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Abstract 

Berthing structures are generally constructed in the ports and harbours to facilitate the berthing and mooring operations of the 

vessels, loading and unloading of cargo. Due to the berthing of vessels as the dredge level required is more, the lateral 

movements of soil will also be more. Where the land side forms an approach to the berthing structure, the soil should be retained. 

Thus in order to achieve the lateral movements of soil and lateral loads caused by the land side earth pressure, the structure 

consisting of diaphragm wall is to be constructed. The study on the behavior of diaphragm wall is required with respect to the 

supporting piles of the structure. The analysis was carried out in STAAD-Pro software by idealizing the soil as classical Winkler 

foundation-beam on elastic springs. In this paper, the behavior of diaphragm wall and supporting piles consisting of four models 

are discussed. Model 1) T-Diaphragm wall at sea side and Six vertical piles. 2) T-Diaphragm wall at land side and Six vertical 

piles. 3) T-Diaphragm wall at sea side, Four vertical piles and One raker pile. 4) T-Diaphragm wall at land side, Four vertical 

piles and One raker pile. From the analysis point of view all the systems are within the permissible limit of deflection, except the 

Model 2. This is because of surcharge acting in addition to the lateral earth pressures resulting in more deflection. But in case of 

Model 4, the deflections are controlled to a large extent because of placing the raker pile. From all the systems evaluated, the 

systems with diaphragm wall located at sea side are favourable than diaphragm wall located at land side.  If the diaphragm wall 

is needed to be constructed at land side, the system with raker pile is more efficient, especially when the soil is weak.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Berthing structures are generally constructed in the ports and harbours to facilitate the berthing and mooring operations of the 

vessels for loading and unloading of cargo. Construction of piles and diaphragm wall supported berthing structure on marine 

soils results in development of larger displacements due to heavy lateral loads caused by earth pressure, surcharge pressure, 

differential water pressure, berthing force and mooring force, in addition to the dead and live loads. Among all these loads, the 

lateral load which is caused by earth pressure is enormous and the magnitude of this pressure may be related to many factors 

such as soil properties, dredge level which depend on the draft of the vessel and structural configuration. By changing the 

location of diaphragm wall, the magnitude of earth pressure may not be reduced but the surcharge pressure can be reduced or 

even may be avoided in some cases depending upon the width of the structure. Moreover, the lateral stability of the structure is 

also depends upon the location of the diaphragm wall. Hence, the study on the behavior of the berthing structure with diaphragm 

wall at different locations is necessary.  

In some cases the construction of diaphragm wall near to the water face is very much difficult. In such cases, the diaphragm 

wall should be constructed towards the land side which results in larger displacements, bending moment and shear force due to 

additional lateral loads caused by surcharge pressure and also the lateral stability of the structure reduces compared to the 

structure with diaphragm wall located at sea side. Thus, in order to resist the lateral loads, the structure with raker pile or anchor 

rod will be constructed. 

In this paper the behavior of structure is studied by locating the diaphragm wall at sea side and land side with and without 

placing the raker pile in the structural system. The analysis was carried out in STAAD-Pro software by idealizing the soil as 

classical Winkler foundation-beam on elastic springs, and the results obtained are compared with each other.  

II. LITERATURE REVIEW 

The study on the behavior of berthing structure with parameters like location of diaphragm wall and system with raker pile is 

very much limited. Yajnheswaran et al, 20151 have performed a series of analysis on the behavior of diaphragm wall with 

anchor rods and concluded that, the anchor rod supported structure is very much good in reducing the lateral deflections, bending 

moment and shear force. The study by Yajnheswaran et al, 20152 have demonstrated that bending moment, shear force and 

deflection is dependent on stiffness of the diaphragm wall. He said that there will be considerable reduction in bending moment 
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and slight increase in shear force and deflection with increase in flexibility, thus the thin sections will have considerable 

reduction in material and cost. Muthukkumaran and Sundaravadivelu 20073 performed research on the dredging effect on 

berthing structure and compared the results of finite element method with full-scale field test data. Premalatha et al, 20114 

modeled a berthing structure and analyzed for berthing and mooring forces in sloping and horizontal ground, with and without 

anchor tie-rod and studied the load distribution among the piles and compared the results. The results conclude that, in case of 

sloping ground rear piles take more lateral loads due to more contact of soil and in case of horizontal ground front piles take 

more loads. The provision of tie rod takes part of the lateral load coming over the structure and the load among the pile is 

redistributed effectively. A case study has been conducted by Sundaravadivelu et al, 20045 on the earthquake damaged structures 

of cargo berths No 1 to 5 at Kandla port which is situated in Gujarat at which the vertical piles are failed due to heavy lateral 

loads due to mudslide during earth quake.  
Table – 1 

Model identification 

S. No Description Model ID 

1 T-diaphragm wall at sea side and Six vertical piles. T-D SS 

2 T-diaphragm wall at land side and Six vertical piles. T-D LS 

3 T-diaphragm wall at sea side, Four vertical piles and One raker pile. T-D SSWR 

4 T-diaphragm wall at land side, Four vertical piles and One raker pile. T-D LSWR 

NOTATIONS 

 (T-D) – T-diaphragm wall 

 (VP) – Vertical pile, (RP) – Raker pile. 

 
Fig. 1: Model 1(T-D SS)                       Fig. 2: Model 2 (T-D LS) 

 
Fig. 3: Model 3 (T-D SSWR)                         Fig. 4: Model 4 (T-D LSWR) 
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III. MODELING OF BERTHING STRUCTURE 

The cross sections including dimensions of the structural systems considered are shown in FIG 1, FIG 2, FIG 3, FIG 4, FIG 5. 

The components of the structure includes diaphragm wall, deck slab, longitudinal and cross beam, pile cap and piles .The 

adopted stiffness of the diaphragm wall is same for all the systems considered. The dredge level considered is -16.5m depending 

upon size of the vessel (i.e. 80,Fig. DWT). When the diaphragm wall is placed at land side, the ground slope towards the 

diaphragm wall is assumed as 3H:1V. The soil layer profile which is considered for the study is shown in FIG (6). The piles and 

diaphragm walls are terminated to a depth of -29 m and the panel length considered for the analysis is 4 m. The loads on the 

berthing structure are considered as per IS-4651- 1974 part II & part III. Tidal levels required for the calculation of differential 

water pressure which are furnished by Visakhapatnam Port Trust are HHW=+2.8m, MHWL Spring = +2.06m, MHWL Neap = 

+1.50m, MSL = +0.8m, MLWL Spring = +0.10m, MLWL Neap = +0.50m, LLWL = -0.55m which are with respect to chart 

datum (0.8m) below MSL. 

The Passive resistance of the soil is considered to be offered by linear elastic springs, and the spring constants are calculated 

based on sub- grade modulus with the empirical equation given by Vesic (see Eqn’s 1, 2, 3 & 4).  

      
Fig. 5: Cross section of T-diaphragm wall (T-D) 

 
Fig. 6: Soil Characteristics 
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B = Diameter of section (m),  

L = Segment length (m) (spacing between springs), 

Ks = Sub grade modulus.  

The sub grade modulus (Ks) is calculated as per the following equation, which is given by the Vesic based on Winkler 

foundation system. 
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Es = Elastic modulus of soil in kN/m2, Ec= Elastic modulus of concrete in kN/m2, Ic= Moment of inertia of pile m4, B = Width 

of the section in m,µ = poisson ratio. The theoretical values of active earth pressure and passive earth pressure on the diaphragm 

wall and passive pressure on the piles are computed. The soil is assumed to provide lateral support to the diaphragm wall from -

17.00 m level towards down when it is placed at sea side. In case of the diaphragm wall at land side, the lateral support is 

assumed from -8.00 m. The lateral support to the piles is assumed below the active wedge in case of diaphragm wall at sea side 

and below ground slope when diaphragm wall placed at land side. Theoretical values of the soil springs for diaphragm wall and 

piles are computed using VESIC’s equation. While calculating the passive resistance of the soil a factor of safety of 2 is used. 

After performing analysis, the forces in the springs are compared to the limiting force values (i.e. passive resistance of soil with 

factor of saftey). Springs with forces exceeding the limiting force values are deleted and a constant force equal to the limiting 

force is applied in its place. This procedure is iterated until it is found that forces in all the springs are less than the limiting force 

values. The passive and active earth pressures are calculated based on Rankine’s earth pressure theory. 

IV. RESULTS 

The diaphragm wall bending moment (BM), Shear force (SF) and Deflection (DEF) of T-D LS system is increased by102%, 

381% and 452% respectively comparing with the T-D SS. This phenomenon is because of increase in lateral loads due to 

surcharge pressure and low passive resistance to the piles. In case of land side diaphragm wall system, the lateral load carrying 

capacity of the vertical piles is very much less compared to sea side diaphragm wall system, resulting in large amount of 

deflection. This is because of the piles having less contact with the soil compared to the piles in sea side diaphragm wall system. 

When the BM, SF and DEF of   T-D LSWR diaphragm wall is compared to T-D LS diaphragm wall, the amount of reduction is 

occurred by 17%, 63%, 73% respectively. This considerable reduction is occurred duly by placing the raker pile. The raker pile 

significantly increases the stability of the structure by taking heavy lateral loads. Similarly, the BM of diaphragm wall of 

structure with T-D SSWR is increased by 3.35%, SF is decreased by 18.18% and DEF is decreased by 38% respectively 

compared to T-D SS. The comparison of BM, SF, DEF of diaphragm wall are shown in FIG 7, FIG 8, FIG 9 respectively. 

  
Fig. 7: Variation of bending moment in the Diaphragm walls       Fig. 8: Variation of shear force in the Diaphragm wall 

Considering critical pile among the vertical piles the Bending moment (BM), Shear force (SF), Deflection(DEF) of vertical 

pile 5 is plotted in the graph at different levels of depth for all the cases. The Maximum BM, SF, DEF of vertical pile 5 of T-D 

LS is increased by 155%, 20%, 510% respectively comparing to T-D SS. When the Raker pile is provided in the structure (i.e. T-

D LSWR) the maximum BM, SF and DEF are reduced by 65.17%, 63.25% and 75.86% respectively comparing to T-D LS. In 

case of T-D SSWR the BM, SF, DEF are decreased by 50%, 49%, 58% respectively comparing to T-D SS. It shows that raker 

pile plays a significant role in controlling the behavior of the structure by reducing the burden to the diaphragm wall as well as 

vertical piles.  

 
Fig. 9: Variation of deflection in the Diaphragm wall. 
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Table – 2 

Maximum Bending moment, Shear force, Deflection in Diaphragm wall : 

MODEL MAX BM (kNm) MAX SF (kN) MAX DEF (kN) 

TDSS +14900 -2640 -21 

TDLS +30100 -12700 -116 

TDSSWR +15400 2160 -13 

TDLSWR +25100 -4710 -31 

The graphs are plotted for the behavior of vertical pile 5 of all the cases and shown in Fig. (10), Fig. (11), Fig.(12) and the 

maximum values are shown in table 3.   

Obviously, the behavior of raker pile is varied based on the location of diaphragm wall. The BM, SF and DEF of raker pile of 

T-D LWR increased by 74%, 5%, 300% respectively compared to raker pile of T-D SS. In case of location of diaphragm wall at 

land side the raker pile is having more BM, SF and DEF in addition to the axial load due to heavy lateral loads shared by it.  

  
Fig. 10: Variation of bending moment in the vertical pile 5      Fig. 11: Variation of shear force in the vertical pile 5 

  
Fig. 12: Variation of deflection in the vertical pile 5        Fig. 13: Variation of bending moment in the Raker pile 1 

The axial force in the T-diaphragm wall is having compression for all the cases except for the case of T-D LS. In case of T-D 

LS the diaphragm wall is under tension due to heavy lateral loads which are trying to overturn the structure. But, when the raker 

pile is introduced, (i.e. T-D LSWR) the instability against the over turning is controlled resulting the diaphragm wall is under 

compression (see Fig. (16) &Table 5). But in case of T-D LSWR the vertical piles which are placed in-between the raker pile and 

diaphragm wall are subjected to tension (see Fig. 18, Table 6).  This phenomenon is caused by buckling of the main beam in-

between the raker pile and diaphragm wall. The heavy lateral loads on the diaphragm wall try to push and overturn the structure 

towards the sea side, but the raker pile resists the movement by taking the lateral loads. Thus, in this phenomenon the main beam 

between the raker pile and diaphragm wall is subjected to heavy compression and buckled upwards by lifting the piles, resulting 

in tension of the piles. In order to overcome this phenomenon, either the dead load should be increased or the piles are to be 

anchored at the rock.     
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Fig. 14: Variation of shear force in the Raker pile 1      Fig. 15: Variation of deflection in the Raker pile 1 

Table - 3  

Maximum Bending moment, Shear force, Deflection of Vertical pile 5 : 

MODEL MAX BM (kNm) MAX SF (kN) MAX DEF (m) 

VP5 OF TDSS -2630 -480 -19 

VP5 OF TDLS -6720 -577 `-116 

VP5 OF TDSSWR -1303 -244 -8 

VP5 OF TDLSWR -2340 -212 -28 

Table – 4 

Maximum Bending moment, Shear force, Deflection of Raker pile 1: 

Model MAX BM (kNm) MAX SF (kN) MAX DEF (m) 

RP1 OF TDSSWR +1130 -278 -7 

RP1 OF TDLSWR +1970 -262 -28 

 

 
Fig. 16: Variation of axial load in the diaphragm wall 

Table – 5 

Maximum axial loads in diaphragm walls 

TDSS 7960 

TDLS -3520 

TDSSWR 7540 

TDLSWR 5330 
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Fig. 17: variation of axial load in raker pile           Fig. 18: variation of axial force in vertical pile 5 

Table - 6 

Maximum axial load in VP5 

VP5 OF TDSS 2520 

VP5 OF TDLS 4310 

VP5 OF TDSSWR 1570 

VP5 OF TDLSWR -1830 

Table - 7  

Maximum Axial load in Raker pile 1 

 RP1 of TDSSWR RP1 of TDLSWR 

Max Axial Load (kN) 5260 11300 

V. CONCLUSION 

As discussed in the results, the behavior of the diaphragm wall and piles can be considerably reduced by providing a raker pile in 

the system. Strictly speaking, the location of diaphragm wall at sea side is effective than diaphragm wall at land side. When the 

diaphragm wall is to be constructed at land side, the system with raker pile is necessary especially when the soil is weak. Even 

though the behavior is controlled to a large extent by providing raker pile in case of land side diaphragm wall, the vertical piles 

which are between the raker pile and diaphragm wall are under tension. In order to reduce the tension effect, either the piles are 

to be anchored at the rock or the dead load should be increased which results in increase in the cost. The advantage of the raker 

piled system is that, it can be optimized more by reducing the sections compared to system without raker pile resulting in 

economical design of the berthing structure. Hence from the results, it is found that system with diaphragm wall at sea side with 

raker pile is more efficient compared to all other systems considered. 
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