑
𝑟𝑒𝑓

(𝑀𝑃𝑎) 

clay 0 22 4.66 0.81 3.21 0.59 2.1 

 

Table 7: ygmax and B.M max using FEM (HSM-undrained parameters)  

D (m) 0.5 0.75 1 1.5 

Pu (kN) 122 275 485 1090 

ygmaxat G.L (cm) 3.7 4.5 5.8 6 

Max. B.M (kN.m) 209 565 1454 3954 

Location of max. B.M from G.L (m) 2.5 2.5 5.0 5.0 

 

 

 
Fig.13 Finite element model (Plaxis 3D) Fig.14 Deflection and Bending moment (FEM) 

 

5 Effect of Creep on Laterally Loaded Pile 

Bowles [17] mentioned that the lateral 

displacement from long-term Loading, produce 

secondary consolidation or creep, has not been much 

addressed for lateral piles. Kuppusamy andBuslov 

[18] gave some suggestions but still the parameters 

needed for the necessary equations were difficult to 

obtain. 

The constitutive models of port-said clay were 

represented by two models, the hardening soil model 

(HSM) with drained parameters which are included in 

Table 6. The Soft Soil Creep Model (SSCM) is used 

in order to quantify the contribution of secondary 

consolidation in the long-term conditions to the total 

deformation.  

SSCM is used to simulate the long-term 

behaviour and it offers an additional advantage over 

the HSM by accounting for secondary consolidation 

effect as it significantly contributes the overall 

deformation of soft soils. 

Results of one-dimensional consolidation tests 

given by Hamed et al [16], are used to determine the 

different SSCM parameters of Port-Said Clay as 

shown in Table 8. 
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Table 8:Summary of SSCM design parameters for Port-Said Clay (after Hamed et al.2017) 

𝑪𝒄 𝑪𝒔 𝑪𝜶 𝒌∗ 𝝀∗ 𝝁∗ 𝒆𝒐 𝑪′ 𝝓′ 

0.75 0.105 0.014 0.03 0.109 0.002 2 0 22 

Where: CC: compression index, CS: swelling index, C𝛂: coefficient of secondary consolidation, eo: initial void ratio, 

k*: modified swelling index, λ*: modified compression index, 𝜇*: modified creep index, C
/
 and Φ

/
: effective shear 

strength parameters. 

 

𝜆∗ =  
𝑐𝑐

2.3(1+𝑒𝑜 )
 (3) 

𝑘∗ =  
2𝑐𝑠

2.3(1+𝑒𝑜 )
 (4) 

𝜇∗ =  
𝐶𝛼

2.3(1+𝑒𝑜 )
 (5) 

5.1 Results of Creep 
The maximum deflections at ground level (ygmax) 

under ultimate lateral load at different diameters for 

different constitutive models are shown in Table 9.  

The percentage of increaseof ygmaxdue to 

applying the HSM drained model (long term 

condition), SSCM which represent long term 

condition including creep also compared with HSM 

undrained (short term condition) are shown in Table 

10 and Figure 15. The percentage of increase of 

(ygmax) due to creep rangesfrom 188% to 273%, while 

the percentage of increase inmaximum B.M. ranges 

from 31% to 57% corresponding to variation of pile 

diameters. 

 

Table 9: Results of max. Deflectionygmax for piles using HSM and SSCM 

Ultimate Load (kN) Diameter (m) 
DeflectionygmaxUsing HSM. (cm) Using SSCM (cm) 

Undrained Drained  

120 0.5 3.7 6.4 13.8 

270 0.75 4.5 7.5 15.2 

485 1.0 5.8 8.6 16.7 

1090 1.5 6.0 9.8 18.1 

Table 10: Percentage of increaseof ygmaxdue to HSM (drained) and SSCM comparing with HSM (undrained) 

% increase of ygmax for pile diameter (FEM) compared with HSM undrained 
Average % 

Diameter (m) 0.5 0.75 1.0 1.5 

HSM (drained) 73 67 48 63 62.5 

SSCM (drained) 273 238 188 200 230 

 

Kuppusamy and Buslov [18] shows a 

comparison between creep deflection calculated by 

finite element method and field test data. It can be 

seen that the elastic deflections are relatively less than 

creep deflections and that the percentage of increase 

of creep deflection relative to elastic deflection 

reaches 575% as shown in Figure 16. 

The results of maximum bending moment due to 

ultimate lateral load for piles with different diameters 

using different constitutive models are shown in Table 

11. It is noticed that the percentage of increaseof 

maximum bending moment due to HSM (in drained 

condition) and SSCM compared with HSM 

(undrained condition) are shown in Table 12 and 

Figure 17. The percentage of increase of max. B.M 

due to creep ranges from 31% to 57% compared with 

short term condition as shown in Figure 17. 

 

Table 11: Max. B.M on piles using HSM and SSCM 

Ultimate Load (kN) Pile Diameter (m) 
Max. B.M. using HSM. (cm) 

Max. B.M using SSCM kN.m 
undrained Drained 

120 0.5 209 226 284 

270 0.75 565 675 885 

485 1.0 1450 1530 1900 

1090 1.5 3950 4540 5570 

 

Table 12:Percentageof increase of max B.M due to HSM and SSCM compared with HSM  

% increasing at max B.M with pile diameter compared with HSM undrained 
Average % 

Diameter (m) 0.5 0.75 1.0 1.5 

HSM (drained) 8 19 6 16 12 

SSCM (drained) 36 57 31 41 41 
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6 Comparison between Different Methods  

The values of maximum grounddeflection 

(ygmax.) calculated by different methods in short term 

condition are shown in Table 13. Figure 18 shows the 

relationship between the pile diameter and ygmax, it can 

observed that the large variation between maximum 

ground deflections calculated by the four different 

methods range from 100% to 370% compared with 

that calculated value by Brome method. 

Also, the values of max bending moment 

calculated by different methods are shown in Table 

14. Figure 19 shows the relationship between pile 

diameter andmax B.Mcalculated by the four different 

methods compared with that calculated value by 

Broms method, it ranges from 94% to 119%. 

 
 

Fig.15 Deflection ygmax using HSM and SSCM 

 

Fig.16 Relation between load and deflection after 

Kuppusamy and Buslov 1987 [18] 

 

  

Fig.17 Max Bending moment using HSM (undrained), 

HSM (drained)and SSCM 

Fig.18 Values of ygmax using different methods 

 

 
 

Fig.19 Values of max Bending moment using different 

methods 
Fig.20 Bending moment at D=0.5 m 
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Table 13: Max deflection ygmax using different methods 

Deflectionygmaxon pile with Broms -ultimate load Pu (kN) 

Diameter (m) 0.50 0.75 1.0 1.5 

Pu (kN) 122 273 485 1090 

Broms Method 4.6 5 5.4 6 

P-y curve Method 3.8 7.0 10.6 22.3 

NDM Method 4.1 5.0 6.5 10 

Finite Element Method- HSM 3.7 4.5 5.8 6 

Average 4.1 5.4 7.1 11.1 

Table 14: Max Bending Moment (B.M) using different methods 

Max. Bending Moment (kN.m) on pile with Bromsultimate load Pu (kN) 

Diameter (m) 0.5 0.75 1.0 1.5 

Pu (kN) 122 273 485 1090 

Broms Method 156 527 1250 4220 

P-y curve Method 164 593 1460 4710 

NDM Method 223 526 1460 4964 

Finite Element Method - HSM 209 565 1454 3954 

Average 188 553 1406 4462 

 

7Effect of Pile cap  

When the pile head has a cap the values of the 

B.M along the pile length are affected. Figures20 to 

23 show the values of the bending moment distributed 

along the pile length at different pile diameters for 

free and fixed head. Figures24 to 27 indicate that the 

values of the deflection along the pile length for free 

pile and pile with cap at different pile diameters. 

Table 15 shows the maximum values of the head pile 

deflection and the bending moment for free head and 

pile with cap at different pile diameters. The 

percentages of reduction at ground deflection and 

maximum bending moment along pile length were 

illustrated at Table 15.  

8Effect of Pile Cap Thickness (foundation 

thickness) 

Figure 28shows the values of the bending 

moment at the pile head for different pile diameters 

and different pile cap thickness. It can be observed 

that the thickness of pile cap has no significant effect 

on the bending moment at the pile head. 

  
Fig.21 Bending moment at D=0.75 m Fig.22 Bending moment at D=1.0m 

 

Table 15:Maximum value of head deflection and bending moment for free head and pile with cap 

Pile 

diameter 

[m] 

Free head condition Pile with cap head condition 

% ground deflection 

(with cap/free) (B/A) 

% Max. B.M 

(with cap/free) 

(C/D) 

{A} 

Ground 

deflection 

[cm] 

B.M max. [kN.m] {B} 

Ground 

deflection 

[cm] 

B.M max. [kN.m] 

Top 

B.M 

Along 

pile{D} 

Top 

B.M 

Along 

pile{C} 

0.5 3.8 - 212.7 1.14 29.3 74.4 0.30 0.35 

0.75 4.6 - 572 1.50 130.2 205.5 0.32 0.36 

1.0 5.7 - 1450 2.10 295 573 0.37 0.40 

1.5 6.0 - 3960 3.35 942.3 2212 0.56 0.56 
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9. Effect of pile length on the ground line deflection 

Figure 29(a, b), show that there will be a 

significant increase in the ground line deflection as the 

pile length is less than critical. The length of pile must 

be selected to give an appropriate factor of safety 

against excessive ground line deflection (Reese and 

Van Impe 2001) [19]. 

Figure 30 shows the relation between pile length 

and ground line deflection for pile diameters equal 

(0.5, 0.75, 1 and 1.5 m) at study area. It is noticed that 

the critical length of piles are given as ratio of pile 

diameter. Table 16 shows the values of the critical 

length /diameter of the pile are approximately close to 

12 for all diameters. This means that any increase in 

pile length more than the critical length of the pile has 

no effect in decreasing the lateral deflection of the 

pile.  

 

  
Fig.23 Bending moment at D=1.5m 

 

Fig. 24 Deflection (m) at D=0.5m 

 

  
Fig.25 Deflection (m) at D=0.75m 

 

Fig.26 Deflection (m) at D=1.0m 

 

 
 

Fig. 27 Deflection (m) at D=1.5m Fig.28 Effect of pile cap thickness (foundation thickness) 
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Table 16: Values of critical length of pile at different pile diameters 

Pile Diameter’s “D” (m) 0.5 0.75 1.0 1.5 

Critical Length “Lcrit” (m) 6.0 9.0 12 15 

Lcrit/D 12 12 12 10 

𝝱Lcrit 1.62 1.80 1.93 1.78 

 

  
Fig. 29 (a , b) Critical Pile length (Reese and Van Impe 2011) [19] 

 

 
Fig. 30 Relation between pile length and ground deflection with different pile diameters 

 

10.Conclusion 

Based on this research the following conclusions 

are drawn: 

 The ultimate load of laterally loaded pile in 

soft clayey soil can be represented by the equation 

Pu=485D
2
 kN,whilethe average maximum bending 

moment can be represented by the equation 

B.Mmax=1364D
2.91

 at ultimate load. 

 Broms method gives very good estimation 

for the maximum deflection at pile head for flexible 

pile at soft clay when compared with other methods. 

 P-y method gives highly estimation for 

deflection at pile head for flexible pile in soft clay 

especially for large diameter pile,butit gives good 

estimation for the maximum bending moment when 

compared with other methods. 

 Non-dimension method (NDM) gives very 

good estimation for both deflection at pile head and 

for the maximum bending moment along the pile 

when compared with other methods. 

 Finite element methods (FEM) using 

Hardening Soil Model (HSM undrained)for short term 

condition gives very good estimation for pile head 

deflection but give very low estimation for maximum 

bending moment along pile length when compared 

with other methods. 

 Attention should be paid to study the effect 

of creep when the laterally loaded piles are 
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constructed in soft clay soils, especially when lateral 

displacement is governed by a limit value, as creep 

increases the lateral displacement increases by 188% 

to 273% relative to elastic displacement (short term 

displacement) while the increase inpercentage in 

maximum B.M. ranges from 31% to 57% according to 

pile diameter. 

 The value of ultimate lateral load occurs 

when the lateral displacement at ground level ygmax 

around approximately to 7.5% of pile diameter for 

short-term loading HSM (undrained) model, while 

Arulanantham [20] and Sawwaf [21] mentionedthat 

the ultimate lateral load occurs when ygmaxis around 

10% of the pile diameter.  

 Increase of pile length greater than critical 

length (12D) has no significant effect in decreasing 

the lateral deflection of laterally loaded pile. 

 Considering laterally loaded pile with cap 

reduces the lateral deflection by about 38% and 

reducing the maximum bending moment by 41.75%. 

However, increasing the pile cap thickness trivially 

affects the lateral deflection and the maximum 

bending moment.  
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