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Abstract— Bhavnagar port is located about 10 km away 

from the city. It is located on the creek, about on creek about 

3 km inside the sea. To say in brief, a basin of about 100000 

sqmt is dug out and a channel is connecting the basin and 

sea. The tide difference at Bhavnagar port is maximum i.e 

about 10 m. The structure was designed in pre independence 

era and was completed in sixties’. The core bore data were 

collected in 1930. The water from the sea side enters in the 

basin by creek connecting it. During the high tide, water is 

basin is filled with sea water. As there is wide difference in 

the tide water returns back into the sea, also the water 

coming from sea side brings with it silt which deposited in 

the basin. To avoid the problem of siltation and to maintain 

the water levelinside the basin water flowing back into the 

sea was required to be held. To make this possible a 

lockgate was proposed on the creek so that by closing the 

gate water can be held inside the basin for the required time. 

To stop the siltation and seepage a flaking dam and sheet 

pile was inserted inside below the sill beam of the lock gate 

respectively. ( Fig I ) 

Key words: Due To Tide Difference, The core bore data 

were collected in 1930           

I. INTRODUCTION 

As this structure may be considered quiet old all data related 

to the construction are not available easily. From the record 

available and the data of repair works carried one can say 

that a single sheet pile has been inserted into the bed of the 

channel.  

At present when water is locked inside the basin 

and there is low tide, due to head difference water from the 

basin side flows away into the sea sideby seepage below the 

sill beam and piping action can be observed. As a result 

water cannot be stored inside the basin and the purpose 

cannot be served.  

This paper is about the analysis of seepage and 

solution of piping effect. 

 
Fig. 1: (From Google Image) 

II. DEFINING PROBLEM 

1) When the lock gate is closed and water is trapped 

inside the basin and there is appreciable water level 

difference on either side of the gate (due to tide 

difference). A static pressure is developed on the 

dock side during low tide. The gate behaves as a 

solid dam structure or weir resting on pervious 

floor. 

2) Due to pressure difference it is observed that water 

passes below the sill beam i.e seepage occurs 

heavily. We can see the pressure at which water 

comes out on sea side. 

3) Because of this defect water cannot be stored in the 

basin causing loss in the water level required for 

the loading and unloading purpose from the 

floating vessel. 

4) The problem is clearly of seepage pressure below 

the apron level and uplift pressure which has to be 

stopped to resume its efficiency. 

When the Lockgate is closed, as said there is pressure 

difference due to tide and ebb effect. A pressure is exerted 

on the gate from dock side on the gate. This pressure is 

exerted on the pervious foundation. As bed is pervious water 

from the higher side shall be prone to move from dock side 

to sea side. From the data made available by the divers a 

single steel sheet is running across the channel. The sheet is 

torn off from many placesdue to pressure and saline water. 

The size of the apron is 27.970 m (east west) and 24.47 m 

(north south).The cause of leakage is presumably due less 

number of piles provided and insufficient depth of center 

pile. 

 The problem is of seepage of water from the dock 

side to sea side and during low tide and gate closed one can 

clearly see the piping effect. This heavy leakage causes 

down fall in level in the basin area (which affects loading 

and unloading of cargo from vessel) and frequent operation 

of the gate. This causes heavy siltation in the basin 

increasing the dredging cost. 

III. OBJECTIVES 

This is an all-weather port mainly importing coal and lime 

stone. 

 The main purpose of the paper is to study the 

seepage effect and redesigning the floor with sufficient 

number of piles and of sufficient depth to minimize seepage 

and piping process. 

IV. METHODOLOGY 

The theories available are (i) Bligh’s creep theory (ii) Lane’s 

weighted theory (iii) Khosla’s method. 

We shall use Khosla’s theory for solving the problem. 
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The size of the apron (impervious floor) is 27.970 

m (east west) and 24.47 m (north south). The seepage head 

can be taken as 10m. 

The method states that (i) the outer face of end 

sheet piles were much more effective than the inner ones 

and the horizontal length of the floor. (ii) The intermediate 

piles of smaller length were ineffective except for local 

redistribution of the pressure. (iii) Undermining of the floor 

starts from the tail end. The hydraulic gradient at the exit 

was more than critical gradient for the particular soil, the 

soil particle would move with the flow of water thus causing 

progressive degradation of the sub soil, resulting in cavities 

and ultimate failure. 

 It is absolutely necessary to have a deep cut-off pile 

at the downstream end to prevent undermining             

(which is missing in our case). Khosla and his associates 

took into consideration, the flow pattern below the 

impervious floor to calculate uplift pressure and exit 

gradient.    

 This case is similar to our case, Lock gate can be 

considered as a weir and problem can be solved as above. 

The problem can be solved by khosla’s independent variable 

method. 

V. RESULTS 

As stated earlier the structure was built in between 1930 and 

1950. By the divers and the available literature it is found 

that only one pile is inserted below the lockgate. As this 

structure was built long back and examining the existing 

structure we don’t find pile location according to khosla’s 

observation. We have used Khosla’s theory for solving the 

problem of seepage. The soil underneath the channel bed is 

clayey type and considering the safe exit gradient as 1/6 

calculation was done for trial purpose, one at the upstream 

side and one at the end i.e on the downstream side. The 

result were that we required about 16m pile to inserted at 

both the ends which is not practical.    

For more accuracy and field test we went on the 

site and collected the soil sample, put it under observation 

and found that the soil is like clayey silt. The safe exit 

gradient considered is1/4. This matter was discussed with 

Civil Engineering faculties, and suggested a third pile on the 

downstream three meters away from the downstream pile 

(as per above solution i.ealternate one ) with a slab in the 

continuation of the existing one. With this the calculation 

were done and we could arrive at the amicable solution of 

8m pile on upstream and one pile on the downstream with 

9m depth. This solution is acceptable one and can be 

recommended. We have not considered the existing center 

pile as it is damaged badly by due course of time. 

 
Fig. 2: 

Also in a paper presented by SaldrKhassaf, 

Aqeelsh-Adid and Rafid S Rasidtitled , “ seepage analysis 

underneath Diyal Weir foundation shows that they used 

GEO- SLOPE, SEEP/W, finite element to solve the 

problem. The study reveals the solution for the seepage 

below the weir structure. We can also use this software and 

get the required solution. 

VI. CONCLUSIONS 

By studying the case we can come to following conclusion 

1) All hydraulic structure constructed before khosala’s 

theory should be re investigated 

2) Proper restructuring of the structure should be done 

to enhance its utility 

3) Always insert a downstream pile for safe exit 

gradient. 

4) Solution can be cross checked by using appropriate 

software 

5) Further studies can be carried out using filters at 

the downstream   
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