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1.0 Introduction  

 

Pandu Port is a riverine port in the Indian state of Assam, serving North Eastern states of 

Assam and Guwahati in particular. This port has been developed on the bank of 

the Brahmaputra River. The port is strategically important and one of the largest river port in 

the north eastern state of the country wherein, in order to accommodate ship anchorage, a 

naval terminal or permanent jetty is existing. In addition, many passenger ships are anchored 

with the tourists at this port. Considering the huge demand for repair of the vessels plying in 

this route and also the additional cost and time consuming before reaching the other ship repair 

yards nearby, the state government has embarked an ambitious plan to develop the port with 

emphasis on development of ship repair facilities and also allocated funds for the 

modernization of the port under the National Waterways development projects. The Port is 

also included in the 'Port of call' agreement between India and Bangladesh. 

The ship repair facility is proposed on the eastern side of existing jetty at Pandu Port at a 

distance of about 350m. The latitude and longitude of the ship repair facility is 26°10'15.01"N 

and 91°40'59.87"E. The aerial view of Pandu port and the location of ship repair is shown in 

Fig. 1.1 and Fig. 1.2 , respectively. 

 

 

Fig. 1.1: Pandu port – Aerial view 

  

https://en.wikipedia.org/wiki/River-port
https://en.wikipedia.org/wiki/Assam
https://en.wikipedia.org/wiki/Brahmaputra_River


 

Client Cochin Shipyard Limited Date 26/03/2022         

 

Project 
Design Project Report for Ship Repair 
Facility to handle Inland waterways 
Vessels at Pandu, Guwahati 

Consultant 
 IITM/ 
NTCPWC 

 

6 

 

 

Fig. 1.2: Location of ship repair facility  
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2.0 Scope and Objective of the Project 

a) Visit the proposed site and collect the data available with IWAI/HCSL and other 

authorities, required for the design of Ship repair facility.  

b) Identification of additional investigation / collection of data, if any required. 

c) HCSL will directly carry out Soil Investigation and Topographical Survey. Consultant 

has to do supervision of this Soil Investigation and Topographical Survey. Consultant has to 

also immediately submit to HCSL the detailed scope of soil investigation/topographical survey 

with layout of boreholes along with detailed specification for soil investigation and 

Topographical Survey.  

d) Carry out Structural stability study of the existing foundations I structures, buildings, 

etc. which are intended for further use, as per the tentative master plan. Submit 

recommendations for refurbishment/ restoration of above facilities, if the present structural 

condition of these are not complying with currently acceptable standards. 

e) Preparation of an Inception Report. 

f) Review existing layout plan of the ship repair facility.  

g) Preparation of final layout Plan/ land use plan. 

h) Preparation of Basis of design. 

      i) Preparation of Detailed Project Report. 

      j) Taking approvals for statutory authorities for the project. Design & Detailed Engineering. 

     k) Preparation of EIA report and providing Consultancy for obtaining. 

     l) Environmental Clearance from appropriate authorities. 

     m) Preparation of Detailed cost estimate.  

     n) Preparation of tender drawings (for each packages like civil, electrical & mechanical). 

     o) Preparation of Tender documents along with Pre-qualification of contractors. (For each 

packages like civil, electrical & mechanical). 

     p) Evaluation of Technical and Financial Bids. (For each packages like civil, electrical & 

mechanical).  

     q) Preparation of Work Order / Purchase Order and all necessary agreements with the 

Contractors. (For each packages like civil, electrical& mechanical). 

     r) Preparation and issuance of Good for Construction drawings. 

     s) Site Project Management and Supervision during construction & commissioning. 



 

Client Cochin Shipyard Limited Date 26/03/2022         

 

Project 
Design Project Report for Ship Repair 
Facility to handle Inland waterways 
Vessels at Pandu, Guwahati 

Consultant 
 IITM/ 
NTCPWC 

 

8 

 

    t) Review, Comment and Approval of drawings and design calculations, if any submitted by 

the contractors.  

    u) Render professional advice as and when required.  

    v) Prepare and submit as- built drawings at the end of construction. 

   w) Inspection during Defect Liability Period of Contractor. 

    x) Assist HCSL on Audit queries. 

    y) Responsibility on technical details, overall performance of the system and timely 

completion of project. 

The present report covers the design project report, cost estimation and drawings for 

ship repair facility to handle the inland water ways vessels.  
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3.0 Revisions and standards  

3.1 Revision History   

Drawings: 

S. No. Report No Description  Revision  Issued On Remarks  

1 IITM-PU-SR-001 Issued  A     

            

            

            

            

            

            

            

            

            

 

 

Report: 

S. No Report No Description  Revision  Issued On Remarks  

1 IITM-PU-RPT-001 Issued A     
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3.2 Changes to this Revision 

The structural cross-section of the ship repair facility is presented in Fig. 1.3. 

 

 
 

Fig. 1.3: Cross-section of ship repair facility 
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3.3 Codes and Standards 

The codes and standards for the design of the ship repair facility structure are given 

below. 

 

Code Description 

IS: 875 Part 3 
Code of Practice for Design Loads for Building and Structures 

Wind Load 

IS: 456 Code of Practice for Plain and reinforced Concrete 

IS: 1893 Part 1 Criteria for Earthquake-resistant Design of structures 

IRC 6 – 2014 
Standard specifications and code of practice for roads, bridges, 

section II Loads and stresses. 

IS: 4651 Part 1 Site Investigation. 

IS: 4651 Part 2 Earth Pressure. 

IS: 4651 Part 3 Loadings 

IS: 4651 Part 4 Design Considerations 

IS: 4651 Part 5 Layout and Functional requirements 

IS 2911-2010 
Design and construction of Pile Foundations – Concrete Piles. 

Part 1 / Sec 2 

SP16 Design aids to IS: 456 

SP34 Handbook on Concrete Reinforcement and Detailing 

IS 800 General Construction in Steel  

 

Note: Unless noted otherwise, the latest edition of the above codes & standards shall be used. 

 

3.4 Reference 

[1] Foundation Analysis and Design by Joseph E. Bowels- 5th edition McGraw Hill book.  

[2] Safe Berthing and Mooring – Trelleborg Marine Systems.  

[3] Limit State design of reinforced concrete by P.C. Varghese.  
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4.0 Outline of the Report 

The report has been organized as per the following sequence. 

Section 1: Introduction. 

Section 2: Scope and Objective of the Project. 

Section 3: Revisions and Standards. 

Section 4: Outline of the Report. 

Section 5: Project Site Environment. 

Section 6: Design Information’s for Ship repair facility structures. 

Section 7: General Arrangement and Structural Model for Proposed  

                 Structure. 

Section 8: Loadings for Ship repair facility structures . 

Section 9: Structural Analysis Results. 

Section 10: Results and Discussions. 

Section 11: Summary. 
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5.0 Project Site Environment 

The analysis of the prevailing environmental aspects of the project site is essential for 

the better understanding of the site that will help in development and modification of the ship 

repair facility. Hence an overall environmental data on the location, connectivity, 

meteorological parameters, geotechnical aspects, and basic details of the project site are 

reproduced from the earlier reports for better appreciation. 

5.1 Water level 

The maximum and minimum water levels observed at Pandu over a period of 2004-2014 

are tabulated in Table. 5.1. The observed Highest Flood level at Pandu is 50.05 m and lowest 

water level at Pandu is 40.31 m with reference to the mean sea level. 

Table. 5.1: Maximum and Minimum water levels observed at Pandu 

    
Year 

2004 2005 2006 2007 2008 2009 2010 2011 2012 

January 
Max. 41.43 41.56 41.04 40.94 41.74 - 41.16 41.52 40.89 

 Min. 41.26 41.20 40.50 40.41 41.38 - 40.52 41.10 40.38 

February 
Max. 41.26 42.33 41.11 40.79 41.78 - 40.50 41.45 40.70 

 Min. 41.11 41.06 40.31 40.39 41.43 - 40.35 40.99 40.52 

March 
Max. 44.64 44.28 42.21 40.98 42.57 - 43.43 43.66 41.34 

 Min. 41.06 41.75 40.92 40.51 41.43 - 40.40 40.94 40.60 

April 
Max. 45.39 45.15 - - 42.92 - 47.26 44.13 44.24 

 Min. 42.48 43.21 - - 42.92 - 43.13 42.28 41.31 

May 
Max. 47.09 44.91 44.91 47.18 - 44.51 48.05 44.98 46.13 

 Min. 43.03 43.60 44.01 44.57 - 42.61 44.16 42.94 43.19 

June 
Max. 48.21 46.84 48.70 48.34 - 45.29 48.79 46.27 48.87 

 Min. 44.85 44.46 46.20 46.09 - 43.64 46.21 44.17 44.59 

July 
Max. 49.20 47.73 48.42 50.05 - 47.42 48.91 47.84 48.47 

 Min. 46.88 46.02 47.24 47.16 - 45.40 48.30 45.71 47.22 

August 
Max. 47.56 47.89 47.45 50.05 - 47.78 49.39 47.79 48.16 

 Min. 46.73 46.02 45.57 47.63 - 46.53 47.41 46.22 46.35 

September 
Max. 47.54 47.41 48.59 48.13 - 46.75 49.92 46.88 49.40 

 Min. 45.42 44.38 45.87 46.17 - 45.05 48.09 45.21 46.18 

October 
Max. 47.64 45.39 46.15 45.92 - 46.22 - 46.58 48.23 

 Min. 43.65 43.44 45.42 44.40 - 42.86 - 42.87 44.17 

November 
Max. 43.82 43.76 - 44.19 - 43.36 - 42.81 - 

 Min. 42.12 42.00 - 42.62 - 42.45 - 41.65 - 

December 
Max. 42.15 41.96 - 42.56 - 41.90 - 41.63 - 

 Min. 41.57 41.07 - 41.76 - 41.19 - 40.93 - 
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It could be observed that during the months of December to March the water levels are 

lowest, while during the months of April to October these are highest. 

5.2 Rainfall 

Annual rainfall in the catchment area varies widely from over 250 cm in the Assam 

Valley to less than 50 cm in Tibet. Rainfall in the region is negligible from November to March. 

The rainfall commences from April and reaches its peak towards end of May. The average 

annual rainfall is about 160 cm at Pandu. 

5.3 Current 

From available data on river velocities, the mean velocity during the normal and flood 

periods has been observed to be about 1 m/s and 4 m/s respectively. The annual records of 

maximum and minimum mean velocities of the river Brahmaputra at Pandu are tabulated in 

Table. 5.2.  It could be observed that during months of higher discharge viz. June to September 

the maximum velocities could reach 3.0 to 5.0 m/s. These velocities are too high for the vessel 

to align along the slipway. However during these months minimum velocities are well below 

2.0 m/s which could be considered as limit upto which the vessels could be handled at the 

slipway safely. The ship/vessel would be placed in position using tug boats of adequate capacity 

during monsoon season so as to transfer it to trolley for hauling upto slipway. Additional 

mooring structure such as buoy shall be installed during slipway operation. 

Table. 5.2: Maximum & Minimum Mean Velocities (m/s) of the River Brahmaputra at 

Pandu 

Months   1959 1961 1977 1978 

Jan. Max. 0.52 0.53 1.16 0.83 

  Min. 0.39 0.47 0.83 0.73 

Feb. Max 0.54 0.53 1.10 0.86 

  Min. 0.34 0.47 0.76 0.75 

Mar. Max 0.58 0.80 1.31 0.93 

  Min. 0.38 0.47 0.89 0.72 

Apr. Max. 1.19 1.35 1.49 1.28 

  Min. 0.47 0.68 1.02 0.86 

May Max. 2.21 2.74 2.05 1.76 

  Min. 0.76 0.95 1.05 1.12 

June Max. 3.14 2.50 2.61 3.63 

  Min. 1.28 1.52 1.76 1.29 

Jul. Max. 2.14 3.21 3.00 2.57 

  Min. 1.55 1.50 2.00 1.70 

Aug. Max. 5.57 5.85 3.11 2.58 
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  Min. 1.61 1.84 2.55 1.63 

Sept. Max. 2.10 2.19 2.90 2.16 

  Min. 1.36 1.24 1.65 1.60 

Oct. Max. 1.50 1.53 2.40 1.84 

  Min. 1.08 0.92 1.16 1.20 

Nov. Max. 1.15 0.97 1.14 1.33 

  Min. 0.64 0.57 0.95 0.97 

Dec. Max. 0.66 0.64 1.12 1.02 

  Min. 0.32 0.45 0.82 0.78 

 

5.4 Temperature 

Guwahati enjoys moderate weather with average high temperature of 29°C and average 

minimum is 19°C. Summer (April-May) has a maximum of 40°C and winter (October to March) 

has a minimum 5°C. 

5.5 Geotechnical Data 

 The geotechnical investigations at the proposed shiprepair location were carried and 

considered marine borehole details is given in Table. 5.3 below. 

Table. 5.3: Details of Borehole 
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5.6 Topographic Information 

 The topographical survey of the proposed slipway at Pandu was carried out and the 

levels of existing surface are found to vary from 40.0 m to 52.0 m with respect to mean sea 

level. The topographic details of Project site as shown in Fig. 5.1. 

 

Fig. 5.1: Topography details of site  
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5.7 Hydrographic Information 

 The hydrographic survey of river Brahmaputra near the slipway location was collected 

by IWAI and details are shown in Figure. 5.2. 

 

Fig. 5.2: Details of Hydrographic Survey near shiprepair facility 

5.8 Seismicity 

 Pandu is in Zone V of Indian Map of Seismic zones (IS-1893 Part-1 2016) which is a 

very severe risk seismic intensity zone (Fig.5.3). 

 

Fig. 5.3: Seismic Zoning Map of India as per IS-1893 Part 1-2016  
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5.9 Layout  

The proposed layout consists two phase of development and it is shown in Fig. 5.4 and 

Fig. 5.5.  

The phase-I development consist of open piled structure of ship repair facility having 

length of 128m and width of 70m. The facility consist of boat hoist jetty of 60m length and 

width of 10m parallel to the river and the transfer bay consist of berthing jetty provisions along 

the river side. The transfer bay has length of 68m and width of 37.5m.  The repair yard length 

is 68m and width is 32.5m. In phase-I, 60m length of vessesls can be handled in ship repair 

facility. The light weight of ship is approximately 500T for 60m vessels. 

 The phase-II development consist of open piled structure of ship repair facility having 

length of 217m and width of 133m. The facility consist of boat hoist jetty of 90m length and 

width of 10m parallel to the river and the transfer bay consist of berthing jetty provisions along 

the river side. The transfer bay has length of 116 m and width of 37.5m.  The repair yard length 

is 116m and width is 95.5m. Further, the existing wet basin shall be converted as ship repair 

yard in Phase-II development to handle the higher size of vessels. In phase-II, 90m length of 

vessesls can be handled in ship repair facility. The light weight of ship is approximately 800T 

for 90m vessels. Accordingly, the crane dimesions shall be customised to lift the vessels. 
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Fig. 5.4: Development of Phase –I layout 
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Fig. 5.5: Development of Phase –II layout  
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6.0 Design Information’s for Ship Repair Facility  

6.1 General  

The ship repair facility consist of boat hoist jetty, transfer bay and repair bay. The 

proposed cross section of boat hoist jetty consists of open piled type of jetty and the pile 

diameter is 1.3m. The length of jetty is 60m and width is 10m. The transvers and longitudinal 

beam dimension is 1.5m x 2.0m and 1.75m x 2m. The adopted thickness of deck slab is 700mm 

and the wearing coat of 100mm is provided. The deck level of jetty is +53.50m (CD). The plan 

view and cross-section of the typical jetty is shown in Fig. 6.1 and 6.2 respectively. 

The proposed cross section of transfer bay consists of open piled type of jetty and the 

pile diameter is 1.3m. The length of jetty is 68m and width is 37.5m. The transvers and 

longitudinal beam dimension is 1.5m x 2.5m and 1.75m x 2m. The adopted thickness of deck 

slab is 800mm and the wearing coat of 100mm is provided. The deck level of jetty is +53.50m 

(CD). The plan view and cross-section of the typical jetty is shown in Fig. 6.3 and 6.4 

respectively. 

The proposed cross section of repair bay consists of open piled type of jetty and the pile 

diameter is 1.2m. The length of jetty is 68m and width is 32.5m. The transvers and longitudinal 

beam dimension is 1.5m x 2m. The adopted thickness of deck slab is 700mm and the wearing 

coat of 100mm is provided. The deck level of jetty is +53.5m (CD). The plan view and cross-

section of the typical jetty is shown in Fig. 6.5 and 6.6 respectively. The general arrangements 

of ship repair facility structure is attached in Annexure-I. 
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Fig. 6.1: Plan view of boat hoist jetty 

 

Fig. 6.2: Cross-section of boat hoist jetty 
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Fig. 6.3: Plan view of the transfer bay  

 

 

 

Fig. 6.4: Cross-section of transfer bay 
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Fig. 6.5: Plan view of the ship repair bay 

 

 

Fig. 6.6: Cross-section of Ship repair bay  
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6.2 Basic Design considerations 

6.2.1 General  

The facilities for the berthing structure consist of the following.  

 The length of the boat hoist jetty is 60m and the width is 10m.  

 The length of the tranferbay is 68m and the width is 37.5m.  

 The length of the repairbay is 68m and the width is 32.5m.  

 The jetty structure consists of a beam deck system and it is supported on pile.  

 The ship repair facility is designed for various loads as described below.  

6.2.2 Design Life 

This design life criterion is based on the maintenance system as follows: 

 The design life of the proposed new facility is assumed as 50 years. 

 The frequency of inspection & repairs of work is 5 years. 

 The design life of the fender is 15 years. 

 The design life of the bollard is 10years.  

6.2.3 Design assumptions 

Following assumptions were considered for the design of the berthing structure.  

 While berthing the vessel, the berthing contact to the structure is quarter-point 

(L/4) berthing and the energy has been distributed to the structure as per code. 

 Berthing shall be allowed only after the deck beam achieves its full strength for 

28 days.  

 The design shall be carried out considering soil parameters at the structure 

location. The static capacity of the pile is derived based on IS 2911. The 

following points have been taken into consideration for designing the piles. 

a) A minimum factor of safety of 2.5 will be considered for arriving at the safe 

pile bearing capacity. 
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6.2.4 Design Loads 

The ship repair facility structure shall be designed adequately for the following loads 

and appropriate combinations of the loads. 

 Dead loads  

 Live loads  

 Berthing Force 

 Mooring Force 

 Boat Hoist Crane  

 Seismic Force 

 Temparature 

 Wave and current force 

6.2.5 Design deck Level 

The design deck level for the jetty is taken as (+) 52.0m CD. 

6.2.6 Berthing Criteria 

The berth is located in a  river location. Hence, the berthing condition is assumed in  

moderate conditions. The design berthing velocities to be adopted during the design of berthing 

structures are summarized in Table. 6.1. 

Table. 6.1: Berthing Criteria 

Items 1260DWT 

Berthing Velocity (m/sec) 0.45 

Berthing angle (deg) 10 

6.2.7 Mooring Loads 

Mooring conditions define the prevailing wind and current at the berth location during 

the presence of the ship. Following conditions shall be assessed.  

Wind: 49 m/sec  

Current: 3m/sec 

Mooring bollard loads shall be arrived as per IS 4651. References shall be made to the 

report for details and the mooring bollard capacity of 30T is provided for the berthing structure. 
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6.2.8 Structural Design 

The main considerations for the design of structures are: 

  a. Structural safety, stability & durability. 

  b. Availability of material, equipment and expertise. 

  c. Constructability and ease of maintenance. 

d. Maximum DWT of the ship, which will be berthed during the lifetime of the 

structure. 

6.2 9 Materials and Cover 

6.2.9.1 Concrete 

For all structural elements, an M40 grade concrete mix can be adopted. 

6.2.9.2 Reinforcement 

High yield strength deformed bars of Fe 500D grade according to IS 1786-(2008) can 

be used. Table. 6.2 shows the list of concrete and steel grades to be adopted for structural 

elements.  

Table. 6.2: Grade of concrete & steel 

Structures Materials 

  Concrete Steel 

Pile M40 Fe500D 

Beam M40 Fe500D 

Slab M40 Fe500D 

 

6.2.9.3 Cement 

For all structural elements, OPC 53- grade cement according to IS: 12269 or 43 –grade 

cement according to IS: 8112 can be used. 

6.2.9.4 Clear Covers 

The following clear cover shall be adopted for the outermost reinforcement of the 

structural members. 
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Pile 75mm 

Pilemuff 60mm 

Beam 50mm 

 Slab 50mm 

6.2.9.5 Vessel Specifications 

The following table shows the vessel specifications which are going to be handled in 

the new proposed structure.  

Table. 6.3: Vessel specifications 

Description Vessel   

Vessel capacity 1260DWT 

Draft 1.2m or 1.8m   

Overall Length 90m 

Width 15m 

 

6.2.9.6 Deflection 

Deflection due to all loads including creep and shrinkage should not exceed span/250 

as given in Clause 23.2 of IS 456:2000 and also as per client requirements. 

6.2.9.7 Crack Width 

Crack width is checked under IS 4651 (Part 4)-2014. As a guide, assessed surface width 

of cracks at points nearest to the main reinforcement should not exceed 0.004 times the cover 

of the main reinforcement or maximum crack width in different zones are given in Table. 6.4, 

whichever is minimum. Limit state of serviceability load combinations is considered for crack 

width calculation. 

Table. 6.4: Maximum Crack Width in Different Zone 
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7.0 General Arrangement and Structural Model for Proposed Structure 

The ship repair facility consist of boat hoist jetty, transfer bay and repair bay. The proposed 

boat hoist jetty length is 60m and width is 10m. The transfer bay length is 68m and width is 

37.5m. The repair bay length is 68m and width is 32.5m. 

7.1 Structural Arrangement of boat hoist jetty, transfer bay and repair bay. 

The proposed cross section of boat hoist jetty consists of open piled type of jetty and 

the pile diameter is 1.3m. The length of jetty is 60m and width is 10m. The transvers and 

longitudinal beam dimensions are 1.75m x 2m and 1.5m x 2m. The centre to centre pile spacing 

is 6.16m in longitudinal direction and 8.25m in transvers direction. The adopted thickness of 

deck slab is 700mm and the wearing coat of 100mm is provided. The deck level of jetty is 

+53.50m (CD). The founding level of pile is +10m(CD). The plan view and cross-section of 

the typical jetty is shown in Fig. 7.1 and 7.2 respectively. 

The proposed cross section of transfer bay consists of open piled type of jetty and the 

pile diameter is 1.3m. The length of jetty is 68m and width is 37.5m. The transvers and 

longitudinal beam dimensions are 1.75m x 2m and 1.5m x 2m. The centre to centre pile spacing 

is 6.375m in longitudinal direction and 7.625m and 9.625m in transvers direction. The adopted 

thickness of deck slab is 800mm and the wearing coat of 100mm is provided. The deck level 

of jetty is +53.50m (CD). The founding level of pile is +10m(CD). The plan view and cross-

section of the typical jetty is shown in Fig. 7.3 and 7.4 respectively. 

The proposed cross section of repair bay consists of open piled type of jetty and the pile 

diameter is 1.2m. The length of jetty is 68m and width is 32.5m. The transvers and longitudinal 

beam dimension is 1.5m x 2m. The centre to centre pile spacing is 6.375m in longitudinal 

direction and 7.0m in transvers direction.  The adopted thickness of deck slab is 700mm and 

the wearing coat of 100mm is provided. The deck level of jetty is +53.50m (CD). The founding 

level of pile is +10m(CD). The plan view and cross-section of the typical jetty is shown in 

Figure. 7.5 and 7.6 respectively. 
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Fig. 7.1: Plan view of boat hoist jetty 

 

 

Fig. 7.2: Cross-section of boat hoist jetty 
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Fig. 7.3: Plan view of the transfer bay 

 

Fig. 7.4: Cross-section of transfer bay 
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Fig. 7.5: Plan view of the ship repair bay 

 

Fig. 7.6: Front-section of Ship repair bay  
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7.2 Analysis Model 

The computer model of boat hoist jetty, transfer bay,repair bay and approach structure 

are considered as a three-dimensional frame that includes the pile and beam along with 

provided soil springs. The structure is modeled as a single unit. The pile is supported by soil 

springs. The pile is modeled as beam elements with appropriate properties of RCC sections. 

The slab modeled as plate elements and it is supported by beam elements. This represents the 

stiffness of the structure and soil simulated. The analysis is carried out using the conventional 

STAAD ProV8i package for various critical load combinations. The P-δ analysis is carried out; 

Soil-Structure interaction analysis is performed by using springs as a representation of soil.  

The boat hoist jetty structural model is shown in Fig. 7.7 and transfer bay is shown in Fig. 7.8. 

The repair bay and approach structural model is shown in Fig. 7.9. 

 

Fig. 7.7: Structural model for boat hoist jetty 
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Fig. 7.8: Structural model for transfer bay 
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Fig. 7.9: Structural model for repair bay  

7.3 Structural Sizes 

The proposed structure is a RCC-framed structure and the proposed sizes are 

summarised in Table. 7.1. These sizes are used in the simulation for structural analysis to 

generate the dead loads. 

Table. 7.1: Structural components 

S: No Structural member Dimension 

Combined sheet pile wall jetty 

1  Piles 1300mm&1200mm 

2 Beams 1750mmx2000mm&1500mmx2000mm 

3 Slab 700mm & 800mm 

4 Pilemuff 2000mmx2000mmx600mm 
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8.0 Loadings for Ship repair facilitates 

8.1 Dead Loads 

Dead loads will consist of the weights of structure and all equipment of a permanent or 

semi-permanent nature. Unit weight of various materials used in the structural members is 

given as follows: 

a. Water    = 1.0 T/cum 

b.  Sea water  = 1.03 T/cum 

c.  RCC   = 2.5 T/cum 

d.  Soil    = 1.8 T/cum 

e.  Steel    = 7.85 T/cum 

f. Sand    = 2.0 T/cum 

g.  Concrete pavers  = 2.4 T/cum 

h.  Foam Concrete  =0.6 T/cum 

8.2 Live Load  

A live load of 50kN/ m2 is adopted for design. 

8.3 Seismic Force 

Pandu is in Zone V of the Indian Map of Seismic zones (IS-1893 Part-1 2016), which is 

a severe risk of the seismic zone. Seismic force is calculated according to IS 1893-2002, 

considering 100 % dead load + 50 % live load acting on the structure. As per IS code, the site 

is under (Zone III) and the basic horizontal seismic coefficient is calculated accordingly. The 

seismic force calculations are given below. Fig. 8.1 shows the response spectra for rock and soil 

and sites for 5% damping. 

Horizontal seismic coefficient 

Ah= Z I Sa/g 

Where, 

Z = 0.36, Zone factor (Table 2 of IS: 1893-2016) 

I = 1.5, Importance factor (Table 6 of IS: 1893-2016) 

R = 3.0, Response reduction factor (Table 7 of IS: 1893-2016) 

Sa/g = Average Response acceleration coefficient 
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(Depends on the natural time period of the structure from STAAD Pro analysis). 

 

 

Fig. 8.1: Response spectra for rock and soil and sites for 5% damping 

8.4 Berthing Force 

It is proposed to handle 1260 DWT vessels and the design of the berthing structure 

considers under moderate conditions. Berthing loads shall be determined under IS 4651-III 

(2020) for the design vessels. Approach velocities and angles of approach for design vessels 

shall be considered as per the table given below.  
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Table. 8.1: Parameters for calculation of berthing energy 

S No Description Vessel Size in  1260 DWT 

1 Berthing velocity (m/sec) 0.45 

2 Berthing angle (degrees) 10 

3 Mass Coefficient 1.21 

4 Displacement Tonnage (Tonne) 1665 

5 Eccentricity Coefficient 0.52 

6 Softness Coefficient 0.9 

7 Normal berthing Energy (Tonne.m) 10.1 

8 Factor of Safety 2 

9 
Abnormal berthing Energy 

(Tonne.m) 
20.2 

10 Design berthing Energy (Tonne.m) 22.01 

11 Fender Selected 
Trelleborg Arch Fender-

1000(E1.5) 

12 
Maximum Energy Absorption 

(Tonne.m) 
22.1 

13 Maximum Rated Reaction (Tonne) 567 

 

8.5 Mooring Force 

Vessel specifications     

Dead Weight Tonnage DT = 1665 T 

Overall Length LOA = 90 m 

Length between perpendiculars Lp = 85 m 

Width of the vessel B = 15 m 

Moulded depth Dm = 2.5 m 

Average light draft Dl = 1.2 m 

Other data     

Basic Wind Speed Vb = 47 m/s 

Current velocity v = 3 m/s 
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Unit weigth of sea water w = 10.25 kN/m 

Acceleration due to gravity  g = 9.81 m/s2 

No. of mooring lines  = 8  

No. of mooring lines resisting the system  = 2  

Coefficients     

Shape Factor Cw = 1.3  

Coefficients for wind force calculation     

Probability factor k1 = 1  

Terrain roughness and height factor k2 = 1.05  

Topography factor k3 = 1  

Importance factor k4 = 1  

Wind directionality factor Kd = 1  

Area averaging factor Ka = 0.8  

Combination factor Kc = 0.9  

     

Force due to wind     

Force due to wind Fw = CwAwP   

Shape Factor Cw = 1.3  

Windage Area Aw = 1.175*Lp(Dm-Dl)   

  = 1.175*85(2.5-1.2)   

 Aw = 129.84 m2 

Design Wind Speed Vz = Vb*k1*k2*k3*k4   

  = 47*1*1.05*1*1   

 Vz = 49.35 m/s 

Wind Pressure Pz = 0.6*Vz
2   

  = 0.6*49.35^2   

 Pz = 1461.250 N/m2 

Design wind pressure pd = Kd*Ka*Kc*pz  

  = 1*0.8*0.9*1461.25  

 pd = 1052.1 N/m2 

The value of pd, however shall not be taken less than 0.70 pz 

 0.7pz = 0.7*1461.25  

  = 1022.88  
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Wind pressure to be considered,  = 1052.1 N/m2 

 P = 1.05 kN/m2 

Force due to wind Fw = CwAwP   

  = 1.3*129.838*1.05   

  = 177.23 kN 

Force due to current     

Force due to current Fc = (wv2/2g)*Ap  

Area of ship under water Ap = B*Dl   

  = 15*1.2   

  = 18 m2 

Force due to current Fc = (wv2/2g)*Ap   

  = ((10.25*3^2)/(2*9.81))*18   

   84.63 kN 

Resultant Mooring force F = (Fw
2 + Fc

2)^0.5 

  = (177.23^2 + 84.63^2)^0.5   

Resultant Mooring force F  196.40 kN 

Assuming vessel to be moored by 8 mooring lines and considering only 50 % of the lines 

resist the force 

Mooring force on each mooring line  = 196.4 / 2  

   98.20 kN 

  ~ 300 kN 

 

8.6 Wind 

The wind forces on structures are calculated as per IS 875 Part 3 with the following 

wind speed consideration (assumed). 

The basic maximum wind speed under the operating condition: 47 m/s. 

The design wind speed to be obtained from the formula is given below:  

Design wind speed, Vz = k1 x K2 x k3 x Vb 

Where,            

k1 = Risk Co efficient = 1.06 (Table 1), 

k2 = Terrain, Height and Structure size factor = 1.05 (Category 2, Class C, Height < 

10m (Table 2)), 

k3 = Topography factor = 1.0 (Clause: 5.3.3.1). 
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8.7 Temperature & Shrinkage 

Temperature and Shrinkage forces considered for adequacy check are as follows.  

  

 Min / Max temperature                                  : + 5°C / 40° C 

 The coefficient of thermal expansion for RCC structures is taken as 11.7 x 10-

6 / °C. 

8.8 Boat Hoist Crane 

The ship repair structure is designed for 800T capacity of boat hoist carne. The technical 

details are furnished in Fig. 8.2. The customized crane should have 32wheels with spacing of 

4.9m centre to centre. 

 

 

 

 

Fig. 8.2: Technical data  
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8.9 Calculation of Soil Spring Values 

 
  

= 40 MPa Soil level 36 from CD

S.No. Soil Level
Segment 

length

Wall 

thickness

Poisson ratio 

for soil

Elastic modulus 

of Pile 

Moment of 

Inertia
N

Elastic modulus of 

soil 
Es/(1-ms

2
) (EsD

4
/(Ep Ip))

^(1/12) Modulus of subgrade 

reaction 
Spring value

Top L B or D μs Ep = 5000 (fck)
^0.5 Ip Es ks

m m m kN/m
2

m
4 KPa kN/m

3 kN/m

1 36.000 1.50 1.3 0.25 31622776.6 0.1401 10 49030 52299 0.75 39216.3 37540.1

2 34.500 1.50 1.3 0.25 31622776.6 0.1401 10 49030 52299 0.75 39216.3 77863.4

3 33.000 1.50 1.3 0.25 31622776.6 0.1401 10 58836 62758 0.76 47780.0 92482.7

4 31.500 1.50 1.3 0.25 31622776.6 0.1401 10 63739 67988 0.77 52108.1 102327.4

5 30.000 1.50 1.3 0.25 31622776.6 0.1401 10 73545 78448 0.78 60846.0 117945.9

6 28.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 126526.2

7 27.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

8 25.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

9 24.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

10 22.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

11 21.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

12 19.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

13 18.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

14 16.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

15 15.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

16 13.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

17 12.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

18 10.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

19 9.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

20 7.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

21 6.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

22 4.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

23 3.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

24 1.500 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 127242.2

25 0.000 1.50 1.3 0.25 31622776.6 0.1401 10 78448 83678 0.78 65252.4 63621.1

SPRING VALUE CALCULATION FOR CIRCULAR SECTION

General Data:-

Grade of concrete
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8.10 Load Combinations 

Load Combination factors for the analysis are under IS 4651(Part 4)-2014. The 

following load combination has been considered in the analysis. 

Limit state of serviceability 

1DL+1.1LL+1.1DYN+1.0WF+1.0B.F 

1DL+1.1LL+1.1DYN+1.0WF+1.0M.F 

1DL+1.1LL+1.1DYN +1.0WF+1.0S.F 

1DL+0.5LL+0.5DYN+1.0TEM 

Limit state of collapsibility 

1.5DL+1.5LL+1.5DYN+1.2WF+1.5B.F 

1.5DL+1.5LL+1.5DYN+1.2WF+1.5M.F 

1.5DL+1.5LL 

1.2DL+1.2LL+1.2S.F 

1.5DL+1.5S.F 

1.2DL+1.2LL+1.2DYN +1.0WF+1.0B.F or M.F 

1.2DL+1.2LL+1.2DYN+1.0WF+1.2S.F 

1.2DL+1.2LL+1.2DYN+1.0WF+1.2T.F 

0.9DL+0.9LL+0.9DYN+1.0WF+1.5B.F or M.F 

0.9DL+0.9LL+0.9DYN+1.0WF+1.5S.F 

   Where,  

     D.L - Dead Load 

     L.L - Live Load 

     M.F - Mooring Force 

B.F - Berthing Force  

     S.F - Seismic Force  

     DYN    -          Vehicle load 

     T.F       -          Temperature 
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9.0 Structural Analysis Results  

9.1. Pile-1300mm dia 

Limit state of collapse 

 

 
 
Limit state of Serviceability  
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9.2. Pile-1200mm dia 

Limit state of collapse 
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Limit state of Serviceability  
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9.3. Column-1750x1750mm 

Limit state of collapse 

 

 
 

 
 

Limit state of Serviceability  
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9.4. Beam-1500x2000mm 

Limit state of collapse 

 

 
 

 
  



 

Client Cochin Shipyard Limited Date 26/03/2022         

 

Project 
Design Project Report for Ship Repair 
Facility to handle Inland waterways 
Vessels at Pandu, Guwahati 

Consultant 
 IITM/ 
NTCPWC 

 

49 

 

Limit state of Serviceability  
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9.5. Beam-1750x2000mm 

Limit state of collapse 

 

 
 

 

Limit state of Serviceability  
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9.6. slab-700mm 

Limit state of collapse 
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Limit state of Serviceability  

 

 

 
 
 

9.7. slab-800mm 

Limit state of collapse 
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Limit state of Serviceability  
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10.0 Results and Discussions   

The P-δ structural analysis was carried out to determine the structural responses such 

as member forces and deflections. The member loads will be used to design the RCC elements 

for ship repair facilities. The reinforcement results for each structural element are summarized 

in this section. 

10.1 Piles 

10.1.1 Pile-1300mm  

 

The design of pile is done for the moment adopted from the analysis done by STAAD 

Pro.The reinforcement provided is summarized in Table. 10.1. 

 

 Table. 10.1: Reinforcement summary for 1300mm 
 

Dia (mm) 
No of bars 

provided  

% of 
reinforcement 

provided  

Lateral ties 

provided 

crack width 

(mm) 

Short term  

1300 2x33T32 4.0% 

12mm# 

@150mm 

spacing c/c 

0.159 

 
 

10.1.2 Pile-1200mm  

 

The design of pile is done for the moment adopted from the analysis done by STAAD 

Pro.The reinforcement provided is summarized in Table. 10.2. 

 
 Table. 10.2: Reinforcement summary for 1200mm 

 

Dia 

(mm) 

No of bars 

provided  

% of 

reinforcement 
provided  

Lateral ties 

provided 

crack width 
(mm) 

Short term  

1200 2x25T32 3.56% 
12mm# 

@150mm 

spacing c/c 

0.136 
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10.3 Column 

 

The design of column is done for the moment adopted from the analysis done by 

STAAD Pro.The reinforcement provided is summarized in Table. 10.3. 

 
 Table. 10.3: Reinforcement summary for column (1750x1750mm) 

 

Size (mm) 
No of bars 

provided  

% of 

reinforcement 
provided  

Lateral ties 

provided 

crack width 
(mm) 

Short term  

1750x1750 

1x34T32 

on each 

side 

3.5% 

12mm# 

@150mm 

spacing c/c 

0.18 

 

 

10.4 Beams 
 

The design of beam is done for the moment adopted from the analysis done by STAAD 

Pro.The reinforcement provided is summarized in Table. 10.4. 

Table. 10.4: Reinforcement summary for beams 

 

S. 

No. 
Size(mm) 

Reinforcement 
% of 

reinforcement 
Stirrups 

(mm) 

Crack width (mm) 

Top Bottom 

Bottom  Top Bottom  Top Short Short 

1 1750x2000 30T32 30T32 0.73 0.73 

12T 10 

legged 

@125 

c/c 

0.061 0.038 

2 1500x2000 30T32 30T32 0.85 0.85 

12T 10 
legged 

@100 

c/c 

0.101 0.091 
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10.4 Slab 

 

The design of slab is done for the moment adopted from the analysis done by STAAD 

Pro.The reinforcement provided is summarized in Table. 10.5. 

 
Table. 10.5: Reinforcement summary for slab 

 

S. 

No. 
Description 

Reinforcement 
% of 

reinforcement 
Stirrups 

(mm) 

Crack width 

(mm) 

Top Bottom 

Bottom  Top Bottom  Top Short Short 

1 
Slab(700mm 

thick) 
25@150c/c 25@150c/c 0.51 0.51 

12T 6 

legged 

@150 

c/c 

0.051 0.047 

2 
Slab(800mm 

thick) 
25@100c/c 25@100c/c 0.44 0.44 

12T 6 

legged 
@100 

c/c 

0.035 0.016 

 
  

mailto:25@100c/c
mailto:25@100c/c
mailto:25@100c/c
mailto:25@100c/c
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11.0 Summary 

The proposed ship repair structure is found to be safe against the above mentioned forces. 

The capital cost estimates have been prepared for the proposed structure in phase wise 

development. The total cost of the project based on requirements, initial discussions and 

observation as per 2022 rates is about Rs. 141.84 Crores for Phase-I and Rs. 266.40 Crores 

for Phase-II. The total cost of project is Rs. 404.60 Crores. The bill of quantity is attached 

in Annexure-II. .  
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