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Abstract: Container docks, which are an essential compo-
nent of the marine berth, are exposed to loads from
various sources, such as self-weight, operation, and envir-
onment. In this study, four sets of combined loads to which
the container berth is exposed were selected at the Um-
Qaser Port in southern Iraq. The berth was constructed
more than 40 years ago, which has to be verified according
to latest specifications, and each set of combined loads was
analyzed in three cases. In the first case, the piles were
assumed to be fixed at the seabed, and in the second and
third cases the piles were modeled as embedded in elastic
and elasto-plastic sandy soil, respectively. The general-pur-
pose finite-element software ABAQUS was used to model
the various components to determine the maximum stresses,
displacements, axial forces, shear forces, and bending
moments due to dead, live, operate, berthing, mooring,
waves, and seismic loads. It has been demonstrated that
the impact loads of ships have a more significant impact
on the structure compared to other loads. The calculated
displacement when the piles are assumed to be fixed at
the seabed level may be reduced by 50–94% of that calcu-
lated when the soil is modeled, meaning that assuming
fixed piles yields inaccurate results, especially for deck
displacements. However, this assumption was verified
to yield reasonable results for shear forces at the pile
head. It could also be noted that the elasto-plastic model
of soil was more sensitive than the elastic model in dis-
placement by 0.4–8% and bending moment by 0.3–34%,
while it is less sensitive in axial force by 3–8%. The aim of
this study is to obtain knowledge on the behavior and

efficiency of container berth under the influence of different
loads and the environmental conditions surrounding it.

Keywords: marine berth, berthing loads, mooring, ship
impact, wave forces

1 Introduction

To assist in the loading and unloading of goods as well as
the boarding and alighting of passengers and vehicles,
berthing structures are designed to anchor and berth ves-
sels. The targeted location’s soil characteristics, the amount
of traffic, and the surrounding environment are some of
the factors that affect the planning and building of berthing
structures. The majority of structures associated with ports
may be broadly categorized into piles, bulkheads, pile caps,
decks, fenders, and mooring fittings. Numerous studies have
addressed the issue of offshore structures and ship colli-
sions. Edvardsen et al. researched offshore constructions’
ability to withstand impact stress from falling debris and
boats in 1983 [1]. In 1983, Amdahl studied the deformation
of circular tubes due to lateral impact. Using a hard plate,
the lateral force was delivered parallel to the tube’s axis [2].
In 1988, Wierzbicki and Suh looked at the deformation of
circular tubes in response to lateral impacts. A line impact
was used to apply the force to a single tube portion [3]. In
2000, Al-Jasim looked into the berthing load from an oil
tanker with 330,000 DWT at 60% cargo at Khor-Al-Amaya
port number 8 [4]. In 2003, Hussein investigated the three-
dimensional offshore structure’s dynamic response to wave
loading and ship collision [5]. In 2006, Al-Shinawah studied
the dynamic response of a container dock to three loading
cases (water waves, ship influence, and a combination of the
two). It is concluded that the case of ship impact is the worst,
considering the bending moment, force, and deflection of
piles, while the combination case is the worst for the deck
displacements [6]. In 2012, Kadim investigated the dolphin’s
dynamic reaction to the effect of the ship berthing at Khor-
Al-Amaya berth No. 8. The influence of fluid–structure
interaction on the dynamic response was investigated
by accounting for the forces of wind and waves [7]. In
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2014, Travanca and Hao examined how an offshore plat-
form behaves dynamically when a vessel impacts it with a
lot of energy. This research featured a process to enhance
comparable systems [8]. In 2016, Hasan examined the dol-
phin structure of Um-Qaser. Additionally, he looked at
how the soil properties and pile size affected the way
the structure behaved under stress when the soil was
thought to be elasto-plastic. The Cam-Clay soil model
was used to study the Um-Qaser container terminal under
the influence of ship loading. It was discovered that the
elasto-plastic model’s displacements are 10% higher than
those of the elastic model [9]. Xie et al. investigated the
lateral load behavior of high-piled wharf by the finite-
element software – ANSYS. The numerical simulation
results of pile top displacement are found to be in good
agreement with those predicted using the theoretical for-
mula [10]. Ali et al. assessed the behavior of the cylind-
rical rubber fender in response to the berthing force
delivered by a moored ship with a capacity equal to
330,000 DWT [11]. Daliri and Naimi looked at ways to
extend the serviceability life of the offshore jacket struc-
ture and simplify the building process. The ANSYS soft-
ware was used in this work. Extreme wave loading and
vessel impact load included the transient dynamic load
delivered to the offshore jacket [12]. Lei et al. studied the
seismic fragility of a large-scale PSWS located at the Port
of Los Angeles Berth 100, USA, with and without consid-
ering SPI (soil–pile interaction), who showed that SPI sig-
nificantly influences the seismic fragility of the PSWS. For
distinct damage states, the effect of SPI on the seismic
fragilities of different piles can be totally different [13].
In 2019, Ahemer studied the dynamic response of the Al-
Basrah Oil Port under the effect of wave, ship impact, and
seismic loads by the ABAQUS program. He reported that
the response of structure under seismic load with a fixed
support is less than that of structure with an embedded
pile as the support [14]. De Carvalho et al. conducted an
investigation on the forces developed on the mooring
system of vessels berthed at dolphins. The vessel’s displa-
cement and their peak value were determined through
stochastic and statistical theories [15]. Al-Abbas et al.
investigated the performance of steel-tube columns filled
with reactive powder concrete under axial compression
with different cross sections [16]. In 2023, Cuong and The
Anh presented an algorithm and developed a formula to
evaluate the dynamic effect of wave loading on fixed-steel
offshore structures [17]. Gjukaj et al. used the ABAQUS FE
software to construct a three-dimensional finite-element
model with the main objective of exploring how different
geometric parameters impact the behavior of the extended

end-plate bolted connection, which functions as a semi-rigid
partial-strength beam-to-column connection [18]. Wang
et al. studied seismic response models of two types of
high-piled wharves, namely, the as-built group and the
retrofit group. The study included analysis and interpre-
tation of deck displacement, pile deformation, and pile
bending moment under the EI-centro wave and the North-
ridge wave, with peak accelerations of 0.2 and 0.4 g,
respectively [19].

This study examined the reaction of the wharf struc-
ture to combined loads by numerical simulation using the
ABAQUS software; the container berth at Um-Qasr Port
was used for this purpose.

2 Research methodology

The ABAQUS finite-element program was used to simulate
the problem. The details of the analysis model of Um-Qaser
container berth are shown in Figure 1. To do the modeling,
one unit of pavement was chosen with dimensions 46 m ×

25 m × 0.7 m containing 40 piles arranged in eight columns
with a distance of 6 m and five lines in a row with a dis-
tance of 5.5 m. The concrete deck slab, steel-beam section,
and soil were modeled using eight-node brick elements, so
that each node has three degrees of freedom representing
the translation motion in three global coordinates. The
piles (steel pipes) were modeled using a three-dimensional
four-node shell (S4R) structure. Figure 2 shows the three-
dimensional modeling of the structure with soil dimensions.

Appropriate establishment of the soil mass dimensions
is necessary to minimize the impact of borders on the out-
comes. Boundary condition: it includes all soil domains
that are regarded as fixed, with the exception of the top,
which is regarded as free. The length of the piles to the soil
boundary’s borders is equal to 10D (pile diameter), whereas
the distance from the ends of the piles to the bottom of the
soil boundary equals to 10D.

Using the Mohr–Coulomb model, nonlinear behavior
is modeled. One way to express the Coulomb criteria of
failure is the following expression, which was adapted
from Naylor and Pande [20–22]:

≤ +τ σn ϕ ctan ,∣ ∣ (1)

where τ is the shear stress, σn is the normal effective stress,
c is the cohesion, and ϕ is the internal angle of shearing
friction.

Full bond is used to represent the link between soil
and piles. The value of the damping ratio used in the ana-
lysis of the present study is equal to 0.05.
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The berth structure is subjected to four load combinations:
Case (1): [dead load + current load + (0.6) wave load]
Case (2): [dead load + current load + berthing load]
Case (3): [dead load + live load + current load +

mooring load]
Case (4): [(1 + k′)(dead load) + (0.1) live load + (0.7)

earthquake load],
where k′ = 0.35 (peak ground acceleration) [23].
Dead loads include the self-weight of a structure cal-

culated by the program and the roof load (compacted sand
and asphalt paving). The live load resulted from shedding
container load, traffic, and crane load [24]. The ship is
generally berthing parallel to the current. On piles parallel

to the direction of the water current, the intensity of pres-
sure shall be calculated from the following equation:

= × ×F C A γV g/2 ,C c c
2 (2)

where FC is the current force, γ is the unit weight of water
(1.025 t/m3), V is the velocity of current (0.3 m/s), Cc is 0.22
for the circular pile, and Ac is the area of the ship’s under-
water part projected onto a plane perpendicular to the
direction of current (m2).

Morison’s equation was used to calculate the wave.
Originally designed to calculate the hydrodynamic forces
operating at a right angle to the steady flow on a cylinder,
this equation is expressed as follows:

⎟⎜= ⎛
⎝

+ ⎞
⎠

F ρπ

D

C a ρC u u zd
4

d .T

2

m d ∣ ∣ (3)

Here, ρ is the water density, D is the cylinder diameter,
and Cm and Cd are, respectively, the inertia and drag coef-
ficients, assuming that the wave force is acting on the ver-
tical distance (dz) of the cylinder due to the velocity (u) and
acceleration (a) of water particles [25]. The Airy theory was
used to calculate the wave speed. Table 1 includes the
details of properties of seawater collected from the infor-
mation related to the Arabian Gulf for the past 100 years
showing the maximum wave load [26].

Based on the vessel’s dead weight tonnage (50,000), the
reaction force on the fender, which corresponds to the
above tonnage, is approximately 200 t [24]. Mooring point

Figure 2: 3D modeling of the Um-Qaser container terminal with Abaqus.

Figure 1: Flowchart illustrating the research.
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loads general cargo vessels and bulk carriers, the value of
which was based on the table from Maritime works, Code
of practice for design of fendering andmooring systems [27].
The earthquake at Ali Al-Gharbi, Maysan, Iraq, shown in
Figure 3 is used to simulate the seismic load and accelera-
tion time. The time history method is used in the ABAQUS
program for berth port analysis.

Figures 4–7 show the applied loads on the berth struc-
ture for the four cases of combination loads. Table 2
includes all structural parts along with their dimensions,
and Table 3 includes all material properties used in the
current study.

3 Results and discussion

The behavior of contact junctions between the enclosing
soil and the structural element has a considerable impact
on the response of structure–foundation systems to static
or dynamic loads. These junctions represent the interface
between the response of the soil – structure which trans-
mits the load and the deformations. Tables 4–7 contain the
highest values of the analysis results for the Umm Qasr
container berth under the influence of four cases of

combined loads and three types of pile stabilization.
The values of these results indicate that the fixed state
of the pile tip at the seabed is less responsive than the
state supported by soil. Also, the second load case (berthing
of the ship) has more impact on the structure than the other
load cases.

Table 1: Sea water characteristics [28]

Item Symbol Value Unit

Water depth d 9 M
Water density γ 1,025 kg/m³
Water viscosity V 1.2 × 10−6 m²/s
Gravity acceleration g 9.81 m²/s
Wave height h 2 M
Wavelength L 7.5 M
Wave period T 4 s

Figure 3: Ali Al-Gharbi earthquake.

Figure 4: Case (1) load combinations.

Figure 5: Case (2) load combinations.
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Figure 8 shows the state of maximum displacement of
the berth deck for the first loading case; deformation is
noted if the pile is embedded in sand soil to a depth of
18 m, and the structure is more response; we can also
notice that there is a similarity in the deformation of the
berth deck in the cases of elastic and elasto-plastic soil,
while the calculated displacement when the piles are
assumed to be fixed at the sea bed level may be reduced
by about 94% of those calculated when the soil is modeled.
At the beginning of the loading, the displacement increases
upward and then takes a horizontal path due to vertical
loads and lateral loads. Figure 9 shows the state of total
deformation of the berth deck for the second loading case,

Figure 6: Case (3) load combinations.

Figure 7: Case (4) load combinations.

Table 2: Details of the berth structure

Element Diameter (m) Length (m) Width (m) Thickness (m)

Pile 0.914 32 — 0.014
Deck — 46 25 0.7
Soil — 66 45 30

Table 3: Details of the material

Material Elastic
modulus
(MPa)

Poisson’s
ratio

Cohesion
(kPa)

Density
(kg/m3)

Steel 200,000 0.3 — 7,800
Concrete 25,000 0.2 — 2,400
Soil 57 0.35 5 2,000

Table 4: Maximum result of whole structure under combination load
case (1) (ASD)

Case Item Pile embedded in soil Fixed
base

Elastic
soil

Elasto-
plastic soil

(1) Maximum stress (MPa) 79.3 76.83 46.86
Maximum
displacement (mm)

72.4 72.89 4.6

Maximum axial
force (kN)

3,179 3,082 1,873

Maximum shear
force (kN)

54.9 58 35

Maximum bending
moment (kNm)

157.6 167 107

Table 5: Maximum result of whole structure under combination load
case (2) (ASD)

Case Item Pile embedded in soil Fixed
base

Elastic
soil

Elasto-
plastic soil

(2) Maximum stress (MPa) 169.5 216.4 105
Maximum
displacement (mm)

141.7 150.8 75.7

Maximum axial
force (kN)

3,262 3,084 1,931

Maximum shear
force (kN)

1,527 1,558 1,552

Maximum bending
moment (kNm)

1,655 1,668 1,532
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which is the dead load, the current load, and the berthing
load. This state of loading caused a greater deformation
than the first loading state, as we see from the curve that
the deformation increases at the stage of applying the
ship’s berthing load. We also notice that the fixed state of
the tip of the pile has less deformation about 50% than the
state embedded in the soil. The response of the structure to
deformation in soil with elasto-plastic behavior is greater
than the response to deformation in soil with elastic beha-
vior by an amount of 6%. Hasan [9] discovered that the
elasto-plastic model’s displacements are 10% higher than
those of the elastic model. Figure 10 shows the state of total
deformation of the berth deck for the third loading case,
which is the dead load, the current load, and the mooring
load. This state of loading results in less deformation of the
structure than in the previous loading state. We notice that
the displacement is identical to the loading time for both
soil conditions, while the fixed state (without soil) is less

responsive by 73%. Figure 11 shows the deformation resulting
from the fourth loading case. Increase the response of the
structure under seismic load for the situation of soil support
due to the displacement in the upper part of the soil.

The response of the structure to deformation in soil with
elasto-plastic behavior is greater than the response to defor-
mation in soil with elastic behavior by 8%. The response of
the pavement surface to deformation is less than 60% when
the tip of the pile is stationary at the soil surface.

Because of the displacement in the top soil, the struc-
ture responds more and more to the soil support condition,
which causes piles to be fixed at a distance from the sea
level. When the pile length increases to the fixation posi-
tion, the pile’s flexibility increases. According to the direc-
tion of the seismic force, the separation of the soil from the
pile has more of an impact on that side of the pile than the

Table 7: Maximum result of whole structure under combination load
case (4) (ASD)

Case Item Pile embedded in soil Fixed
base

Elastic
soil

Elasto-
plastic soil

(4) Maximum stress (MPa) 100.6 95 56.43
Maximum
displacement (mm)

87.6 94.5 38.6

Maximum axial
force (kN)

3,992 3,739 2,264

Maximum shear
force (kN)

366 348 88

Maximum bending
moment (kNm)

601 807 489
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Figure 8: Deck displacement under load case (1).
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Figure 9: Deck displacement under load case (2).

Table 6: Maximum result of whole structure under combination load
case (3) (ASD)

Case Item Pile embedded in soil Fixed
base

Elastic
soil

Elasto-
plastic soil

(3) Maximum stress (MPa) 111 105 92.03
Maximum
displacement (mm)

93.3 93.6 25.9

Maximum axial
force (kN)

4,165 4,021 3,684

Maximum shear
force (kN)

355 420 476.4

Maximum bending
moment (kNm)

728.5 731 566
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other since it applies more force to the structure. When
this ratio approaches one unit, it has a greater impact on
the structure’s response than when it is closer to the nat-
ural frequency of the structure [29,30].

Per this rule, there is a chance that the natural fre-
quency of a structure that takes soil into consideration
will be closest to the frequency of the applied load, whereas
the natural frequency of a structure that has a fixed support
may be greater than the frequency of the applied load. The
response of a structure supported by soil is more influenced
by all these factors than that of a structure with a fixed
support.

Figures 12–15 show the distribution of lateral displace-
ment along with a pile embedded in sandy soil at two states
elastic and elasto-plastic, and the other state when the pile
is fixed at the sea bed for four combination loading cases.

As can be seen from the figure, the first loading case causes
less deformation along the pile’s length than the other
loading cases. The pile’s maximum displacement is 1.5 mm
at the zero point, or the water’s surface level, and it then
gradually decreases until the pile’s head, where this defor-
mation is caused by the wave load and the current load
applied to the pile. In the first loading case, the deformation
starts at the tip of the pile, which then increases in the
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Figure 10: Deck displacement under load case (3).
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Figure 11: Deck displacement under load case (4).
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Figure 12: Pile displacement under load case (1).
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Figure 13: Pile displacement under load case (2).
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middle part embedded in the soil, then returns and decreases
until the surface of the soil becomes zero, then increases in
the opposite direction, reaching the highest deformation at
the surface of the water, after which it gradually decreases
until the head of the pile. This form of deformation in the pile
is due to the load applied to it from the wave and current
together, it starts from the surface of the soil up to the height

of the wave above the surface of the water. From the dia-
grams, we can notice that the highest deformation of the pile
occurred in the second loading case, where the highest value
was reached at the head of the pile 40.7mm for both cases of
embedding in the soil, while the fixed case of the base of the
pile had the least deformation of them of 24.7mm. The defor-
mation of the pile fixed at the seabed is 65% less than that of
the pile immersed in the soil in the second case of loading.
Then coming to the third loading case, the highest deforma-
tion value was reached at 20mm for the pile embedded in
elasto-plastic soil, while in the case of elastic soil and the fixed
case the deformation for pile head was 10 and 4mm, respec-
tively. In the fourth loading case, the highest lateral displace-
ment of the pile head reached is 16.7mm. From the figures of
deformation of the pile, it becomes clear to us that the type
and location of the load application have a significant impact
on the shape of the deformation along the length of the pile. It
can be noted that the deformation in the second and third
loading cases, where the load is applied to the surface, we see
that the deformation in the pile starts from the surface of the
soil and increases toward the head of the pile. As for the part
embedded in the soil, the deformation is low. As for the
deformation in the pile for the fourth loading case, we notice
that it starts from the tip of the pile and increases toward the
middle of the part embedded in the soil, then gradually
decreases at the surface of the soil, then increases in the
opposite direction until the head of the pile. The deformation
of the embedded part of the pile is a result of the vibration
movement of the soil due to the earthquake load applied
to it.

Figures 16–19 show the maximum shear forces caused
by applying four cases of combined loads. Each case of
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Figure 15: Pile displacement under load case (4).
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loading is applied to the three cases of pile fixation. The
maximum shear at the first loading case is 58 kN, which
occurred for the case of piles embedded in elasto-plastic
soil. The shear force is found to decrease by about 5% for
elasto-plastic soil modeling compared to the elastic one and
decreased by about 40% for the fixed base model. The
largest shear force for the second loading case is 1,558
kN, which occurred at the pile head when the piles are
embedded in elasto-plastic soil. This value decreased by
about 0.38% at the pile fixed base and about 2% for piles
embedded in elastic soil. For the third loading case, the
largest value of the shear force of 476.4 kN occurred
when the case of fixed piles on the seabed, and this value

is greater than about 13% from the case of the pile
embedded in elasto-plastic soil and greater than by 34%
from the case of the elastic soil. In the fourth case of
loading, the highest response occurred in the case of
pile embedded in elastic soil, where its value reached
366 kN, which is greater than the case of the pile embedded
in elasto-plastic soil by about 5% and greater than that from
the fixed state by four times.

The bending moment along the pile length is shown in
Figures 20–23. The maximum bending moment for all cases
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Figure 19: Shear force at the pile head under load case (4).
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Figure 17: Shear force at the pile head under load case (2).
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Figure 18: Shear force at the pile head under load case (3).
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occurred at the pile head. The structure is more sensitive to
the bending moment for the elasto-plastic soil model. The
largest value of bending moment occurred in the third case
of loading. The bending of the pile begins to increase at a
distance of one-third of depth from the soil surface and
continues to increase until it reaches a third of its depth
in the water, after which it decreases to reach zero at the
first third of the water depth and then increases and
reaches its highest value at the head of the pile.

For the first load case, the bending moment is 167 kNm
in elasto-plastic soil; this value decreases by 6% in the
elastic model and by 56% in the case of the fixed pile
model. For the second load case, the maximum bending
moment is 1,668 kN m in the elasto-plastic model, and
this value decreases by 0.8% in the elastic model and
by 9% in the fixed base model. Figure 22 shows the max-
imum bending moment for the third loading case, which
is 731 kN m at the pile head in the elasto-plastic model.
We also notice that the bending moment values are iden-
tical across the length of the pile for the two cases of
elastic soil and elasto-plastic soil, while the fixed case
is less by 29% at the pile head. Figure 23 shows the
bending moment of the pile under the influence of the
fourth loading condition, where the maximum bending
moment of 807 kN m was reached when the pile was
embedded in elasto-plastic soil, and this value decreased
in the elastic soil case and the fixed case by 34 and 65%,
respectively.

4 Conclusions

The study dealt with the analysis of the container berth in
the Um-Qaser Port under the effect of operation and envir-
onmental loads. The structure was analyzed for three
states for each loading condition – piles embedded in
elastic soil, piles embedded in elasto-plastic soil, and piles
fixed at the seabed level.
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Figure 22: Bending moment under load case (3).
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Figure 23: Bending moment under load case (4).
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Figure 21: Bending moment under load case (2).
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The following conclusions can be drawn from the pre-
sent work:
1. Considering the various load combination cases of struc-

tures is very important to identifying the loading state
that mostly affects the behavior of the structure. In the
present work, the second loading (berthing of ship) state
is found to be most critical for the structures.

2. The elasto-plastic model of soil is more sensitive than
the elastic model by 0.4–8% in the case of displacement
and by 0.3–34% for bending moment, while it is less
sensitive by 3–8% in the case of axial force.

3. It was found that assuming fixed ends of piles at the sea
bed level may reduce the maximum displacement by
about 94, 50, 73, and 60% for the wave, berthing, mooring,
and seismic loading cases, respectively.

4. Deck displacement is a reflection of the deck’s structural
behavior under different loading conditions.

5. When designing a pile immersed in the soil, displace-
ment, shear force, and bending moment should all be
taken into account as they represent the actual behavior
of the pile under different conditions of loading.
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