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Executive Summary 

 

The following report is a summary of the preliminary design work and feasibility study 

undertaken by Chamberlin Marine in regards to the proposed Yarra Shuttle.  The design has 

been furthered to a level that shows the concept is a feasible solution that can be readily 

produced and will meet the requirements that have been provided, however it is not 

completed nor is it necessarily in its final form.  These requirements have been outlined, 

along with a basic description of the solution presented. 

 

The revised design has been evaluated against relevant rules and regulations and has been 

shown to comply, in principal, with the exception of minor compliance issues that should be 

able to be readily addressed with the solutions presented.  The design has been assessed with 

regards to expected weight, weight distribution and stability in its various loading conditions 

and has been shown to be fit for purpose.  The structural design has been furthered to a level 

that will be suitable for accurate tendering for construction and the structure has been 

analysed and demonstrated to be suitable. 

 

The resistance of the hullform at various speeds has been predicted using two methods and a 

number of potential electrical based propulsion systems have been analysed using these 

figures in addition to the presented operational profile.  Finally the cost of construction has 

been estimated based on the revised design and the results of this investigation. 
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1. Project Brief 

 

The purpose of this investigation is to further develop the concept design produced by Chamberlin 

Marine in early 2012, meeting the requirements of the Melbourne City Council.  Due to the unique 

nature of the vessel further design and analysis was required to guarantee the feasibility of the design 

for operation under the given constraints. 

 

The mission requirements, as provided by the Waterways Unit, are listed below along with the 

proposed operational outline.  These key points form the basis of the design drivers, performance 

criteria and design spiral that were utilised to produce the design. 

 

1.1. Mission Requirements 

 

Broad Objective: 

 

“As part of a broader activation strategy, develop a sustainable, tourism-orientated water 

shuttle/ferry service that is befitting of the world’s most liveable city.” 

 

Specific (Parallel) Objective: 

 

“Populate (activate) Docklands, in particular the western fringe (New Quay/Waterfront City) and in 

the process create an on water Yarra River experience.” 

 

Philosophy: 

 

“Apply ‘best case scenario’ to produce a long term, sustainable model that will benefit Melbourne’s 

waterfront, Docklands, the City of Melbourne and the State of Victoria.” 

 

“An integrated tourism loop. MYKI compatible. A water based component of the overall transport 

strategy.” 

 

 

Vessel Design Criteria: 

 

• Sophisticated – representative of the world’s most liveable city 

• POD – iconic point of difference, 21st century waterways version of the world famous trams  

• Visually appealing  

• Built to purpose - light displacement, low profile (1.85 air draft), low wash/wake less  

• Green – representative of the shared philosophy of all supporting entities  

• Climate friendly – seasonal flexibility to suit Melbourne’s four seasons  

• Bike friendly  

• Disabled friendly (DDA if possible) 

• Model 1/ larger vessels: 70-100pax. Model 2/ smaller vessels: 35-50pax.  

• Ability to embark/disembark from both sides  

• Fast load/unload capability, i.e. bump & go  

• 5-10kn operating speed (Proposed route may have 10kn & 5kn speed limits enforced)  
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1.2. Operational Outline 

The provided documentation included the following details relating to the operational profile; 

 

1.2.1. Proposed Route 

 

• Flinders St Station – New Quay – Flinders St Station 

o Max 35 minutes duration one way 

o  2 interim stops – Melbourne City Marina New Quay, South Wharf, Crown 

Casino, Flinders St Station. (Possibly varied return, i.e. Flinders St Station, North 

Wharf (WTC), Collins Landing/Bourke Dock, Melbourne City Marina New 

Quay) 

 

• Operational Speed 

o 5 Knot slow cruise speed 

o 10 Knot fast cruise speed (possible exemption for operation between Victoria 

Harbour and Charles Grime Bridge) 

 

• Timetable: Eyeball – similar to high frequency tram services, patrons must visualise a 

shuttle arriving/leaving 12-14hrs per day - 365 days per year 

 

1.2.2. Further detail in regards to operational outline 

 

• Operational Waters/Sea State 

o Sheltered Water – Suitable for 1E operation 

 

• Water Depths/Height Clearances 

o 1.85m Air Draft required to clear Spencer St Bridge in all possible conditions 

 

• Waterways Traffic 

o There is a reasonable amount of commercial traffic on the Yarra as well as 

recreational power boats, rowers and kayaks 

o Vessels travelling downstream have right of way 

 

• Wash Restrictions 

o Wash restrictions of 300mm wave height apply within the river 

 

• Climate 

o Latitude – 37.48° South. 

o Mean number of days of rain = 100 Days. 

o Mean Annual Rainfall = 649.7mm 

o Mean number of clear days = 48.6 Days. 

o Mean maximum temperature = 19.9°C 

o Mean minimum temperature = 10.2°C 
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1.2.3. Potential Future Water Based Linkages  

 

See Figure 1 below; 

 

• Eastern (Upper Yarra): Yarra Park sports precinct, Botanical Gardens, Chapel St, 

Richmond, Hawthorn 

 

• Western (Lower Yarra): Science Works, Williamstown, 

 

• North Western (Maribyrnong River): Maribyrnong, Footscray 

 

 
 

 

 
 

Figure 1: Proposed shuttle routes 

Taken from “Waterways Unit – Melbourne Waterfront Water Shuttle Working Paper” October 2013 
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1.3. Vessel Design Drivers 

 

Having analysed these requirements and constraints the following points were highlighted as the key 

design drivers from a vessel design and operation perspective: 

 

• The required 1.85m air draft is the most significant and most constraining requirement 

 

• For the vessel to be successful in it’s operations it must; 

o be ‘iconic’ and totally unique to the City of Melbourne in order to attract the target 

demographic of tourists 

o be comfortable and reliable in order to attract and retain patronage from commuters 

o be safe, seaworthy and adequately manoeuvrable to navigate the river and all possible 

obstacles 

o be an efficient mode of transport and reduce travel time as much as is reasonably 

possible.  

 

• In order to adequately represent the world’s most liveable city the vessel must; 

o be sophisticated in it’s design 

o be environmentally sensitive 

o provide easy disabled access and be bike friendly 

 

• As the shore-based infrastructure is already in place, the vessel must be designed to assimilate 

with these facilities 
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2. Concept Overview 

2.1. Primary Design Driver - Meeting Air Draft Requirements 

 

This requirement forms the single most unique aspect of the vessel and sets it apart from all other 

designs.  The solution developed by Chamberlin Marine utilises a trimaran or ‘stabilised monohull’ 

arrangement that allows for standing headroom in the hull whilst maintaining a slender and efficient 

underwater shape, by locating the seating above the underwings. 

 

Although this arrangement is severely constrained and has minimal room for adjustment 

dimensionally, it is a very effective solution and has been shown within this report to successfully 

meet the requirements of the design.  Details of the concept can be seen in Appendix A – Drawings. 

 

 

 
 

Figure 2: Render showing a bow view of the vessel whilst alongside 

 

2.2. Representation of the City of Melbourne Ideals 

 

The vessel meets all the requirements outlined for a public transport vehicle that will represent ‘the 

world’s most liveable city’.  The vessel is highly sophisticated and demonstrates a unique approach to 

a design challenge.  This novel approach will make the vessel an iconic part of Melbourne and the 

Yarra River that will not be found elsewhere. 

 

The vessel is design to be environmentally sensitive (see 2.3) and this ‘green’ approach should satisfy 

the requirement of being “representative of the shared philosophy of all supporting entities”.  The 

vessel is also pushbike friendly (featuring racks for 8 bikes) and features direct disabled access. 
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Figure 3: Render from an elevated perspective showing the vessel whilst alongside 

 

2.3. Environmental Impact Reduction 

 

The vessel features a highly efficient hull design that reduces energy consumption, emissions and 

operating costs.  The efficient hull design also reduces wake/wash and will have virtually no 

noticeable wake at the 5 knot operating speed. 

 

The use of a diesel electric propulsion system allows the vessel to be powered by either the diesel 

generators, shore power or from solar input.  This configuration should allow for future research and 

design work to eliminate the need for diesel powered charging all together.  This is discussed further 

in section 3.6.2. 

 

2.4. Ergonomics and Passenger Comfort 

 

The vessel will be fully air-conditioned to cater for the extremes of Melbourne’s weather, although it 

is envisaged that in many conditions only modest amounts of power will be required for air-

conditioning.  In particular in cold temperatures ‘cogeneration’ will be utilised to warm the cabin 

using waste heat from the generators. 

 

The cabin is designed to be light filled with good visibility out of the cabin towards the water and 

upwards towards the city skyline.  Passengers can also access the aft cockpit area for fresh air and for 

the chance to experience the journey exposed to the environment.  Passengers will be free to move 

around the cabin and will be able to view the skipper operating the vessel through a glass window in 

the helm door. 
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Figure 4: Render 3 

 

 

 
 

Figure 5: Render 4 
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3. Preliminary Design Work Completed 

3.1. Standards Compliance 

 

The vessel has been designed and will be constructed to the following standards: 

• Marine Safety (Domestic Commercial Vessel) National Law 2012. 

o National Standard for Commercial Vessels (NSCV). 

o Lloyds Rules and Regulations for the Classification of Special Service Craft, Service 

Area Notation G1. 

o Sections of the USL code applicable under the National System. 

 

Table 1: Standards Compliance 
 

Design Aspect Applicable Rule Rule Name 

General 

Requirements 

NSCV  Part B General Requirements 

Manning NSCV  Part D Crew Competencies 

Passenger Vessels 

Requirements 

NSCV/USL  

 

Sect. 5C Part II 

& Part III 

Watertight Subdivision of 

Passenger Vessels. AMSA 745 (11/13) 

Part C1 Arrangement, Accommodation and Personal 

Safety 

Stability NSCV 

  

Part C6A Intact Stability Requirements 

Part C6B Buoyancy and Stability After Flooding 

Part C6C Stability Tests and Stability Information 

Structure NSCV/ 

Lloyds  

  

Part C3 Construction 

SSC Rules Lloyds Rules and Regulations for the 

Classification of Special Service Craft. 

Fire Safety NSCV  Part C4 Fire Safety 

Engineering NSCV  Part C5A Machinery 

Electrical NSCV Part C5B Electrical 

Safety Equipment NSCV Part C7A Safety Equipment 

Communications 

Equipment 

NSCV Part C7B Communications Equipment 

Navigation 

Equipment 

NSCV Part C7C Navigation Equipment 

Anchoring 

Systems 

NSCV Part C7D Anchoring Systems 

Other 

Requirements 

National 

Law  

Marine Safety (Domestic Commercial Vessel) – National Law Act 

2012 

Marine Safety (Domestic Commercial Vessel) – National Law 

Regulation 2013 

Marine Order 501 (Administration – National Law) 2013 

Marine Order 502 (Vessel Identifiers – National Law) 2013 

Marine Order 503 (Certificates of Survey – National Law) 2013 

Marine Order 504 Conditions of Determination 

Marine Order 504 (Certificates of Operation – National Law) 2013 

Marine Order 505 (Certificates of competency– National Law) 

2013 

Marine Order 505 (Approved Endorsements – National Law) 2013 

Marine Order 506 (Approval of Training Organisations – National 

Law) 2013 
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3.2. Rules and Regulations Analysis 

 

Upon commencement of preliminary design work the proposed vessel was analysed against the 

relevant rules and regulations that apply to its operation.  A number of compliance issues were 

identified and the design was modified where possible to eliminate these concerns.  The vessel was 

then reassessed and a summary of the results of this investigation can be seen in Table 2. 

 

Only minor compliance issues now exist and ‘equivalent solution’ examples have been generated in 

order to demonstrate that these issues are only of limited concern and can been readily addressed.  A 

full version of the analysis can been seen in Appendix A – . 

 

Table 2: Compliance Summary 

 

Design Aspect Applicable Rule Compliance Summary 

General 

Requirements 

NSCV  Part B No Compliance issues identified 

Manning NSCV  Part D No Compliance issues identified 

Passenger Vessels 

Requirements 

NSCV/USL  

 

Sect. 5C Part 

II & Part III 

Minor potential compliance issues exist with 

regards to sills on passenger access doors. 

 

Minor potential compliance issues exist with 

regards to the size of windows. 

Part C1 Compliance issues have been identified with 

regards to headroom in seated areas. These 

may be addressed with an equivalent solution  

– see annex 1. 

 

Stability NSCV 

  

Part C6A No Compliance issues identified 

Part C6B No Compliance issues identified 

Part C6C No Compliance issues identified 

Structure NSCV/Lloyds  

  

Part C3 No Compliance issues identified 

SSC Rules No Compliance issues identified 

Fire Safety NSCV  Part C4 No Compliance issues identified 

Engineering NSCV  Part C5A No Compliance issues identified 

Electrical NSCV Part C5B No Compliance issues identified 

Safety Equipment NSCV Part C7A No Compliance issues identified 

Communications 

Equipment 

NSCV Part C7B No Compliance issues identified 

Navigation 

Equipment 

NSCV Part C7C No Compliance issues identified 

Anchoring Systems NSCV Part C7D No Compliance issues identified 

Other 

Requirements 

 

National Law  

 

No Compliance issues identified 
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3.3. Weight Estimate 

 

The weight of the vessel and its longitudinal and vertical position was estimated using a full 

calculation of the structure, materials and onboard equipment.  The summary page can be seen in 

Table 3.  For the purpose of the feasibility study the weight was calculated on a ‘worst case scenario’ 

basis, that is, the heaviest possible form it could take.  This meant both the structural design and the 

stability were verified against this value in order to demonstrate the vessel passes in this condition, 

providing a factor of safety. 

 

The full load condition calculated shows a displacement of 20.78t.  It is thought that the most likely 

full load displacement will be between 19 and 19.5 tonnes.  The weight estimate will be updated prior 

to the detailed design phase based on the most probable situation, in order to optimise the final 

hullform. 

 
Table 3: Preliminary Weight Estimate Summary 

 

 

 

PRELIMINARY WEIGHT ESTIMATE SUMMARY_REV C

Vessel: CM1304 -  20m Trimaran Ferry

Date: 2/01/2013

Prepared By: Kim Chamberlin

Item Mass (kg) VCG (m) LCG (m) VMOM (kgm) LMOM (kgm)

Structure 7400 1.27 10.10 9361.00 74740.00

Furniture 1076 1.65 10.66 1777.48 11470.70

Life Saving Equipment 332 1.63 8.51 541.75 2824.00

Fire Fighting Equipment 252 0.91 9.13 229.72 2303.60

HVAC 310 1.91 4.96 592.00 1538.00

Deck Equipment 364 1.52 14.01 554.10 5091.25

Machinery 1843 0.72 8.00 1321.75 14743.35

Paint & Protection 270 1.16 9.81 314.00 2649.00

Piping 150 0.70 10.00 105.00 1500.00

Doors, Hatches and Windows 1022 2.25 10.04 2300.48 10263.00

Linings/Flooring 289 1.36 9.41 393.64 2717.92

Domestic Equipment 60 1.33 6.00 80.00 360.00

Electrical Equipment 393 1.57 12.59 618.50 4949.00

5% Factor of Saftey 688 1.32 9.82 909.47 6757.49

Total lightship 14449 1.32 9.821 19098.89 141907.31

Full Load Condition

Fluids 778 0.40 9.26 309.31 7207.60

Stores 150 0.72 10.00 108.00 1500.00

Passengers & Crew 5410 1.87 9.55 10100.70 51687.25

Total deadweight 6338 1.66 9.53 10518.01 60394.85

Total (Lightship + Total Dead Weight) 20787 1.42 9.732 29616.90 202302.16

Half Load 17618 1.38 9.769 24357.90 172104.74

Light with Full Ballast 16488 1.21 9.778 19914.36 161217.69



CM1304 –Yarra Shuttle – Preliminary Design Report 2014 

 

11  

 

3.4. Structural Design and Analysis 

 

A preliminary structural assessment has been completed for design number CM1304.  Structural 

calculations have been completed in accordance with Lloyds Register (LR) Rules for Special Service 

Craft (SSC).  The analysis is restricted to general global analysis and has not considered detailed 

design.  All structural components have been designed to meet SSC rule requirements.  A set of 

preliminary structural drawings can be found in Appendix A – Drawings. 

 

3.4.1. General Particulars 

A midship section (section typical of vessel) has been analysed.  The data shown in Table 4 was used 

for the assessment. 

 

 
Table 4: General particulars and data used for structural analysis 

 

Property Units Value 

Basic Data     

Length Overall m 19.83 

Length Perpendiculars m 19.8 

Summer Waterline Length m 19.8 

Rule Length m 19.206 

Depth m 1.4 

Breadth m 2.47 

Summer Draught m 0.914 

Maximum Speed knots 10 

Moulded Displacement Mass tonnes 23 

Water Density kg/m3 1,025.00 

Moulded Displacement Volume m3 22.439 

Block Coefficient 

 

0.518 

Taylor quotient 

 

2.247 

Number of Hulls 

 

3 

Load Line Length m 0 

Sailing Yacht 

 

No 

 

Additional Data     

Craft has Chines 

 

No 

Deadrise Angle deg 22.8 

Support Girth m 1.164 

Side shell deadrise angle at 

0.75Lwl deg 78.1 

Bottom deadrise angle at 0.75Lwl deg 22.8 
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Classification     

Craft Type Multi 

Service Area G1 

Service Type Passenger (A) 

HSC Compliant No 

LDC Compliant No 

Planing No 

 

Craft     

LR Number - 

Project Title Yarra Ferry 

Builder - 

Yard Number - 

Hull Material Composite 

Superstructure Material Composite 

 

Loading     

Draught m 0.914 

LCG from AP m 10 

Vertical Acceleration at LCG g 2.167 

Relative Vertical Speed knots 3.079 

Hull Type 

 

Partially Submerged 

In Contact with Water 

 

Yes 

Waterline Offset from AP m 0 

Operational Parameters 

  Allowable Speed knots 10 

Operating Mode 

 

Displacement 

Froude Number 

 

0.369 

Volumetric Speed Number 

 

11.894 

 

3.4.2. Loading 

 

Loading has been calculated as per SSC rules, the loads shown in Table 5 have been applied. 

 
Table 5: Loading data applied 

 

  Wave Height     

Significant m 0.6 

Maximum m 1 

Surviving m 0.774 

  Additional Data 

  Operational Height m 0 

Air Gap m 0.383 

Girth Distance m 2.74 
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Figure 6: Design Pressures as per SSC requirements 

 

 

 

 
Table 6: Scantling Table 

 

No. Item Outer Layer Core Inner Layer 

A Super 

Side/Inner Deck 

1200 GSM BIA 15mm x 80kg/m
3
 Foam Core 1200 GSM BIA 

B Roof Top 1200 GSM BIA 20mm x 80kg/m
3
 Foam Core 1200 GSM BIA 

C Main Deck 1600 GSM BIA 20mm x 80kg/m
3
 Foam Core 1200 GSM BIA 

D Underwing/Side 

Shell 

1800 GSM BIA 20mm x 80kg/m
3
 Foam Core 1400 GSM BIA 

E - 3600 GSM BIA   

F Demi Hull 

Bottom 

3000 GSM BIA   

G Main Hull 

Bottom 

1800 GSM  BIA 

1200 GSM UNI 

  

H - 2400 GSM BIA   

- Window  Typical window thickness 6mm 
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3.4.3. Typical Frame Analysis 

 

A simplified Finite Element Model has been created to analyse the panels and pillar loading.  Four 

frames have been modelled; some longitudinal members have been omitted for simplicity, this is a 

conservative approach. 

 

3.4.3.1. Model 

 
The model consists of approx. 80,000 shell elements. All laminates have been input as per the 

scantling table in section 3.4.2.  Windows have been modelled to allow the transmission of load only. 

FWD to AFT runs in the Z direction, the vertical direction is in the Y and the Transverse direction is 

in the X axis. The model is fixed in all directions on the 1
st
 and 4

th
 frames.  This approach is valid for 

local analysis but for future works the entire superstructure could be modelled.  The fixity on the 1
st
 

and 4
th
 frames  is taking the place of the pillars/bulkheads.  Symmetry conditions have been applied 

on the YZ axis along the vessels centreline. 

 

 

 

 
 

Figure 7: Model and Restraints  
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3.4.3.2. Pressures 

 

All pressures have been applied as per SSC rules.  Pressures are applied as normal pressures to the 

plate.  Analysis has been conducted on individual members as well as the overall structure. 

 

3.4.3.3. Allowable Stress  

 

Allowable stresses vary depending on the laminate and location; indicative values are as follows; 

 
Table 7: Indicative Allowable Stress Values 

 

Item Stress MPa 

Bottom Outer layer Laminate 57.00 

Bottom Inner layer Laminate -44.10 

Roof Top Outer Layer 76.00 

Roof Top Inner Layer -58.80 

 

3.4.3.4. Results 

 

Max Stress failure criteria has been applied in all three directions.  Multi-axial stress state has not 

been considered, i.e. no interaction between modes of failure have been analysed.  

Plots below show the maximum stress in longitudinal tension/compression (S11), transverse 

tension/compression (S22) and Longitudinal Shear (S12), in any given ply when all global pressures are 

applied. 

 

 

 
 

Figure 8: Max Stress Plot S11 
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Figure 9: Max Stress Plot S22 

 

 

 

 

 

 
Figure 10: Max Stress Plot S12 
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3.4.4. Summary 

 

A preliminary structural assessment has been completed for design number CM1304.  Both empirical 

hand calculations and computer modelling have been utilised. 

 

All structural members currently meet SSC rules with a 20% reduction in required skin thickness 

applied where applicable.  All stresses are below allowable values in Finite Element Analyses.  

Lloyds Registers Detail Design Improvement for Composite Construction has been used for initial 

structural detailing. 

 

The main design driver for almost all laminate weights is the LR required minimum skin thickness 

and as a result minor increases in length and beam of the vessel can be accommodated without major 

structural modification. 

 

Remaining Works to be completed prior to build should include; 

 

• Global model of structure taking into account global loadings (global bending, pitch 

connecting etc.)  Particular attention should be paid to cross structure supporting the genset  

• Detailed local analysis of key areas such as gull wing doors, pillar arrangements, roof top 

• Detailed design and drafting for construction 
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3.5. Stability 

 
Due to the design of the vessel (trimaran) it is by nature extremely stable.  A preliminary stability 

book has been created for the vessel to allow for initial assessment and preliminary approval should 

the vessel’s build commence. 

 

3.5.1. Model 

 

A full 3D model has been created and analysed in Maxsurf’s Hydromax, this can be seen in Figure 11. 

 

 
Figure 11: Stability Model 

 

 

3.5.2. Loading Conditions 

 
A full stability analysis has been completed for three loading conditions; 

1. Lightship 

2. Full load 

3. Half load 

It is important to note that these conditions are not necessarily indicative of typical operating 

conditions but rather have been arranged to cover the full spectrum of possible loading scenarios.  As 

an example, the Full Load Conditions has the maximum allowable passengers (60) along with full 

ballast tanks, where in reality ballast tanks will rarely be used and never with a full load of 

passengers. 

 

The Structural Design Limit (SDL) is based on this condition however given it will be very unlikely 

to eventuate it can be considered to have a reasonable degree of margin. 
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3.5.3. Intact Stability 

 

The craft has been assessed against the current National Standard for Commercial Vessels (NSCV) 

under Part 6 Chapter 5C - Alternative Comprehensive Criteria of General Application in Operational 

Areas D and E.  This means the craft will be restricted in terms of its operational area however given 

the operational profile this will not be an issue.  5C can be considered more rigorous than some of the 

alternate criteria however, given the number of passengers required to be carried, it is necessary, thus 

also providing for some flexibility regarding possible size increases in the vessel should they be 

required by other drivers. 

 

All criteria from 5C.1 to 5C.5 have been assessed; although 5C.4 is not required it has been included 

should any latter changes effect this exemption. 

 

Currently the vessel meets all criteria except for 5C.2 in the lightship condition.  This is considered 

acceptable as the failure is due to a passenger crowding moment and given there will be no passengers 

on-board this state will not actually occur.  The required heel angle is to be less than 15 degrees but 

the actual heel angle is 15.1 degrees so the failure can be considered marginal at any rate, especially 

given there is some scope to increase the required angle if considered necessary. 

 

Key points such as angles of down flooding need to be further refined and updated once the design 

progresses.  Particular attention should be paid to genset down flooding points as due to their location 

increased coamings may be required. 

 

3.5.4. Damage Stability 

 
The craft has been assessed against the current National Standard for Commercial Vessels (NSCV) 

under Part 6 Chapter 8 Criteria for buoyancy and stability after flooding.  A simplified damage 

stability analysis has been conducted and presented in the stability book to ensure compliance.  All 

criteria were met with large margins. 

 

The vessel has been assessed as having a flood risk catergory of III under NSCV Section 6B. 

Flooding hazards to be considered under NSCV are; 

 

• Local flooding 

• Bow Collision 

• Side Collision 

3.5.5. Damage Stability Requirements 

 

Local Flooding; 

 

• Early warning:  detectors required in engine room and other compartments liable to flooding 

(at a minimum 1 detector is required per space). 

• Separation of spaces:  spaces containing hull penetrations are to be separated; steering gear, 

engine room and ballast are all separated with watertight bulkheads. 

• Measures to control local flooding causing capsizing:  the vessel is arranged in such a way 

that the flooding of a single compartment will not cause capsizing. 

Whilst there is no minimum amount of watertight bulkheads required for this vessel under NSCV, 

a sufficient amount have been incorporated in the design to allow the vessel to comply with 

sections 8.4 and 8.5 of part 6. 
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Collision; 

 

• A collision bulkhead is to be fitted which will give adequate reserve buoyancy to ensure 

stability and manoeuvrability/control in the instance of a bow collision. 

 
 

Figure 12: Red Zones Showing Damaged Compartments  

 

 

• In the case of a side collision the vessel is required to have adequate protection along the 

entire length of vessel aft of the collision bulkhead.  Due to vessel being a trimaran the side 

protection is exceptionally high as seen below in figure 11 which demonstrates a heel angle of 

less than 3 degrees when two compartments of the demi hull are flooded (a case more onerous 

than regulations require). 

 
Figure 13: Red Zones Showing Damaged Compartments 

 
 

3.5.6. Summary 

 

The vessel meets all current requirements other than one minor failure as discussed in intact stability.   

The vessel has some margin for future changes should they be required. 

 

Future works will be limited to a more comprehensive analysis of damage stability, attaining approval 

of the preliminary stability book and then the preparation of the final stability book upon construction. 
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3.6. Resistance and Propulsion

 

3.6.1. Resistance and Powering Prediction

 

The power required to propel the vessel was p

was slender body theory, an analytical method

method.  This method computes the energy in the free surface wave pattern generated by the vessel 

and hence the wave resistance of the vessel. To calculate the total resistance the viscous resistance 

component was calculated using the ITTC’57 friction coefficient calculation method.

 

The second estimate was calculated empirically using data collected by Cha

designs and experimentation.  This is assumed to be the most accurate of the two for this particular 

hull shape and is considered the best estimate without utilising tank testing or CFD analysis.

 

Based on past experience with si

lower speed range and over estimate the upper.

 

 

 

  
Figure 
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The power required to propel the vessel was predicted using two methods.  The first

analytical method based on the so-called slender ship or slender body 

computes the energy in the free surface wave pattern generated by the vessel 

ence the wave resistance of the vessel. To calculate the total resistance the viscous resistance 

component was calculated using the ITTC’57 friction coefficient calculation method.

The second estimate was calculated empirically using data collected by Chamberlin Marine from past 

designs and experimentation.  This is assumed to be the most accurate of the two for this particular 

hull shape and is considered the best estimate without utilising tank testing or CFD analysis.

Based on past experience with similar hullforms the slender body method tends to under estimate the 

lower speed range and over estimate the upper. This can be seen in the results presented in 

Figure 14: Preliminary Powering Prediction 

 

Preliminary Design Report 2014 

.  The first method utilised 

ship or slender body 

computes the energy in the free surface wave pattern generated by the vessel 

ence the wave resistance of the vessel. To calculate the total resistance the viscous resistance 

component was calculated using the ITTC’57 friction coefficient calculation method. 

mberlin Marine from past 

designs and experimentation.  This is assumed to be the most accurate of the two for this particular 

hull shape and is considered the best estimate without utilising tank testing or CFD analysis.   

milar hullforms the slender body method tends to under estimate the 

This can be seen in the results presented in Figure 14. 

 



CM1304 –Yarra Shuttle – Preliminary Design Report 2014 

 

22  

 

3.6.2. Electrical Propulsion Systems 

 

A rudimentary analysis of the required propulsive power and onboard power loads was conducted 

based on the following approximated figures; 

 

• Propulsion:  7.5 kW/10 Hp at 5 knots  -   64 kW/ 83Hp at 10 Knots  

• Air-conditioning:  5 kW electrical 10 kW Btu 

• Bow thruster:  5kW 

• 12 V DC House loads: 1kW (Navigation lights, cabin lights, door opening mechanisms, 

instrumentation, communication,12v dc outlets for USB plugs for Skipper and Docking flood 

lights) 

 

The return route requires 2.6 Nm at 10 knots and 2Nm at 5 knots, power required for berthing and air-

conditioning running at all times. The projected power consumption per hour is therefore 27.3 kWh as 

shown in Figure 15. 

 

  
 

Figure 15: Projected power consumption 

 

Three possible methods were considered for electrical based propulsion and were analysed against the 

requirements of achieving minimal operating and maintenance costs whilst providing maximum 

reliability using commercially available products.  As reliability is a key requirement for a public 

transport system, it is suggested that the most prudent course of action would be to begin by utilising 

current ‘off the shelf’ products that have been commercially proven and tested, with no development 

of product required and with the backing of a service and parts network to assure the success of the 

project. 

 

As there will be multiple vessels in service (including an additional vessel for maintenance schedules) 

it would be an ideal platform for research and development once the vessels are in service and full 

scale data collection is possible.  The ideal scenario would be to conduct the R&D on one vessel to 

confirm the results before implementing on the entire fleet.  The ultimate aim of this work would be to 

eliminate the need to have diesel generators all together.  The foremost piece of technology required 

for this would likely be the addition of wireless fast charging facilities at each of the stops along the 

route. 

 

The three systems considered for the vessel are ‘parallel electric/diesel hybrid’, ‘series electric/diesel 

hybrid’, and ‘full electric’.  Hybrid systems are not new to the marine industry and have been in use 

for some time (mainly in larger vessels), including cruise liners, tugs and fishing vessels. The market 

is large enough to warrant a dedicated international trade show, the next being held in June this year.  

See for more info: (http://www.electricandhybridmarineworldexpo.com/exhib_list.php) 

 

This vessel however is in the power range that is generally smaller than hybrid systems available for 

commercial vessels and larger than the range of pleasure equipment available for hybrid applications.   

Additionally, the air-draft limitation and resulting size restrictions for onboard engineering equipment 

make this vessel a unique challenge requiring a fresh look at possible arrangements. 

Nautical 

Miles

Knots Time       

(min)

Energy Used 

(kWh)

Slow Section 2 5 24 3

Open Section 2.6 10 15.6 16.64

Berthing Power 0 0 20 1.67

Air-conditioning - - 60 5

House Loads - - 60 1

Total 27.31
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3.6.3. Parallel Hybrid 

  

This option possibly offers the best risk management scenario - if the electrics fail the diesel engine 

still operates, if the engine fails the electrics will be sufficient to return the vessel back to base but the 

battery system will then require charging. 

 

Two Australian dealers have parallel Hybrid systems; 

• Steyr is integrated into the drive which requires you to utilise the Steyr motor 

(http://www.steyr-motors.com.au) 

• Master volt is belt drivin off the shaft which is a potential maintenance problem but allows 

your choice of motors. (http://www.mastervolt.com.au/marine/products/e-propulsion/) 

 

The primary obstacle is difficulty fitting the units under the floor (height wise) given the restrictions 

placed on the vessel.  Another issue with parallel systems is the requirement for two throttle controls, 

one for Diesel drive and one for Electric drive mode This demands more input from the skipper of the 

vessel to change over at the appropriate times in order to get optimum performance out of the system.  

Having to start engines up continually throughout the day may become an irritation and result in the 

system not being utilised. 

 

The conclusion arrived at is that using commercially available parallel systems would not be 

successful in this instance, both systems deliver insufficient power in regards to KW power ratings 

and brought a higher degree of complication to both maintenance and user. 

 

3.6.4. Full Electric 

 

This is the most technically simple of the three systems involving the least parts both mechanical and 

electrically and with motors and controllers available in the kW ratings needed.  Both a single motor 

and dual motor system was investigated; bow being for lateral thrust and propulsion, stern motor for 

propulsion.   Using electrics there is an opportunity to also make the rear motor azimuth, removing the 

rudder and adding to overall maneuverability of the vessel. 

 

The down-fall of full electric is the batteries; with current technology not yet of enough energy 

density to power the vessel for a practical time period. Battery swapping was one method 

investigated, leaving depleted batteries on shore to be charged at a land based station. Unfortunately, 

there is not a practical location for this on the proposed route and the time required to swap the 

batteries reduces the number of runs a vessel can achieve within a day.  Wireless charging was also 

considered but this technology is still in its infancy and not easily available. 

 

This meant eliminating full electric in the short term which is unfortunate as it has the potential to 

have the lowest operating costs.  It is recommended however that this could be the ultimate goal for 

the vessels in the future as the required technology advances. 
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3.6.5. Series Hybrid 

 

The proposed system here features batteries within the hull  (under floor), a rear electric drive motor 

and a forward bow thruster which, if configured as an azimuthing unit, could also be used for forward 

propulsion.  Two DC generators would be located on the wings within sound reducing enclosures. 

 

DC Air conditioning would be utilised as well as cogeneration from generators to heat vessel cabin 

when needed.  Solar panels can added to system power, plus the option of wireless charging can be 

explored to lower onboard charging time. 

 

Fisher Panda is offering a series hybrid system (see link 

http://www.fischerpanda.de/products/eng/6760.htm).  Of the known suppliers they have been the most 

active in this area for over 10 years and as a generator manufacturer they are likely the best placed to 

design and support the initiative. They have an international presence and use one of Australia’s 

largest marine wholesalers as their agents meaning fast and reliable access to parts and service.  ().  

 

In this power range systems are by custom order only.  The unit utilizes 288V DC drive motors and 

DC generators all can be monitored though the Fisher Pander  C3Cockpit display. 

(http://www.fischerpanda.de/products/eng/6776.htm) 

 

In regards to air-conditioning Fisher Panda have DC units that can be driven directly off batteries, 

negating the need for DC -AC inverter, increasing efficiency and removing another  component for 

possible failure (see http://www.fischerpanda.de/products/eng/9206.htm).  As an additional option 

you can utilise hot water off the generators for cabin heating (cogeneration). 

 

3.6.6. Supposition 

 

The Fisher Panda ‘series hybrid’ system fulfills the requirements for a successful propulsion and 

house electrical system without R & D work. The use of the well known Fisher Panda products and 

engineering expertise should bring a greater level of security to the project and reduce the chances of 

technical difficulties.  It can be a reasonable assumed that a company of this size and standing within 

the industry can provide continuing back up over the life of the vessels. 

 

As mentioned previously however, the exploration of the option of full electric in the future, once the 

vessels are in operation, is encouraged.  With the advantage of real time data the option of wireless 

charging could be investigated and developed with greater certainty.  Battery technology is also 

continuing to improve both in regards to capacity and cost efficiency and as such electric systems are 

constantly becoming more feasible. 

 

The following links are in relation to systems currently being trialed that may be of interest; 

  

http://cleantechnica.com/2012/10/18/e-moss-testing-completely-climate-neutral-wireless-charging-

bus-in-netherlands/ 

http://cleantechnica.com/2013/12/10/eaton-introduces-wireless-charging-in-europe/ 

http://cleantechnica.com/2013/05/31/abb-unveils-flash-charging-electric-bus/ 

http://evobsession.com/plugless-ev-charging-gets-more-affordable-thanks-to-bosch/ 

http://evobsession.com/active-wireless-charging-for-electric-buses-in-korea/ 

http://evobsession.com/wireless-power-transmission-for-transit-trains-harbor-freight-etc/ 
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3.7. Cost Estimate 

 

The construction cost has been estimated based on a typical commercial construction and does not 

necessarily reflect the actual procurement cost.  Tendering builders may deem it necessary, when 

pricing, to take into account the high profile nature of the vessel, the nature of the tender, the contract 

risk or any risk associated with the party procuring the vessel. 

 

This price also does not include any of the following; 

 

• Any remaining design costs or specialist consultants 

• Owner’s representatives or any cost associated with the procurement outside of the contract 

with the builder 

• Costs associated with MYKI or any ticketing equipment 

• Costs associated with shore based infrastructure 

 

The results of the preliminary cost estimate can be seen in Table 8. 
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Table 8: Preliminary Cost Estimate Summary 

 

 

 

PRELIMINARY COST ESTIMATE SUMMARY

Vessel: CM1304 -  Trimaran Ferry

Revison C

Date: 4/01/2014

Prepared By: Kim Chamberlin/Robin Chamberlin

Vessel Costs Material Cost ($) Labour Cost ($)

Structure $44,113.08 $137,120.00

Furniture $18,930.00 $19,920.00

Life Saving Equipment $9,980.53 $5,760.00

Fire Fighting Equipment $12,710.00 $3,960.00

HVAC $22,400.00 $6,080.00

Deck Equipment $20,716.49 $10,040.00

Propulsion & Machinery $147,420.00 $39,040.00

Paint & Protection $23,700.00 $18,320.00 *Based on Moulded Hull

Piping & Pumps $13,215.00 $13,960.00

Doors, Hatches and Windows $38,450.00 $22,880.00

Flooring & Linings $10,920.00 $11,780.00

Domestic Equipment $1,900.00 $1,600.00

Electrical Equipment (House) $20,814.90 $18,000.00

Consumables $29,930.00 -

5% Factor of Safety $20,760.00 $15,423.00

Sub Total $435,960.00 $323,883.00

Project Management $121,160.00

Survey Fees & Associated Costs $17,000.00

Launch & Commissioning $12,700.00

Legal & Contract Management $7,500.00

Overheads $87,720.00

Total Cost $1,005,923.00

Markup 1.20

Margin $201,184.60

Sell Price (SIngle Vessel) $1,207,107.60

Estimated Mould Construction Costs $129,520.00

***Hull, Underwings, Floats, Decks, Cabin

Contract Arrangement Vessel Cost

Mould Cost         

(Per Vessel)

Estimated Price     

(Per Vessel)

Single Vessel $1,207,107.60 $129,520.00 $1,336,627.60

Two Vessels $1,124,397.22 $64,760.00 $1,189,157.22

Three Vessels $1,090,349.43 $43,173.33 $1,133,522.76

Four Vessels $1,071,382.24 $32,380.00 $1,103,762.24

Five Vessels $1,060,779.24 $25,904.00 $1,086,683.24

***NOTE: 'Vessel Cost' Includes savings factor for setup costs, labour/management efficieny, contract costs and overheads

*** No Allowance for MYKI or costs associated with ticketing - no allowance for any shore based infastructure
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4. Current Level of Design Detail 

 

The design spiral shown in Figure 16 is included to demonstrate the iterative process undertaken 

within vessel design. This particular vessel is unique in that the design is a completely innovative 

approach and as such, requires a greater number of revolutions of the design spiral.  In designing most 

vessels the first revolution is quickly achieved using past experience, data from past designs or a 

survey of similar vessels.  Each stage of the spiral is also simplified by utilising processes developed 

in past designs and by possessing good reference points by which results can be verified. 

 

At this stage multiple revolutions of the spiral have been conducted such that all areas have been 

adequately analysed to a level considered appropriate to begin detailed design work.  The concept has 

been verified as ‘feasible’ and from this stage (once detailed requirements such as preferred 

propulsion methods and on-board equipment have been confirmed) each individual design element 

can begin to be locked in.  Once the entire design is fixed, detailed drawings for construction can be 

produced. 

 

 
Figure 16:  Design Spiral for the proposed ‘Yarra Shuttle’ 
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5. Suggested Further Work 

 

A number of areas have been identified which we suggest require further investigation prior to 

production. These include but may not be limited to: 

 

 

• Specialist analysis of HVAC requirements to properly determine system size.  The gull-wing 

doors provide a particular complication here for heat loss. 

 

• Full electrical load analysis – including HVAC.  This is of particular importance to the 

electrical and propulsion system selected. 

 

• Analysis of disabled access and ergonomics, a number of possible alternate solutions may be 

feasible to improve this. 

 

• Detailed design of the supporting structure that will allow single level access across the vessel 

for wheel chairs if they should be required to embark and disembark from opposite sides. 

 

• Detailed design of ‘gull-wing’ doors including investigation into use of automated 

opening/closing. 

 

• Analysis of boarding ramp requirements based on current infrastructure and the various vessel 

loading conditions. 

 

• Structural design and relevant discussions with surveying authority in regards to wrapping the 

side windows over onto the cabin top.  It is envisaged that this could be achieved with only 

one or two moulds in order to keep costs to a minimum.  It is thought that this added 

complexity would be well worth the expense for the increased view from the passenger 

seating. 
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