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1. Introduction 
 

The Nile river water pump station at the Western project 

in the first Shush Street was investigated to assess the safety 

of the structure under earthquake, environmental, working 

and own weight loads. The river platform subject to dead, 

live, earthquake and environmental loads (wind, wave, and 

current loads), is a marriage between the flat plate and the 

piles. The plate transfers the loads to the piles and the piles 

transfer the loads to the soil surrounding and under the 

piles. 

Kaynia (2012) studied the effect of flexible slabs on the 

dynamic and seismic responses of pile groups. Tallavó et al. 

(1995) studied the average frequency of a platform. Chau et 

al. (2009) studied the nonlinear seismic soil–pile–structure 

interactions of a model on a shaking table. Hamilton (2014) 

studied pile-soil interactions in unsaturated soil conditions. 

Asgarian et al. (2012) studied the effect of soil pile 

structure interaction on the dynamic characteristics of jacket 

type offshore platforms. Kaynia and Andersen (2015) and 

Kaynia et al. (2015) represent the soil under a platform as 

springs for the dynamic analysis of platforms. Hussien et al. 

(2010) studied the seismic response of end bearing piles 

supporting simple structures. Lysmer and Kuhelemeyer  
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 (1969) concluded that the maximum deflection in the  

 

upper part of the pile decreases with pile depth, and an 

increase of pile size did not cause a significant impact on 

pile response. Kim et al. (2015) studied a laterally loaded 

mono-pile type offshore wind turbine supported by a series 

of discrete springs, each having its own nonlinear load-

displacement characteristics. Yi et al. (2015) studied wind 

turbine offshore models considering pile-soil-interaction. 

Cheng and Lui (2012) studied the reliability analysis of 

steel cable-stayed bridges including soil-pile-interaction. 

Dode et al. (2014) studied a building supported on pile 

groups. Abu Seif and El-Shater (2010) concluded that 

Sohag Governorate, especially in floodplain region, has 

encountered construction problems because of its 

sedimentation history and deep foundations are usually used 

to reduce settlement. Durante et al. (2015) investigated the 

complex seismic pile-soil interaction phenomenon by 

testing models on a shaking table. Ravi Kumar Reddy and 

Gunneswara Rao (2011) studied experimentally and 

numerically the model of a building frame supported by pile 

groups embedded in cohesionless soil. Chore et al. (2010) 

concluded that the increase in the piles numbers in a group 

decreases the displacement, the increase in the pile diameter 

reduces the displacement, parallel configuration of pile 

group yields higher displacement than the series 

arrangement, end bearing piles yield less displacement than 

floating piles, and the SSI is found to increase the 

maximum negative and positive bending moment on piles. 

Razavi et al. (2007) recommended avoiding the use of 

batter piles with plumb piles in a design. Chatterjee et al. 

(2015) studied the seismic behavior of a laterally loaded  
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pile applying a pseudo-static methodology. Mehndiratta et 

al. (2014) found that the decrease of the piles’ diameter, 

increase the response of the pile groups. Mandal et al. 

(2012) investigated the lateral load carrying capacity of a 

short pile in layered soil. Abdel-Mohti and Khodair (2014) 

studied the pile-soil interaction in a soft soil under lateral 

loading using the finite difference and finite element 

software which defined soil as isolated springs. Ukritchon 

et al. (2016) concluded that the maximum effect happens at 

the corner piles of a pile group and it decreases as the 

location of the pile gets closer to the center but increases 

again below the applied vertical load. Additional detailed 

discussion on SSI can be found in the book by Elnashai and 

Di Sarno (2015).  

In this paper, a 3D FEM model of an existing riverine 

offshore platform supported by a piles group with special 

distribution was analyzed under earthquake and 

environmental loads (wind, wave, and current loads). A 

realistic model of the full scale model was developed from 

different structural elements (piles and platform) with its 

real specification and represents the soil as spring-gap 

elements at the interaction between the bed level soil and 

the piles, while under the bed level as spring-dashpot 

elements at the interactions between the piles and the soil, 

with different soil layers through which the piles pass. The 

effects of the earthquake loads and the different kinds of 

environmental loads on the platform were investigated, 

which confirmed that there are probable failures to occur in 

the platform and the piles carrying it, while the soil 

surrounding the piles suffers from separation. 

 

 

2. Model description 
 

The pump station consists of a pedestrian bridge with a 

length of 90 m mounted on 62 piles and a pile-supported 

platform with dimensions of 26 m x 17 m as shown in Fig. 

1. The transfer reinforced concrete plate of the platform is 

800 mm thick with upper and lower reinforcement meshes 

818/m’ in both directions, rebar chairs 22/m’ in both 

directions and reinforcement cover 50 mm at top and  

 

 

bottom. The platform plate is mounted on 108 piles (with 

circular section of 550 mm diameter with steel pipe casing 

thickness 20 mm) 25 m length (14 m embedded in the river 

bed) away from the river bank by 100 m. The dead and live 

loads acting on the platform are: steel frame = 300 KN, six 

pumps = 600 KN, two generators = 60 KN, electricity panel 

= 5 KN, live load = 10 KN/m
2
. The steel frame and the 

equipment loads on the deck were modeled as distributed 

load on the platform. Table 1 represents the geometrical and 

material properties for the elements of the platform and pile 

group foundation; these values of EC and μC are also used 

by Chore and Ingle (2008). Fig. 2 shows the dimensions and 

the arrangement of piles in the platform. 

 

2.1 Computer modeling of the platform 
 

A three-dimensional structural model was constructed 

by the finite element method and materially nonlinear 

response spectrum analysis was performed. Two models 

with fixed and hinged connection between the piles and the 

platform were compared. The SAP2000 v.17 computer 

program was used to estimate the response of the transfer 

plate and the pile group. The plate is modeled using thick 

shell elements. All piles were modeled utilizing frame 

elements.  

 

 

Table 1 Geometrical and material properties for the 

elements of the platform and pile group foundation 

Properties Corresponding Values 

Pile diameter (D) 550 mm 

Length of pile (L) 25 m 

Thickness of pile cap 800 mm 

Grade of concrete used for pile 

cap 

Characteristic compressive 

strength: 40 MPa 

Young’s modulus of elasticity 

(EC) 
0.3605x108 KPa 

Poisson’s ratio for concrete 

(μC) 
0.15 

 

 

 

 

Fig. 1 Platform View 
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Fig. 2 A platform sections and plans 
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The soil (until 2 m depth) was modeled by spring-gap 

elements (Fig. 3) with stiffness k and gap distance δ used 

between each pile and the soil at a depth of 1 m under the 

soil surface both in x and y directions, to account for the 

gap that may occur between the pile and soil due to the 

lateral load actions. For the remaining depth (under the 2 m), 

the soil was modeled by soil springs (without gap) in three-

dimensions until the bearing level (i.e., the end) of each pile. 

The soil around the pile group was considered to be formed 

of three layers with different properties.  

The 3D finite element model of the platform used in 

SAP2000 v.17 is shown in Fig. 4. 

 

2.2 Applied loads 
 

The platform subjected to the following loads: 

 Own weight of the steel frame structure, the RC 

plate, weight of the equipment and moving loads 

of the forklift, and live load on the RC plate. 

 Environmental loads consisting of wind, wave and 

current loads. 

Earthquake loads. 

 

 

 

Fig. 3 The spring-gap element (at 1 m under bed level) 

 

 

 

 

Fig. 4 The 3D finite element model used in SAP2000 

v.17 

 

2.2.1 Environmental loads 
The environmental loads include current loads, wave 

loads and wind loads as follows: 

 

Current Force 
The drag force is given by Eq. (1) (API, 2000, 

Chandrasekaran 2015): 

2

2


D dF C AU  (1) 

where FD is the drag force (KN), Cd is the drag coefficient, 

ρ is the water density (t/m
3
), A is the cross section (m

2
) and 

U is the current velocity, with value 0.1-2.3m/sec (Sutcliffe 

and Parks 1999). This force acts on the part of piles 

between the water level and bed level. 

 

Wave forces 
The regular wave theories are used to calculate the 

forces on fixed offshore platform, illustrated in Fig. 5, and 

based on the three parameters of water depth (d), wave 

height (H) and wave period (T). 

The total force is calculated by using Morison’s 

equation, which decomposes the total force into an inertia 

component and a drag component (API, 2000; 

Chandrasekaran 2015) 

1

2
m d

du
F C V C Au u

dt
    (2) 

where F is the total force on the platform, Cm is the inertia 

coefficient, u is the current velocity, 
dt

du
 is the current 

acceleration, and is the V object volume. This force acts on 

piles at water level. 

 

Wind forces 
The wind pressure as recommended by the Egyptian 

Code for the calculation of loads and forces ECP-201 

(2008) and by API (2000) is as follows 

q = 0.5 ρ V
2
 Ct Cs (3) 

where q is the total wind pressure (KN/m
2
), V is the wind 

velocity, ρ is the air density (1.25 t/m
3
), Ct is the 

topographic factor (1.00),  and Cs is the shape structure 

factor. 

 

d

L

H

Still Water Level

Mud Level

C

x


 

Fig. 5 Wave parameters 
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The wind force as recommended by the Egyptian Code 

for the calculation of loads and forces ECP-201 (2008) is as 

follows 

2

100.0437 s pF C A U  (4) 

where F is the wind force in KN, Cs is the shape structure 

factor, Ap is the cross section (m
2
), U10 is the wind velocity 

(Km/hr). This force acts on the part of piles over the water 

level and an equivalent wind force from the steel frame on 

the platform. 

 

2.2.2 Earthquake loads 
In this study, a materially nonlinear earthquake response 

spectrum analysis was performed on this riverine platform 

subjected to earthquake and environmental loads. This 

study provides a very important case to design safe piles to 

satisfy the requirements of the safety of the platform when 

it is designed with the applied earthquake and 

environmental loads which affect the structure in its life age. 

The big projects are designed to satisfy the earthquake 

and environmental loads that may be subjected to in their 

lifetime. The most influential loads can the structures 

subjected to, are the earthquake loads that can make the 

structure collapse easily especially the connections between 

different kinds of elements (piles and platform). The effect 

of earthquake was taken into consideration in addition to 

the environmental loads acting on the platform, so that the 

actual design for such structure will study, the combination 

between different kinds of loads (except wind load since the 

earthquake effect will be taken into consideration) for the 

maximum effect will study to show if that structure will 

resist loads subjected to or not.  

The earthquake is described in the Egyptian code ECP-

201 (2008, 2011) by the elastic ground acceleration 

response spectrum Se(T), denoted as the “elastic response 

spectrum”. The shape of the horizontal elastic response 

spectrum in ECP-201 is as presented in Fig. 6. 

The response spectral shape is composed by four 

branches: 

 Very low period branch, from peak ground acceleration 

to the constant acceleration branch  

 Constant acceleration   

 Constant velocity  

 Constant displacement.  

 

 

4 Sec.T
DT 

C
T

B

a g s 
1

a g s 
1

2.5

S
e
(T)

 

Fig. 6 Elastic response spectrum 

Table 2 Values of parameters used in response spectrum 

analysis 

Subsoil Class S TB TC TD 

B 1.35 0.05 0.25 1.2 

 

 

The equations used for the calculation of the elastic 

response spectrum are 

0 ≤ 𝑇 ≤ 𝑇𝐵 :        𝑆𝑒(𝑇) = 𝑎𝑔 𝛾𝐼 𝑆 [1 +
𝑇

𝑇𝐵

 (2.5 𝜂 − 1)] (5) 

 

𝑇𝐵 ≤ 𝑇 ≤ 𝑇𝐶 :      𝑆𝑒(𝑇) = (2.5 𝑎𝑔 𝛾𝐼 𝑆 𝜂) (6) 

 

𝑇𝐶 ≤ 𝑇 ≤ 𝑇𝐷:      𝑆𝑒(𝑇) = (2.5 𝑎𝑔 𝛾𝐼 𝑆 𝜂 [
𝑇𝐶

𝑇
]) (7) 

 

𝑇𝐷 ≤ 𝑇 ≤ 4 𝑠:     𝑆𝑒(𝑇) = (2.5 𝑎𝑔 𝛾𝐼 𝑆 𝜂 [
𝑇𝐶  𝑇𝐷

𝑇2
]) (8) 

where 

Se(T) Elastic Horizontal Response Spectrum 

T Vibration Period Time 

ag Ground Acceleration 

TB, TC, TD Limits depending on the soil type 

TB, TC Constant acceleration limits for elastic 

response spectrum 

TD    Specific value where starts constant 

displacement 

γI  Importance Factor 

η Correction Damping factor (depending on 

the type of structure) 

S Soil Factor 

 

In this study, we have: ag = 0.2g (Zone No. 2), γI =1.4,  

η = 1 (reinforced concrete), Subsoil class: B. The values of 

parameters used in the response spectrum analysis are as 

shown in Table 2. 

 

2.3 Design of piles for skin friction and bearing 
 

In this study, the piles supporting the platform are 

considered as combined skin friction and bearing pile type 

(Mosher and Dawkins 2000, NAVFAC, 1986). 

The following equations explain the capacity of the pile 

for both types, i.e. bearing (tip) and skin friction (side).  

The ultimate tip resistance (bearing capacity of the end) 

Qtip of the pile is represented by Eq. (9) as follow 

Qtip = Atip . qult. = Atip . (Nq.σv + Nc) (9) 

where:  

Atip is the area of pile tip;   

qult is the ultimate end-bearing pressure;    

σv is the vertical stress in soil (overburden pressure);    

Nq is the bearing factor for cohesionless soils (it is a 
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function of friction);   

Nc is the bearing factor of cohesive soil (it is a function of 

depth/width). 

The ultimate skin friction (side resistance) participation 

Qside in the pile capacity for friction pile is calculated by Eq. 

(10) as follows 

Qside= Σσf OiΔl = Σ (σ0 + Ca) OiΔl (10) 

where: 

σf  is the skin friction (side resistance);  

Ca  is the adhesion of cohesive soil;   

Oi  is the perimeter of pile section;   

Δl  is the segment of pile;   

σ0  is the  skin friction of cohesionless soil, calculated as 

follows:  

σ0 = σh tan δ = Kdown . σv . tan δ                

where: 

Kdown = σh / σv 

σv  is the vertical stress in soil;   

σh  is the horizontal stress in soil;   

Kdown  is the ratio of vertical and horizontal stress in soil;   

δ  is the skin friction between soil and pile ( it is a function 

of pile skin materials);   

Ca = Kc. Ka. C                                                

where: 

C  is the shear strength of cohesive soil (cohesion);    

Kc  is the adhesion factor;    

Ka  is the adhesion ratio, Ca/C (it is a function of C). 

The full ultimate downward capacity of the pile is 

calculated from the following Eq. (11) 

QU = Qtip + Qside (11) 

where: 

QU is the Ultimate downward capacity;   

Qtip is the Ultimate tip resistance (end-bearing capacity);   

Qside is the Ultimate side resistance (skin friction capacity). 

 

2.4 Soil pile interaction 
 

The stiffness and dashpot coefficients proposed by 

Roesset and Angelides (1980), Gazetas and Dobry (1984), 

Gazetas and Makris (1991) and Makris and Gazetas (1992) 

are used in this study: 

Eq. (12) represents the stiffness of soil in horizontal (x, 

or y) direction. 

1.2x sk E  (12) 

Eq. (13) represents the damping of soil in horizontal (x, 

or y) direction. 

1

4
06 2 x

x s s s

k
c a V d 





   (13) 

where Es, Vs, βs and ρs, are Young's modulus, shear wave 

velocity, damping ratio and mass density of the supporting 

soil, respectively and a0 is a dimensionless frequency 

parameter defined as 0

s

d
a

V


 . 

 

 

Eq. (14) represents the stiffness of soil in vertical (z) 

direction.  

0

1
0.6 (1 )

2
z sk E a   (14) 

Eq. (15) represents the damping of soil in vertical (z) 

direction. 

1

4
0 2 z

z s s s

k
c a V d 





   (15) 

 

2.5. Soil layers of River Bed 
 

Characterization of the soil under the bed level of the 

Nile River and a description of each soil layer can be found, 

e.g., in Warner et al. (1984) as shown in Table 3. 

Three layers of soils under bed level were taken, 

through which the piles of the platform pass. Table 4 

represents the herein used three river bed soil layers. These 

layers were transformed to 3D soil elements (springs and 

dashpots) arranged at all over the length of the piles from 

bed level until the end of the piles. Especially from bed 

level until 2 m under bed level (i.e., bed: −2 m), the soil is 

the same as that of Layer (1) in Table 4 and this depth is 

represented as two spring-gap elements (at 1 m under bed 

level, one in x direction and one in y direction) between 

each pile and the soil to account for the gap that may occur 

between each pile and the soil due to the lateral load 

actions, where the gap distance equals zero and the stiffness 

of the spring equals kx = ky of Layer (1) in Table 4.  

Additionally, from 2 m to 14 m under the bed level (i.e., −2 

m : −14 m), the three layers of soil (which the piles of the 

platform pass through) were modeled as soil springs in 

three-dimensions arranged all over the length of the piles 

until the end of the piles. 

 

 

Table 3 Classification of soil under bed level of Nile River 

Depth (m) Classification 

Bed : -1.50 Clay 

-1.5 : -3 Clayey sand / Fine sand 

-3 : -8 Clay/interbedded silty sand 

-8 : -14 Sand/Clay 

-14 : -15 Fine sand 

-15 : -20 Medium sand 

-20 : -26 Sand/gravel 

-26 : -34 Coarse sand/large gravel 

-34 : -45 Fine sand 

More than -45 Bedrock 

 

 

 

Table 4 The three soil layers 

Layer Depth (m) Description 

Layer (1) −2:−4 Medium 

Layer (2) −4:−8 Stiff 

Layer (3) −8:−14 Very stiff 
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3. Results and discussion 
 

The riverine platform constructed in the Nile River was 

analyzed under different loading conditions to check its 

ability to withstand the earthquake and environmental loads 

that may be exposed to. Materially nonlinear response 

spectrum analysis was performed on the platform and the 

connected piles (in fixed and hinged connection cases), the 

materially nonlinear properties of soil were taken into 

consideration and the SAP2000 v.17 software was used to 

analyze the model of platform and piles.  

Fig. 7 shows the maximum displacements in the x and y 

directions with fixed and hinged pile connection for the 

whole depth of the piles in different distances in the 

platform, namely for the rows of piles with x = 0., 4.9, 9.9, 

14.9, 20., 23.4 and 24.9 m (see Fig. 2(a)). Fig. 7(a) shows 

the displacements of the piles in x direction for fixed 

connection between the piles and the platform, where the 

displacement values of each row of piles are close, the 

maximum displacements occur at the top of the piles and 

the displacements reduce with increasing depth of the piles; 

at depth -11 m no significant effect of the soil was observed 

due to the interaction of the piles and the river bed, but the 

displacements reduced gradually by a constant ratio. Fig. 

7(b) represents the displacements of the piles in x direction 

with hinged connections between the piles and the platform,  

 

 

the displacements are bigger than the corresponding values 

in the fixed connection case, and the values of the 

displacements of each row of piles appear to be closer than 

the fixed case. At depth -11 m no significant change 

appeared in displacements, but also the values decreased 

gradually with a ratio of 2.7% which is greater than the 

corresponding ratio in fixed case (1.32%). 

Fig. 7(c) shows the displacements of the piles in y direction 

with fixed connections, where for the top 5 m of the piles 

the displacements are almost constant and gradually 

decrease with a constant ratio of 3%. Fig. 7(d) represents 

the displacements of the piles in y direction with hinged 

connections, where the displacements of the piles for each 

row of piles are close with a decrease ratio equal to 12.8%, 

and the displacements of the piles in the hinged case are 

bigger than the corresponding values in the fixed 

connection case.  

Fig. 8 shows the maximum shear forces in x and y 

directions in the piles with fixed and hinged platform 

connection at different distances in the platform, namely for 

the rows of piles with x = 0., 4.9, 9.9, 14.9, 20., 23.4 and 

24.9 m (see Fig. 2(a)). Fig. 8(a) shows the shear forces in x 

direction in the piles with fixed connection between the 

piles and the platform, where the shear forces in piles 

increase (except for piles at distances zero and 4.9 m which 

initially decrease and afterwards increase) until about the  

  
(a) Displacement in x direction (fixed) (b) Displacement in x direction (hinged) 

  
(c) Displacement in y direction (fixed) (d) Displacement in y direction (hinged) 

Fig. 7 Displacements of the piles in x and y directions for fixed and hinged connection between the piles and the platform 
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bed level depth (-11 m) because of the pounding between 

soil and piles, after that the shear forces decrease until the 

depth -20 m (about equal to half the embedded length of the 

pile) and then the shear forces increase in the last 5 m depth 

of the piles until the end of the piles. Fig. 8(b) shows the 

shear forces in the x direction in the piles with hinged 

connection which are nearly similar at the bed level for all 

piles, afterwards the shear forces decrease at depth -15 m 

and then increase gradually until the end of the piles. From 

Figs. 8(a) and 8(b) it is observed that at end of the piles the 

shear forces in x direction with fixed connection decrease 

by 1.75 times more than the corresponding values in the 

hinged connection case, but at bed level the shear forces in 

the fixed case increase by 1.50 times than the corresponding 

values in the hinged case. Fig. 8(c) represents the shear 

forces in y direction in piles with fixed connection case, 

which have nearly constant values from depth -5 m until -20 

m and the maximum shear force values are at the top and 

end of the piles (where shear forces at the top of the piles 

equals 2 times the constant shear force values and at the end 

of the piles equals 1.5 times the constant shear forces 

values). Fig. 8(d) shows the shear forces in piles in y 

direction with hinged connection, where shear forces are 

nearly constant from top until depth -15 m, then increase 

until the end of the piles and the increase in shear forces 

from depth -15 m until -25 m equals to 4 times. The shear 

forces in the fixed case are generally decreased than the 

hinged case by nearly 4 times especially at end of the piles. 

 

 

Fig. 9 represents the bending moments in x any y 

directions in the piles with fixed and hinged platform 

connection at different distances of the platform, namely for 

the rows of piles with x = 0., 4.9, 9.9, 14.9, 20., 23.4 and 

24.9 m (see Fig. 2(a)). Fig. 9(a) shows the bending 

moments in x direction in the piles with fixed connection 

between the piles and the platform, where the maximum 

bending moments occur at the top of the piles, bending 

moments are nearly constant from the bed level depth (-11 

m) until depth -20 m, and the from depth -20 m the bending 

moments decrease sharply to zero. Fig. 9(b) shows the 

bending moments in x direction in the piles with hinged 

connection, where the moments are equal to zero at the top 

and end of the piles, the maximum bending moments occur 

at depth of about -15 m then decrease. The maximum 

bending moments in x direction in both connection cases 

are of similar values but the location of these maximum 

bending moments are different in each case, so the location 

of the main reinforcement in each case must be taken into 

concern. Fig. 9(c) shows the bending moments in y 

direction in the piles with fixed connection case, where the 

maximum bending moments occur at top of the piles, 

decrease until the bed level (-11 m) and then again decrease 

gradually from depth of -20 m until the end of the piles. Fig. 

9iv shows the bending moments in y direction in the piles 

with hinged connection, where the maximum bending 

moments occur at depth of -15 m and then decrease 

gradually until the end of the piles. The maximum bending  

  
(a) Shear force in x direction (fixed) (b) Shear force in x direction (hinged) 

  
(c) Shear force in y direction (fixed) (d) Shear force in y direction (hinged) 

Fig. 8 Shear forces in piles with fixed and hinged connection between the piles and the platform 
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moments in y direction in each connection case are of 

similar values but the location of these maximum bending 

moments are different in each case.  
Fig. 10 represents the axial forces in the piles with fixed 

and hinged platform connection cases at different distances 

of the platform, namely for the rows of piles with x = 0., 

4.9, 9.9, 14.9, 20., 23.4 and 24.9 m (see Fig. 2(a)). Fig.  

 

 

 

 

10(a) represents the axial forces in the piles with fixed 

connection, where the values of the axial forces in the piles 

are diverse at different distances of the platform with 

maximum value equal to 375 KN which occur at about 

depth of -15 m and then the axial forces are gradually 

decreasing until specific values at the end of the piles (range 

from about 200 to 240 KN). Fig. 10(b) represents the axial  

  
(a) Bending moment in x direction (fixed) (b) Bending moment in x direction (hinged) 

  
(c) Bending moment in y direction (fixed) (d) Bending moment in y direction (hinged) 

Fig. 9 Bending moments in piles with fixed and hinged connection between the piles and the platform 

  
(a) Fixed connection (b) Hinged connection 

Fig. 10 Axial forces in the piles with fixed and hinged connection between the piles and the platform 

-25

-20

-15

-10

-5

0

0 20 40 60 80 100 120 140 160

P
il

e
 d

e
p

th
 (

m
)

Moment Mx (KN.m) (Fixed connection) 

row 0 4.9 9.9 14.9 20 23.40 24.90

-25

-20

-15

-10

-5

0

0 20 40 60 80 100 120 140

P
il

e
 d

e
p

th
 (

m
)

Moment Mx (KN.m)  (Hinged connection) 

row 0 4.9 9.9 14.9 20 23.40 24.90

-25

-20

-15

-10

-5

0

0 50 100 150 200

P
il

e
 d

e
p

th
 (

m
)

Moment My (KN.m)  (Fixed connection)

row 0 4.9 9.9 14.9 20 23.40 24.90

-25

-20

-15

-10

-5

0

0 20 40 60 80 100 120 140 160

P
il

e
 d

e
p

th
 (

m
) 

Moment My (KN.m)  (Hinged connection)

row 0 4.9 9.9 14.9 20 23.40 24.90

-25

-20

-15

-10

-5

0

150 200 250 300 350 400

P
il

e
 d

e
p

th
 (

m
)

Axial force (KN)  (Fixed connection) 

row 0 4.9 9.9 14.9 20 23.40 24.90

-25

-20

-15

-10

-5

0

50 100 150 200 250 300 350

P
il

e
 d

e
p

th
 (

m
)

Axial force (KN)  (Hinged connection)

row 0 4.9 9.9 14.9 20 23.40 24.90

351



 

Ahmed Abdelraheem Farghaly and Denise-Penelope N. Kontoni 

 

 

 

 

 
(a) Stress in x direction,  maximum=88396.191 KN/m

2 
(fixed connection) 

 
(b) Stress in x direction,  maximum=15563.459 KN/m

2
 (hinged connection) 

 
(c) Stress in y direction, maximum=111083.41 KN/m

2
 (fixed connection) 

 
(d) Stress in y direction, maximum=25332.834 KN/m

2
 (hinged connection) 

Fig. 11 Stresses (KN/m
2
) in the platform with different piles platform connections conditions 
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forces in the piles with hinged connections, where the axial 

force values are diverse for piles at different distances of the 

platform and the maximum axial force (340 KN) in the piles 

occurs at depth of about -15 m and then axial forces 

gradually decrease until specific values at the end of the 

piles (range from about 140 to 220 KN). 

Fig. 11 depicts the stresses in the platform in x and y 

directions. Fig. 11(a) depicts the stress in x direction with 

fixed connection, where the maximum stress is equal to 

88396.191 KN/m
2
. Fig. 11(b) depicts the stress in x 

direction with hinged connection where the maximum stress 

is equal to 15563.459 KN/m
2
. 

Fig. 11(c) depicts the stress in y direction with fixed 

connection, where the maximum stress is equal to 

111083.41 KN/m
2
. Fig. 11(d) depicts the stress in y 

direction with hinged connection, where the maximum 

stress is equal to 25332.834 KN/m
2.

 

 

 

4. Conclusions 
 

A realistic 3D-FEM structural model was developed and 

a materially nonlinear earthquake response spectrum 

analysis was performed for an existing pile-supported 

riverine platform incorporating soil-pile interaction in order 

to study its structural response under earthquake and 

environmental loads. The environmental loads acting on 

this platform were wind, water waves, and water current 

loads. The pile response in terms of displacements, shear 

forces, bending moments, and normal forces were obtained 

assuming a fixed or hinged connection between the piles 

and the reinforced concrete platform. The interaction 

between the transfer plate and the piles supporting the 

platform was investigated. Transfer plate structures have the 

ability to redistribute the loads from the superstructure 

above to piles group below, to provide safe transits of loads 

to piles group and thus to the soil, without failure of soil or 

structural elements. The distribution of piles affects the 

distribution of stress on both soil and platform. The seismic 

soil-pile-structure interaction increases lateral displacement, 

which may shift the performance level of the structure from 

life safe to collapse level. 

A fixed connection between the piles and the platform is 

better in the design of the piles and the prospect of piles 

collapse is low while a hinged connection makes the 

prospect of damage high because of the larger 

displacements. The piles suffer from displacement failure 

than force failure. A fixed connection between the piles and 

the platform is the most demanding case in the design of the 

platform slab (transfer plate) because of the high stress 

values developed. 
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