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executive summary
the PNG TRIumph is a concept 

design produced to satisfy the re-
quirements set forth by the World-
wide Ferry safety association’s 2014 
Ferry Design competition. With the 
aid of industry and faculty men-
tors, this project was undertaken 
by five graduate students from the 
university of British columbia. this 
vessel is intended to operate on the 
750 nautical mile route between the 
Papua New Guinean cities of Lae and 
Kavieng. safety considerations were 
of prime importance during the 
design, with the overcrowded rabaul 
Queen capsizing along this route in 
2012. the TRIumph is intended to be 
innovative, providing superior stabil-
ity while maintaining its affordability. 
Further safety, affordability, and 
innovation design considerations are 
detailed below. 

Safety

Rules & Regulations
•  Designed to Lloyd’s register 
100a1 Passenger Ferry tri specifica-
tions
•  compliance with sOLas 2000 
with 2 compartment flooding
•  accommodation spaces designed 
to mLc 2006 specifications
•  compliance with 2008 imO intact 
stability code

Stability
•  increased damage stability redun-
dancy due to mono-tri hybrid design
•  survivability with at least 258% 
passenger overcrowding

Operational Safety
•  Greater sea keeping performance 
compared to equivalent monohull or 
catamaran 
•  side hull flare improves roll and 

heave damping 
•  Higher cross-deck structure 
height reduces wave slamming 
impacts
•  Large double bottom and cross-
deck structure allow for ease of 
construction and safer maintenance
•  increased manoeuvrability, redun-
dancy, and control during docking 
with the addition of a bow thruster 
and twin propeller azimuth drives 

Safety Equipment
•  Quick deployment chute evacua-
tion system allow for evacuation of 
215 persons in 11 minutes
•  two 101 person life rafts per side
•  two sOLas approved fast rescue 
boats located on car deck for quick 
launching in emergencies
•  One 50 person lifeboat per side
-easy to follow evacuation routes to 
muster areas
•  conveniently located life vests 
under seats and in cabins

Innovation

•  Hull selection feasibility study was 
done to arrive at superior tri-mono 
hybrid hull form 
•  Optimal side hull length and 
location for increased manoeuvring 
performance, deck space, and wave 
cancellation effects
•  excellent stability characteristics 
allow for ballast-less operation lead-
ing to reduced lifecycle costs and 
maintenance
•  counter-ballast in opposing side 
hull helps correct heel if a side hull is 
flooded
•  selected propeller system opti-
mizes for maximum manoeuvrability 
and efficiency 
•  Large deck area with a trimaran 
permits easy future adaptability 

to other markets while maximizing 
revenue from cargo
•  Longitudinal and transverse hybrid 
framing system helps reduce cost 
and weight 
•  convenient and pleasing viewing 
areas located throughout the vessel 
increasing passenger enjoyment
•  accessible design features larger 
cabins, restrooms, hallways, and 
multi-deck lift access
•  modular cabin design for ease in 
manufacturing
•  if acquisition cost permits, solar 
panels could provide large savings

Affordability

•  Hull form uses hard chine, fully-
developable geometry to simplify 
and reduce construction costs as 
well as allow for production in less-
sophisticated shipyards.
•  Hybrid framing system designed 
to reduce man-hours and cost
•  twin propulsion and engine ar-
rangement offers increased efficien-
cy and wider power operating range
•  structure designed with mild steel 
to minimize material and assembly 
(ie. welding) costs  
•  Designed with block construction 
and pre-outfitting in mind
•  medium speed diesel engines 
reduce operating costs
•  Large deck area permits easy 
future adaptability to other mar-
kets while maximizing revenue from 
cargo
•  excellent stability characteristics 
allow for ballast-less operation lead-
ing to reduced lifecycle costs and 
maintenance
•  enclosed free space was mini-
mized throughout the vessel to dis-
courage overcrowding and minimize 
air conditioning loads
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HuLL FOrm seLectiON
One of the first major deci-

sions when designing a new ship is 
the type of hull to use. in the early 
stages of the TRIumph project, well 
before it had its name or even a con-
ceptual size, it was not immediately 
apparent that the final vessel would 
be a trimaran. in fact, many hours 
were spent discussing the advan-
tages and disadvantages of each hull 
type. 

to fully comprehend the perfor-
mance benefits of all alternatives a 
very extensive and thorough analy-
sis would be done. However, as in 
most environments involving ship 
design, time was limited. therefore, 
as typical with many naval archi-
tecture assessments, a qualitative 
rather than quantitative approach 
was used in the hull form selection. 
unfortunately theses assessments 
are generally based upon experi-
ence, a quality the designers of the 
TRIumph were and still are limited in. 
consequently, knowledge of varying 
hull forms was gathered from a wide 
variety of published sources (see 
references list) and correspondence 
with industry.

Following are the major facts of 
the three hull types originally con-
sidered as well as a comparative 
table referenced during early design 
(andrews, 2001).

monohull

Advantages
•  High carrying capacity
•  versatile in most environments
•  simple to operate, maintain and 
construct
•  Lower building cost
•  easier docking 
•  Lighter structure
•  Good manoeuvrability

•  simple general arrangement (i.e. 
one machinery space)
•  Lower risk (it’s been done before)

limitations 
•  Higher power requirements at 
increased speeds
•  Poor operability in rough seas
•  requires larger beam for high 
stability
•  reduced damage stability

catamaran

Advantages
•  Large deck space
•  increased roll stability 
•  Decreased resistance at high 
speeds
•  increased manoeuvrability 

limitations
•  uncomfortable “cork screwing” 
motion in open seas
•  requires large cross deck struc-
ture
•  Highest structural weight overall
•  relatively expensive and compli-
cated to construct
•  requires two hull machinery 
spaces
•  more difficult maintenance due to 
small machinery spaces

trimaran

Advantages
•  Lowest power requirements at 
medium to higher speeds
•  increased damage and roll stability
•  Large carrying capacity and deck 
space
•  Best operability 
•  increased comfort in open seas
•  increased weight efficiency com-
pared to catamaran
•  One central machinery space

•  increased adaptability 

limitations
•  Generally longer, harder to ma-
noeuver and dock
•  requires a cross deck structure 
(although less stringent than a cata-
maran)
•  more complicated construction 
compared to monohull

a multi criteria decision matrix of 
the three hull types considered was 
formed using preliminary findings 
and anecdotal evidence provided by 
industry.  this was perceived as the 
best approach to choosing an opti-
mum hull given the time constraints. 
categories were established and 
weighted by the TRIumph designers 
based upon their respective signifi-
cance according to the mission pro-
file. the hull types were then ranked 
in each category on a scale from 1 
to 5 and a total weighted score was 
established for each vessel type. as 
seen below, major emphasis was put 
upon affordability, safety and the 
intact and damage stability of the 
vessel. Passenger comfort was also 
given high importance.

Nevertheless, the designers feel that a monohull 
comparison is more valid as it is a more conven-
tional hull type, it is the type currently in service 
in the PNG region, and it would almost certainly 
be the hull form selected if not for the trimaran.

Reference monohulls for comparison

in terms of general stability, the TRIumph was 
compared to the robert allan Ltd. (raL) designed 
50 m rOrO ferry and the winner of last year’s 
WFsa competition, the uBc designed Bangladesh 
River Ferry.

in terms of general powering, the TRIumph was 
once again compared to the RAL RORO. the uBc 
ferry was not considered a valid comparison due 
to the nature of the environments for operation 
(shallow river vs. deep ocean).

a table of particulars for the three vessels is 
shown below (please refer to the stability and 
powering sections to view the comparisons).

it is the wholehearted wish of the TRIumph team that the 
reader will come to agree with this statement at the conclusion 
of this report. to re-enforce this, comparisons were conducted 
between the TRIumph and multiple reference monohulls where 
possible. No suitable data existed to compare to catamarans. 

A comparative table of varying vessel types. The reader should focus 
on the monohull, catamaran and trimaran. (Andrews, 2001)

The trimaran hull form scored the best according to the criteria set by 
the TRIumph designers.

multi criteria decision matrix

Requirements Weight Mono Cat Tri

cost of manufacturing 18.5 4.5 2.5 3

intact stability 17.5 3 4.5 4

Damage stability 15.3 3 3 4.5

Passenger comfort 10.0 3.5 3.5 4

Payload capacity 7.6 3 4 3.5

Hull resistance 10.5 4 3 3.5

manoeuvrability 5.0 3 4 2.5

maintenance 8.6 4 3 3

innovation 7.0 2 4 4.5

ScORE 100 345 342 367

The trimaran was      

determined to be the 

most ideal hull form to 

meet competition re-

quirements as well as 

the standards set by the 

designers.

vessel Particulars

PNG 
TRIumph

RAL 50m 
RORO

UBC Ban-
gladesh  
River Ferry

vessel type trimaran monohull monohull
LOa (m) 63.4 53.9 56.7
LWL (m) 60.2 50.2 54.7
Beam (m) 16.5 12.1 12.7
Draught (m) 3.7 3.0 2.4
midship area (m2) 29.6 30.6 21.4
Displacement 
(tonnes)

1174 982 791

cb 0.55 (main) 
0.64 (sides)

0.53 0.47

cp 0.66 (main) 
0.91 (sides)

0.64 0.68

L/B overall 3.65 4.14 4.3
B/t overall 4.46 3.98 5.3

Design speed (kn) 14 14 10
Passenger 
capacity

256 100 500

auto capacity 36 20 -
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WeiGHts & vOLumes
the determination of space and 

volume requirements is a pivotal 
problem in the design of passen-
ger ships. this task was tackled in 
parallel with that of hull form selec-
tion. requirements for the hull and 
superstructure were treated sepa-
rately to promote clarity. the hull 
was split into tanks and machinery 
spaces. the superstructure was split 
into categories of crew, passenger, 
safety, and miscellaneous spaces 
(see appendices).

it was hypothesised that if the 
required deck area and volume was 
identified, the approximate hull 
parameters could be estimated 
and guesstimate of the number of 
vehicles could be made. these esti-
mates of areas and volumes would 
then partially hint at the feasibility 
of the potential hull forms in ques-
tion. Further yet, a completed list 
of required areas would allow the 
preliminary design of the general ar-
rangement to begin and promote a 
more holistic approach to the design 
process. essentially, this approach 
allowed the design team to catego-
rize the “musts” and the “wants” 
for the project and allowed for the 
parametric exploration of the design 
space. as data on many mono hull, 
catamaran, and trimaran vessels 
had been accumulated, the design 
team was free to vary the 3 principle 
dimensions in order to obtain the 
required volume and area.

initial areas and volumes were 
estimated through the use of coef-
ficients for passenger vessels pre-
sented in “Practical ship Design”, 
independent research, and industry 
feedback. spaces were either a 
function of their required volume 

a summary of the tank capacities 
can be found on page 14 with per-
tinent calculations in the appendix. 
Finally, volumes were transformed 
into a lightship weight through the 
use of coefficients provided in sBsD 
and by industry. a preliminary light-
ship weight breakdown can be seen 
in the table on the right. 

in fact, excluding margins, the final 
lightship weight was within 1% of 
conceptual lightship weight. Never-
theless, the design team was cog-
nicent of the fact that these values 
may still be inaccurate and a more 
detailed analysis should be done 
in the next iteration of the design 
spiral. 

an ordinary frame in way of the machinery space at frame 22 
(see strucural design section). these section weights were then 
extrapolated for the length of the vessel with appropriate mar-
gins applied to areas of higher or lower curvature (see appendi-
ces for a detailed structural weight calculation). the machinery 
weights were a function of the selected machinery and coef-
ficients provided by industry. Outfitting weights were largely a 
function of the calculated cabin weights with additional weight 
being added for outfitting in machinery spaces via coefficients. 
a more detailed breakdown of the final lightship weight can be 
found in the appendices. 

comparing the final lightship with the conceptual lightship 
weight, it can be seen that there is approximately a 6% differ-
ence. the design team was surprised at the accuracy of the 
various weight coefficients used in the concept design stage. 

final lightship weight

the final lightship calculation was done using the typical 
sWBs sections. it should be noticed that group 300 is missing 
from the table below. this was because the weight coefficient 
utilised for group 400 includes a weight margin for group 300.  
the majority of weight is attributed to group 100 as expected. 
the structural weight was calculated by using the determined 
scantling weights for a typical web frame around amidship and 

or area. margins were included to compensate for errors and a preliminary volume for 
the superstructure was calculated. crew space requirements were ultimately dictated by 
mLc 2006 guidelines. 

Next, areas and volumes for the hull were determined. machinery and technical 
spaces were calculated using coefficients presented in Kai Levander’s “system Based ship 
Design” (sBsD) approach. a preliminary power estimate was found through research of 
similar vessels and industry feedback. this power estimate was then translated into a vol-
ume via appropriate coefficients. the tanks were calculated as per mission requirements. 
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HuLL FOrm DeveLOPmeNt
Introduction

this section outlines the design 
methodology utilised in the develop-
ment of the PNG TRIumph. sections 
are broken up into centre hull and 
side hull development. 

Reference vessels

existing vessels were analysed 
which provided a base from which to 
start from. the two main vessels that 
were examined were the Benchijigua 
and White rabbit as seen in the fig-
ures below, respectively. 

these vessels provided a basis for 
the development of a long, slender 
centre hull (L/B =7) while maintain-
ing relatively small outriggers (<6% 
of total displacement each as out-
lined by Lloyd’s register). complete 
list of design parameters  can be 
found in the appendices. 

centre Hull development

Reference Hull forms
several existing hull forms were 

analysed that were believed to meet 
the general hull requirements. Due 
to manufacturing complexities, as 
well as low block coefficients, the 
NPL, DD 692 and series 60 hulls 
(shown in figures below) were only 
used as a visual reference.

design Process
the centre hull went through 

much iteration. in order to reduce 
manufacturing costs, the initial 
design involved a wall sided hull 
form with a single hard chine. these 
efforts produced a very boxy hull as 
seen below. the next iteration saw 
the stem smoothed and the transom 
brought much closer to the water 
line. these changes helped to reduce 
the overall hull resistance but still 
had several areas with abrupt transi-
tions that were affecting the flow 

patterns around the vessel.
the final iteration of the centre 

hull created a smooth hull from bow 
to stern while maintaining a single 
hard chine. the transom was effec-

tively tapered to reduce drag as well 
as maximize space for the propeller. 
the final centre hull can be seen 
below. 

Outrigger development

the initial outrigger design was 

conceived using Lloyd’s guidelines 
for maximum displacement (6% 
each) and length (60% of total) while 
maintaining a simple, boxy design 
similar to the initial centre hull 
design. the initial concept was an 
asymmetric inboard configuration 
which can be seen below. 

upon further research, a study 
illustrating the effects of hull inter-
ference for trimarans was utilised 

(ackers et al., 1997). Depending on 
the Froude number at which the 
vessel would be operating at, plots 
were developed which illustrate the 
most effective placement and type 
of outrigger that should be used. 
For this scenario (Froude Number 
of 0.3) the outrigger design was 
changed to a symmetric shape that 
was centred at midship. the trans-
verse placement of the outriggers 
was also chosen to maximise wave 
cancellation effects. 

the final outrigger design (shown 
below) incorporated the information 
from the aforementioned study as 
well as similar characteristics devel-

oped in the centre hull. the outrig-
gers were smoothed to eliminate 
hard transitions and the supports 
were extended closer to the water-
line to improve the vessels heeling 
characteristics. 

 final design

the final design of the hull can be seen below. a skeg was added to the 
centre hull and extra support was added to the stern of the outriggers for 
structural reasons. the overall beam of the vessel was determined by the ve-
hicle deck requirements and in turn determined the placement of the outrig-
gers.  the final beam, waterline length and draft of the hull were 16.5m, 60m 
and 5.7m, respectively.  a complete lines plan can be found in the appendices. 
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vesseL OvervieW
Introduction

the following section outlines the principle particulars  and operating 
profile of the PNG TRIumph. Further opportunities for implementation in 
indo-Pacific markets are also explored. 

Area of Operation

the TRIumph will operate between the four Papua New Guinea cities de-
tailed in the figure below. Lae has a population of 100,000, with its constitu-
ent province of morobe having a population of 650,000. city and region 
populations are illustrated in the figure below through the circle and ring 
marker diameters, respectively.  Distances and approximate transit times 
with a 14 knot design speed are also detailed. 

With a range of 1,000 nautical miles, the vessel is capable of travelling 
between any two of the four cities. However, this is dependent on the port 
facilities and replenishment capability of each city. Based on population, 
it is likely that Kaveing will not be visited during each excursion. excluding 

the Kaveing arm, the TRIumph would be able to sail twice weekly along the 
Lae to rabaul route, with ample time allotted at port. this is similar to the 
former rabaul Queen, which sailed from Lae to rabaul twice weekly.

further Opportunities for Implementation

the south Pacific contains numerous developing island nations and there 
are diverse opportunities for a safe and affordable ferry. these nations 
range from indonesia, with a population of 240,000,000 to Niue, with a 
population under 1,500. a trimaran offers a stable, safe design which may 
be utilized across a broad range of ferry capacities. the TRIumph is viewed as 
suitable for overnight voyages between cities supporting regions with popu-

lations between 100,000 to 300,000. the TRIumph’s capacity would exceed 
or be insufficient for populations outside of this range. 

the adjacent figures show potential TRIumph routes for indonesia and are 
based off of existing ferry routes. the vessel likely has too large of a capacity 
for much of the sparsely populated south pacific. Western indonesia has the 
population base to support the TRIumph and routes from the metropolitan 
centres of surabaya and makassar are shown. the TRIumph has multiple imple-
mentation opportunities beyond Papua New Guinea and it is highly suitable 
for nation archipelagos such as indonesia and the Philippines. 

classification and Regulation

the ferry will operate solely within PNG territorial waters and will likely re-
quire subsidy from the PNG government.  Due to this relationship, it is logical 
that the TRIumph will be registered under Papua New Guinea and will thus be 
subject to its regulations. 

the vessel will be built according to Lloyd’s register,                100a1 Passenger 
Ferry tri regulations. Lloyd’s register was selected due to its large presence 
within the south Pacific. the nearest office located in cairns, Queensland, a 
distance of 840 Nm. 

the safety aspects of the TRIumph were developed in accordance to sO-
Las and imO intact stability regulations. Last, the crew space was designed to 
meet mLc 2006 accommodation and lavatory requirements. 
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GeNeraL arraNGemeNt
the following sections detail the 

major considerations during the 
General arrangement (Ga) develop-
ment.

class Separation
an important consideration in the 

Ga design was establishing adequate 
separation between the different 
fare grades. this was to ensure that 
facilities provided for higher-fare 
passengers are not utilized by the 
lower fare grades. the passengers 
were divided into economy, pre-
mium, and cabin classes. cabin and 
premium classes were provided 
with combined common areas to 
minimize duplication of facilities, 
floor space, and operating costs. 
economy class was provided with its 
own facilities and will be separated 
during normal operation. economy 
class will be most prone to over-
crowding and it was thus desirable to 
compartmentalize it from other ship 
areas to minimize the risk of over-
crowding throughout the vessel. 

Safety
Passenger overcrowding risks 

decreasing the metacentric height 
to unsafe and unstable levels. to de-
crease this effect, the major passen-
ger areas were placed on the lowest 
superstructure deck. the economy 
class, which will be most prone to 
overcrowding, was entirely con-
strained to this deck. this ensures 
that during overcrowding events, 
the cumulative passenger weight 
will be at minimal distance from the 
water. a small enclosed free space 
was allotted to economy to decrease 
the area available for overcrowding. 
Last, a minimum of two means of 
egress were provided throughout 
the vessel. these were distributed 

for easily navigable pathways to 
the liferafts and lifeboats during an 
emergency. 

Accessibility
the vessel was designed to al-

low for universal passenger access, 
regardless of mobility issues. two of 
the twenty passenger cabins were 
modified to accommodate wheel-
chair patrons. these cabins have 
minimum 1525 mm clearances to 
allow for wheelchair manoeuvring 
throughout. a central lift was pro-
vided to allow for disabled passenger 
movement between decks. 

Affordability
enclosed free space was mini-

mized throughout the vessel to 
decrease air conditioning loads and 
thus operating expenses. to de-
crease construction costs, modular-
ized cabins were utilized and com-
plex geometry, such as curvature, 
was minimized to increase manufac-
turability. 

the following section details the 
design selection of safety areas and 
equipment in the PNG TRIumph. 

Safety Equipment and Areas
the international convention for 

the safety of Life at sea (sOLas) 
governed the selection of safety 
equipment for the concept design as 
well as specific design features.  

•  Lifeboats/Liferafts placed on 
main passenger deck to provide 
minimal travel distance to evacua-
tion points. Lifeboat, liferaft, and the 
fast-response vessels’ size and ca-
pacities are detailed in the adjacent  
table. the fast response vessels were 
placed on the car deck to facilitate 

the ferry will be loaded and unloaded over the stern for maximum safety and efficient use of deck space.  Passen-
gers are located on the two decks above the main car deck, and crew are located on a lower deck situated above the 
deepest load waterline. Officers are located on the upper deck close to the Bridge.  ‘tween deck heights for lower, 
car, 01 and 02 decks are 2.4, 3.5, 2.75 and 2.75 metres respectively.

seating 
differences 

between 
economy 
(top) and 
Premium 

(bottom). 
spacing is 
based on 

european 
train stan-
dards with 

lifejackets to 
be located 

under each 
seat. 

cabins were  modeled 
from  reference drawings 
provided  by stx Finland. 

each cabin has a 9.3 m2 

area and contains a wet-
unit. two Pullman beds 

were included to provide 
cabin accommodation 

versatility. Four lifejackets 
to be included within each 

cabin.

rapid launching. 
•  Passenger evacuation routes to 

muster areas indicated on drawings. 
muster area of 125 m2, exceeding 
sOLas requirements of 0.35 m2 per 
passenger. 

•  Designated storage area avail-
able for over 300 lifejackets of 60 
mm x 30 mm x 7.5 mm packaged 
dimension in addition to those under 
passenger seats and within cabins. 
stored lifejackets will be provided in 
infant, child, and adult sizes. Life-
jackets will also be stowed on the 
bridge, in the engine control room, 
and in crew accommodation. 

•  the concept design must carry 
at minimum 12 lifebuoys on both 
sides of the ship and on all open 
decks extending to the vessel’s 
sides. One lifebuoy on each side of 
the ship is fitted with a 30 m buoy-
ant lifeline complying with require-
ments of the code. six lifebuoys, 
equally distributed on both sides of 
the vessel, have self-igniting lights 
while two of these are also equipped 
with self-activating smoke signals 
with lights. each lifebuoy is marked 
in block capitals of the roman al-
phabet with PNG Triumph and Papua 
New Guinea, the port of registry of 
the ship.

Seat Width: 429 mm  Leg Room: 845 mm 

Seat Width: 509 mm  Leg Room: 945 mm 
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GeNeraL arraNGemeNt cont’d
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02 deck:
•  Bridge wings to aid in navigation and manoeuvring
•  aft pilot house for stern navigation and docking
•  isolated medical/first-aid facilities.
•  separated officer quarters, with officer lounge, two single 
rooms, and two double room single occupancy cabins
•  60 m2 of exposed and 50 m2 of covered external deck area 
for premium and cabin classes. all shielded with windscreen 
and accessible via stairs or lift

01 deck:
•  18 standard and two accessible cabins.
•  54 premium seats and 122 economy seats.
•  separate kiosks for economy and premium classes. Kiosks to 
be stocked via general and refrigerated stores on crew Deck.
•  1:20 and 1:14 toilet ratios for economy and premium classes, 
respectively. 
•  100 m2 and 40 m2 external deck space for economy and pre-
mium/cabin classes, respectively. majority of premium/cabin 
class deck space on 02 Deck. majority of deck space shielded 
from oncoming wind.   

car deck:
•  36 vehicle capacity of varying car/truck configurations. Deck 
can withstand truck loads in both inner and outer lanes. 
•  two accessible parking stalls near bow with easy access to 
lift.
•  separate entrances for cabin/premium and economy classes.
•  separate stairways for crew access into hull.
•  70 m3 of enclosed passenger luggage storage.

crew deck:
•  two four-person and two two-person crew cabins of size 
meeting mLc 2006.
•  two contained wet units, per mLc 2006 requirements.
•  refrigerated and General stores, with lift access for supply-
ing kiosks.
•  crew galley and crew mess, with mess forward of side hulls 
to provide surrounding view. 

Superstructure development

the superstructure was modelled in 3D caD 
software solidWorks using the general arrange-
ment as reference. each deck was modelled 
separately and brought together to form the final 
product. “safety orange” was chosen as one of 
the main exterior colours to highlight the safety 
equipment and demonstrate how safety was at 
the forefront of the vessel during design
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resistaNce & POWeriNG
although the trimaran has superior stability to most ship types, it also 

has the ability to provide lower powering requirements with increased deck 
space, especially at higher speeds.

at lower speeds, frictional resistance dominates and it is here where 
a monohull would have an advantage due to its decreased surface area 
compared to a trimaran. as speeds increase, residuary resistance, which is 
mainly composed of wave making resistance, tends to dominate. the slen-
der hull forms of the trimaran provide very little wave resistance and this 
large reduction can overcome the penalty for increased surface area. in this 
instance, the PNG TRIumph will be travelling at a design speed of 14 knots 
to limit fuel consumption. this equates to a Froude number of roughly 0.3 
which is in the approximate region when trimaran ships have decreased pow-
ering requirements over monohulls.

Effective Power
analyzing a trimaran hull form for resistance is not as simple as a mono-

hull or catamaran counterpart. many of the programs used for resistance 
analysis cannot detect the presence of the three separate hulls and the 
standard regression series developed to find effective power have been al-
most exclusively for monohulls. therefore, the TRIumph was treated as three 
isolated hulls wherein the resistance of each was determined and summed to 
find the total effective power required.

Side Hull
the side hulls are very slender and unorthodox compared to conventional 

ship hulls and using a standard regression series would provide inaccurate 
results. 

it has been shown experimentally and theoretically that very slender hulls 
with a B/L ratio of less than 6% have little to no wave making resistance and 
total resistance consists almost entirely of friction (Zhang, 1997). the side 
hulls of the TRIumph have a B/L ratio of 3.6%. consequently, residual resis-
tance was estimated as 20% of the frictional resistance. this is most likely 
high but done to provide a margin for uncertainties.  the bare hull friction 
resistance was determined using the ittc 57 method.  a standard roughness 
correlation of 0.0004 was also introduced into the calculation.

main Hull 
Fortunately, the main hull of the TRIumph conforms to more conventional 

hulls and fell within the constraints of the Holtrop and mennen regression 
series. this series has been used extensively over the years and is known for 
its robustness in providing accurate results for resistance predictions. the 
particulars of the main hull were imported into the naval architecture soft-
ware NavcaD where the analysis was completed. the ittc 57 method was 
once again used to predict the frictional resistance component.

total bare Hull Effective Power
the total bare hull effective power is shown in the graph below. it is im-

portant to note that appendages, fouling and wind drag have not yet been 
accounted for.  it should also be noted that the wave interference effects 
between the three hulls have not yet been accounted for. there is no reliable 
method to determine them without proper model testing. as mentioned 
earlier in hull form development, the side hulls are located to provide maxi-
mum wave cancellation effects, which could potentially reduce residuary re-
sistance as much as 60% (ackers, et al., 1997). in the final design, the overall 
resistance could well be lower than as calculated at this stage. at the design 
speed (14 knots) the effective power required is just over 700 kW.

PNG TRIumph vs. A monohull 
the same Holtrop and mennen methodology used for the PNG TRIumph 

was applied to the raL 50m rOrO reference vessel (hard chine monohull 
similar to the centre hull of the triumph) using the NavcaD software. the 
results of which were compared to the actual model tests of the vessel con-
ducted in may of 1980 (B.c. research, 1980). the two analyses are shown in 
the graph below and are in very good agreement with one another providing 
some level of confidence to the trimaran prediction. this also provides some 

confidence in a comparison of the two vessels to one another. although this 
is not a perfect comparison, the resistance characteristics of the TRIumph vs. 

a monohull can be explored with some validity.
the comparison of the resistance characteristics between the TRIumph 

and the raL 50 m rOrO is shown in the graph below. the comparison was 
done on a non-dimensional basis of bare hull resistance divided by weight 
displacement vs. Froude number. the results are predominantly what is to be 
expected with the monohull providing lower power requirements at reduced 
vessel speed and the trimaran providing better resistance characteristics 
at increased speeds. at the design Froude number of 0.3 the monohull has 
a very slight advantage, but it can be reasoned that the resistance is es-
sentially the same with uncertainties. if the PNG TRIumph resistance was 
decreased by 10% due to side hull placement and wave cancellation effects, 
the resistance would actually be noticeably lower than the monohull. a 10% 
reduction in total resistance for the trimaran equates to about a 30% reduc-
tion in residuary resistance, half of the reduction originally designed for. 
it is therefore entirely possible that the PNG TRIumph would have better 
resistance characteristics than an equivalent monohull at the chosen design 
speed and especially at higher speeds above 14 knots.

total Effective Power
additional effects must be considered in the total effective power analy-

sis. surface fouling can drastically increase frictional resistance, especially at 
the higher water temperatures predominant in the PNG region. the geom-
etry of the superstructure was also considered and a margin for wind drag 
at 15 knots was introduced. an appendage drag of 10% was estimated to 

account for the pro-
pellers, bow thruster 
tunnel and other ex-
tremities. Finally, a 5% 
margin was included 
to account for uncer-
tainties and less than 
optimum conditions. 
at the design speed 
of 14 knots, the total 
effective resistance is 
143 kN requiring 1033 
kW of effective power 
and 161 kN of thrust.

Propulsion Arrangement
the PNG TRIumph is outfitted with a twin shaft propulsion system con-

sisting of 2 schottel stP 1010 azimuth Z-drives powered by 2 maK 6m 20c 
engines.

why twin Shaft?
the predominant reason for the twin shaft setup is redundancy. a passen-

ger ship travelling along an ocean going route has the potential for all kinds 
of trouble. if there are problems with one shafting system, due to engine 

PNG TRIumph bare hull effective power. 

A resistance comparison between the PNG TRIumph and 
the RAL 50m RORO monohull.

A comparison between the Holtrop and Mennen prediction (NAVCAD) and model test 
results for RAL 50m RORO.
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resistaNce & POWeriNG cont’d
failure or another reason, there is still the possibility of reaching the desired des-
tination or shelter of some kind, albeit at a slower speed. this is especially impor-
tant in the PNG region where the infrastructure to provide help to stranded ships 
may not be satisfactory. additional benefits include increased manoeuvrability, 
increased propulsion efficiency (pertaining to a reduced propeller thrust and size 
requirement) as well as increased adaptability. the vessel can run at a wider range 
of vessel speeds without sacrificing engine efficiency since there are two smaller 
engines instead of one larger more powerful engine. these benefits, especially in 
regards to safety, were considered to outweigh the additional costs and mainte-
nance compared to a single shaft system.

why Z-drives?
trimarans generally have reduced manoeuvrability when compared to mono-

hull counterparts due to their increased length and the presence of side hulls, 
both of which increase hydrodynamic forces. although the side hulls of the 
triumph are located amidship, which is optimum for manoeuvrability in trima-
rans (Zhang, 1997), it was decided that additional steps need be taken to increase 
turning and reaction ability of the vessel. Doing so would undoubtedly help with 
positioning while docking and diminish some of the challenges associated with 
stern loading, particularly in rougher conditions. therefore, z-drives were a natu-
ral choice for the PNG TRIumph and with assistance from distinguished manufac-
turer schottel, 2 stP 1010 azimuth thrusters were chosen.  as seen below, each 
azimuthing drive actually contains twin propellers which rotate in the same direc-
tion, one pulling and the other pushing. 

these particular z-drives have increased efficiency when 
compared to conventional azimuthing drives. to put it in 
perspective, if a stP azimuth were to require 1000 kW of 
input power, a conventional open propeller azimuth would 
require about 1100 kW. this equates to a fuel savings of 
almost $150,000 per year in the case of a twin shaft system 
with medium speed diesels running 4275 hours at design 
condition.  although the purchase cost of a stP is roughly 
25 % higher according to industry correspondence, the 
increased efficiency would help offset the capi-
tal cost, especially in the case of the triumph 
which would operate at its design speed for the 
better part of its life.  there was insufficient 
time to allow for an in depth comparison be-
tween the stP azimuth drive and a traditional 
rudder and propeller combination. However, 
information gathered from industry represen-
tatives states that the stP efficiency and drag 
would be similar and final installed costs would 
only be slightly higher. manoeuvrability would 
of course be increased and the use of the azi-
muthing drives actually allows for a reduction 
in the installed power and costs of the bow thruster because of this. at this stage 
in the design cycle, findings indicated that the use of 2 stP azimuthing drives is 
justifiable. However, a more in depth analysis would have to be incorporated if 
the vessel were to ever be built. if this study were to conclude a conventional 

propeller and rudder system more appropriate, there should be no problem 
outfitting the PNG TRIumph with such a system. the particulars of the stP 
propellers fitted on the PNG TRIumph are shown in the table below.

brake Power
the required engine brake power for the PNG TRIumph is shown in the 

graph below.  at design speed (14 knots), the required power is 1800 kW or 
approximately 1.7 times the effective power of 1030 kW with a shaft effi-
ciency of 95%.

Engine Selection

a comparison was done between two engines which were found to be 
suitable candidates for the TRIumph. the medium speed maK 6m 20c and 
the high speed cat 3512c. medium speed diesels have better fuel consump-
tion but are also generally larger/heavier and more expensive up front.  a 
simple economic analysis (shown below), with help from industry for pricing 
details, found that the capital cost payback period for the medium speed 
maK was 4 years. this is relatively low when compared to the lifetime of 
the vessel and large savings on fuel costs would be incurred in the future. 
another added benefit of a medium speed engine is less maintenance costs 
over engine lifetime. therefore the PNG triumph is equipped with 2 maK 
6m 20c engines outputting 1080 kW at 900 rpm. incidentally, the required 
input for the stP azimuths is 900 rpm; a gearbox is not necessary saving 
costs and increasing efficiency.

Note, the engines were sized based upon 85% load which is necessary 
for fixed pitch propeller setups and medium speed diesels. it is important 
because the propeller load and available engine power curve (for a medium 
speed) is very close. there needs to be extra reserve to account for non-op-
timum conditions; this will also ensure that speed requirements can be met 
under a wider range of operating conditions. 

bow thruster
a bow thruster was deemed necessary to help stabilize the ship when 

loading by counteracting against varying wind and wave conditions. the 
schottel stt 110 transverse thruster met the 20 kN thrust requirement 
with a tunnel diameter of 815 mm and an overall weight of 890 kg. it will be 

powered by the TRIumph’s main 
auxiliary generators requiring 
just over 200 ekW which is 
relatively low because of the 
added manoeuvrability from 
the azimuthing drives. a schot-
tel thruster was implemented 
to allow for a propulsion pack-
age from a single manufacturer 
potentially saving costs on 
installation and maintenance. 

Auxiliary Powering and 
Electrical load

there was insufficient time 
and data to conduct a com-
plete electrical load analysis for 
the vessel. However, using first 
order approximations (Gerr, 
2009) and data from reference 
vessels, the total maximum 
required electrical load was 
estimated to be 490 ekW not 
including the bow thruster unit 
(roughly 700 ekW with it).  the 
Hvac load for all required 
spaces accounts for 250 kW 
and if its use was limited, there 
would be potential for large 
cost savings. 

there are 3 cat acert c18 
(400 ekW) generators aboard 

the PNG TRIumph, mainly for redundancy. in general, the required electrical load 
of the ship will be less than the total estimated maximum, roughly 70% or 350 
ekW without the bow thruster. consequently, only 1 of the cat c18 genera-
tors will be supplying the ship in most instances, while running at an optimum 
range of reduced fuel consumption. in occasional instances where extra power 
is required, such as when the bow thruster unit is needed and the Hvac load is 
unusually high, 2 of the generators will be running in parallel to supply the ship. 
there will always be one generator in reserve in case another fails which is not 
uncommon. this ensures that the TRIumph will always have enough power to 
supply all required electrical loads which is very important on ocean going ves-
sels.

 the emergency auxiliary load was estimated at 95 ekW. the cat c4.4 (100 
ekW) generator will provide for the required emergency electrical loads includ-
ing but not limited to bilge/fire pump loads, emergency lighting, and emergency 
navigation/communication.  Note, the engine and auxiliary generators are all 
of the same manufacturer (cat/maK) which once again allows for savings on 
installation and maintenance costs.

ScHOttEl StP 1010 
twIn PROPEllER

D (mm) 2050
Bar 0.35
Z 3
input rPm 900
Prop rPm 273.1
P/D (FixeD) 0.923
η0 (Design Point) 0.616

DP thrust/unit (kN) 80.58

The required effective and brake power of the PNG TRIumph.

Medium and high speed diesel engine comparison.

Engine MAK 6M 20C CAT 3512C

engine type medium 
speed

High speed

L (m) 4.05 2.63

W (m) 1.56 2.04

H (m) 2.10 2.11

Weight (tonnes) 10.90 7.40

sFc (g/kWh) 190 201

installed kW 1080 1040

engine cost ($/
kW)

650 325.00

capitital cost ($) 702,000 338,000

Fuel/yr (t) 1624.50 1718.55

cost per tonne 
($/t)

950 950

Fuel cost/year ($) 1,543,275 1,632,622

mAk Payback 
(yrs)

4.07
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steering Flat (1)
•  2x Z-Drive Pods 

-schottel stP 1010 
twin Propeller

emergency Generator
•  1x CAT C4.4 (99 ekW) 
generator is located on 
the roof directly behind 
the main stack

shaft configuration (1/2)
• Due to alignment difficulties, both the 
main engines and the Z-drive pods have 
been tilted to a maximum 5 degrees. two 
sets of cardan joints were used to accom-
modate the addition angle change of 11 
degrees.

Water treatment (4)
a sewage treatment plant and rO unit were installed 
on this vessel despite increasing the initial cost of the 
vessel. this was justified with 3 reasons:
1.   it was determined that it was not feasible to rely on 
the ports for proper disposal sites that could handle 
raw sewage as well as being able to provide potable 
water.
2.   it allows for smaller tank sizes since the water is 
being treated which also means it is more sustainable 
over longer trips (doesn’t have to stop as often).
3.   if the vessel starts operating in different waters, 
the addition of these two plants makes it more versa-
tile.

auxiliary machin-
ery space (2)
• 3x Pumps

-Bilge, Ballast/
Bilge and Fire

air Handling space 
(4.2)
•  HVAC units for 
entire ship
•  HVAC Duct Cas-
ing

engine room (3)
•  2x Main Engines

-maK 6m 20c (1080 kW @ 
900 rpm output)

•  3x Auxiliary Generators
-cat c18 acert (400 ekW 

@ 1500 rpm, 50 hz)
•  2x Engine Room Receivers
•  2x Starting Air Compressors

engineering rooms (4/4.2)
•  Parts Store (4)
•  Machinery Control Room (4.2)
-mcc unit
-Lockers
-engine room viewing Window

Domestic machinery space (4)
•  2x Fresh Water Pumps
•  Fresh Water Hydrophore
•  2x Hot Water Tanks

-vertical tanks with 350 gal. 
capacity each

• Hot Water Circulation Pump
•  Reverse Osmosis Unit

auxiliary machinery space (4)
•  Oily Water Separator
•  Fuel Oil Purifier
•  5x Transfer Pumps

-sludge, Oily Water, Dirty Water, 
Lube Oil, Fuel Oil

•  Sewage Vacuum Unit
•  Sewage Treatment Plant

-Wartsila st25-c
•Fuel Oil Manifold

auxiliary machinery space (6/7/8)
•  Transfer Pumps (6)

-Grey Water, Black Water
•  Fire/Bilge Pump (7)
•  Bow Thruster (8)

-electric Hydraulic motor
-schottel stt 110 transverse 

tanks (4/5/6)
•  2x Fresh Water Tank
•  2x Grey Water Tanks
•  2x Black Water Tanks
•  Bilge Water Tank (6)
•  Tanks In Double Bot-
tom (not shown) (4)

-2x Fuel Oil tanks
-Waste Oil tank
-Lube Oil tank
-sludge tank
-Fuel/Oil Overflow

void space/cofferdams
•  Minimum 800mm 
clearance for ease of 
access
•  Double Bottom 
1300mm to allow for 
manufacturing of hard 
chine hull

Fire Pumps (2/7)
• Two fire pumps were installed in the ma-
chinery space and were placed a minimum 
of 2 water tight bulkheads apart in case of 
flooding. the secondary fire pump is dual 
purpose with bilge pumping capabilities.

means of egress 
•  A dedicated main stairwell for the machinery space 
is situate in water tight zone 4. this allows for easy access 
between the control room and the main machinery space. 
•  A secondary stairwell is located in water tight zone 7. 
this stairwell is to be used as a backup as it is shared 
with the crew quarters above. 
•  Additional means of egress have been provided in order 
to meet the code requirements. emergency escape 
hatches are locate in water tight zones 1, 2, 3, 6 and 8. 
•  The lift does not open to the machinery space but 
can be accessed at this level for repairs

service spaces (2/4.2/6)
•  Refueling Accessories (2)

-refueling connection 
point with hose

•  Electrical Room (4.2)
-transformers and 

switchboards
•  Lift Service Room (6)

macHiNery arraNGemeNt

note:
1. ) All engines and generators run on marine diesel Oil (mdO) and meet 
ImO tier II requirements. 
2.) All machinery arrangement items are drawn to scale. 
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Introduction
this section presents a summary 

of the structural design of the PNG 
TRIumph. the general goal is to 
showcase the design methodology. 
the TRIumph features a hybrid fram-
ing system with 600mm secondary 
frame and 2400mm primary web 
spacing. 

Rules and Regulations
to determine the structural 

design of the PNG TRIumph, Lloyd’s 
register rules for the classifica-
tion of trimaran ships were utilised. 
these rules were created through 
use of design studies, model testing, 
simulation, and a demonstrator in 
the form of the RV Triton. the major-
ity of structural calculations can be 
found in the appendices.

Scantling determination
the size and operational envelope 

of the PNG TRIumph helps determine 
the primary, secondary, and ter-
tiary loads which in turn govern the 
strength requirements and subse-
quently the acceptance criteria for 
the vessel. scantlings were deter-
mined using the following methodol-
ogy:

a. calculate plate thicknesses
B. calculate section modulus
c. assess hull bending strength 
D. check with required section 

modulus 
e. Determine major scantlings

Part A: calculated Plate thick-
ness

a selective summary of the calcu-
lated plate thicknesses is given in the 
following table. it should be noted 
that the superstructure was also 
considered effective in the section 
modulus calculations as it extends 
longer than 0.4 times the length of 
the vessel. all plating thicknesses 

can be found in the midship section 
drawing.

Part b: calculated Section modu-
lus

Detailed hull section-modulus 
calculations can be found in  the ap-
pendices.; a summary of the results 
are given in the table below.

Part c: Hull bending Strength
much like a monohull, a trimaran’s 

structural design is largely governed 
by longitudinal bending moments 
acting in head seas. Wave and still 
water bending moments were calcu-
lated using Lr empirical formulae to 
obtain the minimum required sec-

midship drawing & design 
decisions

Following scantling selection, a 
midship section drawing was com-
pleted (see above and appendices). 
the left hand side of the drawing 
shows a typical web frame sec-
tion forward of the engine room 
looking aft. the right hand side 
shows a typical section in way of 

the engine room with raised floors. 
consideration was given to ease of 
manufacturing and maintenance of 
the vessel. For example, a double 
bottom height of 1300mm allows 
ample room for maintenance, ease 
of manufacturing, and plenty of vol-
ume for tanks. curvature through-
out the TRIumph has also been kept 
to a minimum in order to reduce 
manufacturing time and man-hours 
while being mindful of the vessel’s 
resistance performance. a large 
cross-deck height of 750mm, apart 
from a manufacturability and main-
tenance standpoint, also permits a 
high safety factor which was espe-
cially important as the class dataset 

available on this most important 
structural member is small. 

a hybrid framing system with 
transversely framed side shells 
and double bottom and longitudi-
nally framed decks was selected 
to reduce construction man-hours 
and maximise stability. although a 
transversely framed hull is heavier, 
it is relatively easier to construct in 
areas of increased curvature. it was 
noted that steel is relatively cheap 
compared to labour. 

Furthermore, longitudinally 
framed decks are lighter and simpler 
from a manufacturing standpoint 
(block construction) due to their 
box-like geometry.

conclusions

the PNG TRIumph’s structural 
design methodology with select 
major scantlings was presented. the 
appendices contain detailed design 
calculations and a higher resolution 
midship drawing. in sum, the tri-
umph features include: 

 
•  transversely framed side shell and 
double bottom
•  Longitudinally framed decks
•  Primary web spacing 2400mm
•  secondary spacing 600mm
•  Designed for easy manufacturing
•  easily adaptable to block con-
struction and pre-outfitting

tion modulus. the aforementioned 
calculations can be found in Appen-
dix ##. according to Lr, the mini-
mum section modulus is:

it was found that the calculated 
section modulus easily meets the 
required section modulus.  

Part E: major Scantlings
Global and local design loads 

were calculated in order to de-
termine scantlings for the PNG 
TRIumph. major global design loads 
consisted of hull girder loads and 
cross-deck loads. the major lo-
cal governing load was the wheel 
loading from vehicles. all selected 
scantlings according to the govern-
ing equations are showcased in the 
midship section drawing to the right. 
Detailed calculations are left for  the 
appendices. a pair of the rule for-
mulas utilised are shown below. 

Z
min

 = 0.4349 m3

Effective Plating - Summary
Location Thickness (mm)

Keel Plate 13
Bottom shell 11
Bilge 13
turn of Bilge 8
side shell 7
sheerstrake 8.5
mach. space 6.5
Wet Deck 7
car Deck Floor 9.5
car Deck shell 6.5
1st Deck Floor 6
1st Deck shell 6

calculated Section modulus

PropertyABOUT Value Units

N.a. Height KeeL 6.19 m

second momentKeeL 24.21 m4

second momentNa 7.55 m4

section modulusDecK 2.12 m3

section modulusKeeL 2.44 m3

OKay

structuraL DesiGN
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DeaDWeiGHt & taNKaGe
deadweight Estimates

Passengers
Passenger deadweight was cal-

culated for both normal and over-
crowded operation to ensure a safe 
voyage. in both cases, a passenger 
weight of 75 kg/person was used, as 
required by the 2008 intact stabil-
ity code, while a choice of vcG, [1 
m above deck] per person (standing 
passenger) or [0.3 m above seat] per 
person (sitting passenger). each pas-
senger was assumed to be standing 
for the calculations of the dead-
weight as this produced the most 
unfavourable conditions in terms of 
overall vessel vcG.

normal Operation
the PNG TRIumph will carry 200 

passengers under typical operation. 
However, its maximum occupancy 
is 80 cabin passengers, 54 premium 
passengers, and 122 economy pas-
sengers. the maximum capacity 
of each area was used to compute 
passenger deadweight as this repre-
sents the worst-case for the vessel 
vcG. all premium and cabin passen-
gers were located on their 02 Deck 
lounge for the vcG determination. 
this is a highly implausible scenario, 
however it presents the greatest 
detriment to the vessel vcG. the 
weights and associated centroids for 
each passenger area are shown in 
the table below.  
Overcrowded Operation

Overcrowding was limited to the 

tankages

the TRIumph’s tanks were designed 
based on its operational require-
ments. Namely, the holding tanks 
have storage capacities to allow for 
a vessel range of 1,000 Nm. Bal-
lasting was not included in the ferry 
design to limit any complications and 
management expenses associated 
with ballast tanks. if ballast becomes 
necessary during design refinement, 
additional space is available in both 
the outriggers and double bottom. 
the table below details the tanks 
on board the vessel as well as their 
capacities and associated properties. 
Detailed calculations can be found in 
the appendices.

economy class region of the vessel. 
the higher fares of premium and 
cabin classes make it unlikely that 
overcrowding will be tolerated with-
in these classes. cabin capacity was 
conservatively assumed at 100% and 
should thus account for any minor 
overcrowding within these classes. 
the overcrowded vessel included 
the maximum occupancy detailed 
above in addition to extra passen-
gers within the economy zone. a 
crowding factor of four persons per 
square metre was used, as specified 
in the 2008 intact stability code. 
this resulted in a 158% passenger 
excess compared to maximum oc-
cupancy operation. the weight and 
associated centroid for the group 
of extra passengers considered to 
overcrowd the economy seating 
area as well as its surrounding decks 
is shown in the table above. 

cargo
the design cargo load was 22 

automobiles and 14 trucks, sym-
metrical about the centreline.  
Generic sizes and weights for both 
automobile and truck were based on 
common vehicle imports in Papua 
New Guinea. the vehicle dimensions 
and weights are detailed in the table 

below. 
considerations 

were made for the 
scenario where 
vehicles were mis-
placed and loaded 
on either the port 

or starboard sides 
only. the weight 
breakdown and as-
sociated centroids 
for both cases are 
detailed below.

Typical automobile and truck seen in 
Papua New Guinea.
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iNtact staBiLity
the intact stability of the ves-

sel was assessed according to the 
international code on intact stabil-
ity. Four separate loading conditions 
were analyzed in accordance with 
regulations. these conditions were:

1. Departure with cargo
2. Departure without cargo
3. arrival with cargo
4. arrival without cargo

Overcrowding was added to the 
full cargo scenarios as this repre-
sents a likely detriment to stability. 
an additional loading scenario of 
misplaced cargo, economy, over-
crowding, and all premium/cabin 
passengers on the upper deck was 
evaluated as a worst-case scenario. 
this scenario is illustrated in the 
figures below. 

the following bar chart details the 
TRIumph’s compliance with 2008 
is code criteria. the two scenarios 
presented are departure with cargo 
and the worst-case overcrowding 
and asymmetric cargo arrival condi-

Seakeeping

the figure below illustrates three 
points in Papua New Guinea waters 
where wave statistics were obtained. 
Point three had the highest energy 
waves, with a 1.2 m significant wave 
height and a 7.1 second peak period. the 
vessel may operate across the south 
Pacific, represented by Lloyd’s regis-
ter region 71. much of this area is less 
sheltered than Papua New Guinean 
waters. the TRIumph’s response to both 
wave data sets was evaluated to assess 
seakeeping characteristics under typical 
and expanded operations. 

roll, Heave, and Pitch responses were 
obtained for the two data sets and are 
presented above and to the right. the 
responses are in regards to heading an-
gle relative to waves and were assessed 
with Paramarine at the design speed of 
14 knots and long-crested seas.

the TRIumph exhibits generally favourable seakeeping characteristics at 
headings other than beam seas. the seakeeping responses must be verified 
with model tests to validate the above results. in general, a trimaran has 
favourable seakeeping responses over an equivalent monohull. exceptions 
includ pitch response in following seas. as such, although roll amplitudes 
are large for beam seas, the trimaran is not expected to perform unfavour-
ably compared to a monohull (Zhang, 1997). it is recommended that for 
further design iterations the effect of bilge keels along the internal side hull 
edges be investigated.  these have been found to reduce roll amplitudes by 
up to 25% (Pastoor et al, 2004). 

the figure below details the roll accelerations experienced by a passen-
ger near the vessel sides. under the wave conditions analyzed, the horizon-
tal line details what headings will lead to a roll acceleration greater than 2 
m/s2. When this occurs at a period under 10 seconds, per Lloyd’s, this typi-
cally leads to seasickness for non-acclimatized patrons. thus, within Papua 
New Guinea seas, seasickness is unlikely at all headings, however care must 
be taken in rougher seas. 

tion. Data is presented as a ratio over the minimum requirement. ad-
ditional scenarios and data may be found in the appendices. 

the triumph meets 2008 is regulations as seen in the figure above, 
where a ratio below one indicates noncompliance. For the overcrowded 
and asymmetrically loaded condition, minimum requirements are met 
for passenger crowding heel angle. this could be improved over base-
line through decreasing the asymmetry of cargo loading. the figure also 
illustrates the minor effect of overcrowding and poor cargo loading on 
stability. this is also illustrated in the righting arm curve below, where a 
vessel overcrowded by 429 persons only loses 18% reserve energy.

monohull versus trimaran Stability

the TRIumph’s stability was compared to two monohulls of similar 
displacement. these were namely the Bangladeshi concept of last year’s 

submission and the robert 
allan concept ferry, with dis-
placements of 755 and 855 
tonnes, respectively. addi-
tional vessel parameters may 
be found in the appendices. 
the righting arm curves of 
the three ferries at loaded 
departure conditions are 

detailed in the following figure. 
the TRIumph, which does not require ballast, has greater stability 

than both the monohulls, having 13% and 18% more reserve energy than 
the robert allan and Bangladeshi ferries, respectively. the vessel will 
have a similar maximum righting arm to the Bangladeshi monohull. in 
addition, its GZ curve has a lower initial slope, which will provide a more 
comfortable ride compared to the Bangladeshi ferry. 
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DamaGe staBiLity
governing Rules and Regulations

sOLas dictates a probabilistic damage stability analysis be performed on 
all passenger ships. However, for the conceptual design, sOLas 90 deter-
ministic two-compartment rules were followed. although superceded, these 
rules could be implemented quickly to evaluate concept-level vessel surviv-
ability. a probabilistic analysis should be done in the future to confirm the 
vessel complies with the latest sOLas regulations for passenger ships. 

watertight bulkheads

the centre hull was divided into nine watertight compartments with 
sealed bulkheads (shown below in yellow and orange) which connect to the 
watertight deck. the bulkheads shown in yellow are aligned with watertight 
bulkheads in the sidehulls, creating six extra watertight compartments per 
side hull as shown in the following figure.

watertight compartment Permeability

the figure below shows the watertight compartments and their perme-
ability delimited by sealed bulkheads (in red). it is important to note that a 
compartment aft of each side hull, which has a 95% permeability, cannot be 
seen in the figure below as it is above the waterline.

Evaluated damage cases

the starboard outrigger was omitted in all of the figures below to provide 
a clearer view of the damage cases analyzed. the starboard side hull re-
mained intact in the analyzed cases. it is assumed that with machinery, tank, 
and general arrangement symmetry, starboard-side damage would react 
symmetrically to port-side hull damage. 

Centre Hull Cross-Section up to Watertight Deck illustrating Watertight Bulkheads

Design Waterline Section Showing the Permeability of each Compartment between 
Watertight Bulkheads

the three loading conditions 
analyzed were arrival, arrival with 
overcrowding, and arrival with over-
crowding and asymmetric cargo. 
all of the eight damage cases were 
survivable under the above loading 
conditions and exceeded sOLas 90 
minimum criteria. the most critical 
was Damage Case 1 and its perfor-
mance against sOLas 90 is detailed 
in the table at right. additional data 
for the other cases are shown in the 
appendix.

Side Hull damage cases

additional damage cases were 
analyzed where side and main hull 
damage occurred in tandem. these 
cases are shown at right, with both 
forward and aft damage cases pass-
ing sOLas 90 criteria. the most 
critical, but survivable damage was 
found to be flooding of the three 
aft compartments of a single side 
hull. the similar case of three ad-
jacent forward compartments was 
also analyzed but was found to be 
more stable. righting lever curves 
for three aft compartment and full 
outrigger flooding are shown below. 
these are compared with the in-
tact righting lever curve under the 
similar ‘arrival with overcrowding’ 
load condition. Hydrostatic values 
for these cases are shown in the ap-
pendix.

side hull flooding greater than 
the cases shown at right would 
result in vessel capsize. Ballasting of 
the opposite side hull would in-
crease the roll period caused by dis-
turbances. this would likely increase 
the amount of time until capsize, 
however such damage would ren-
der the vessel lost. During further 

stages of this design, the effect 
of a watertight deck within the 
side hulls but above the water-
line should be analyzed. this 
would limit buoyancy loss upon 
side hull compromise.

main Hull damage cases 1 to 8
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cOst aNaLysis
Introduction

a preliminary cost estimate was done using an 
sWBs and PODac formulas. industry correspon-
dence helped refine the analysis and provided 
a more realistic estimate for shipyards outside 
North america. During the analysis, it was noticed 
that the material cost formulae were outdated, 
therefore a necessary correction was applied to 
compensate for the increase in material costs 
over the last decade. in sum, material costs were 
doubled from initial PODac estimates. 

Operational costs for the vessel were broken 
into categories of crew, fuel, and maintenance. 
crew costs were estimated through research of 
industry wages in PNG. it should be noted that 
the GDP for PNG is less than $3,000 and there-
fore the crew wages do not play a role in the an-
nual operational costs. 

Fuel costs were based on an assumed weekly 
schedule developed by the design team. this 
amounted to 1 roundtrip per week with an average 
dock time of 3 hours per port. Further assuming 
an annual utilisation of 80%, this surmounted to 
approximately 7000 annual operating hours and 
42 roundtrips per year.  taking specific fuel rates 
for the main engines and auxiliary generators into 
account, the total amount of fuel needed per year 
is approximately 2,520 tonnes. mDO was taken 
as $900/tonne. maintenance costs for any ves-
sel are difficult to predict. maintenance figures 
for the TRIumph are referenced to Washington 
state Ferries (WsF). the design team feels this is a 
sound reference as WsF has several ferries which 
operate in proximity to the proposed annual hours 
for the TRIumph. 

a fully burdened hourly labour rate of $35 was 
assumed for construction in singapore or china.  
the final costs assume a 10% material overhead 
and a 100% labour overhead. these assumptions 
were obtained from interviews with industry pro-
fessionals and experienced faculty. 

as seen above, the total cost of 
the vessel is approximately $27 mil-
lion. it should be noted that at this 
early stage in the design process, any 
cost estimation will have large un-
certainty.  Nevertheless, the above 
figure was within range according to 
industry correspodance. 

Revenue generation

in order to get a realisitic pic-
ture of the potential revenue of the 
TRIumph, research was conducted to 
obtain ticket prices and cargo rates 
for vessels operating in the PNG 
region. the aforementioned prices 
for a total of 4 vessels, including the 
rabaul Queen, were found. these 
prices were extrapolated as a func-

tion of distance and class. the graph below showcases the analysis 
with best fit lines providing the necessary formulae needed to 
calculate ticket prices. 

cargo rates for cars and trucks were obtained by researching average 
cargo to ticket rate ratios found in ferries throughout the world. the ap-
propriate data for all ticket prices can be found in the appendices. 

the figures above and to the right showcase 
potential revenues based on the aforemen-
tioned ticket and cargo fares for 100%, 80%, 
and 60% fully loaded. it can be seen that assum-
ing the fuel, maintenance, and crew costs are 
correct (total annual operating costs of $2.4 
million) , the vessel starts to generate positive 
revenue at approximately 75% fully loaded for 
all trips of the year. 

Given the lack of high demand in the region 
and high fuel costs, it is hypothesised that the 
vessel will need to operate on a subsidy. there-
fore, the vessel will be deemed a “service” 
rather than a “business venture”.  

the Potential for Solar
solar power was also proposed (to take ad-

vantage of the large amount of sunshine in the 
PNG region) to try and offset the large electri-
cal loads of the vessel (air conditioning). Due to 
time constraints, a first order analysis was con-
ducted. the findings indicate that approximately 
200 kW of power could be provided by such a 
setup. But the high complexity and large acqui-
sition costs dictate that a more detailed analysis 
is needed before a final decision can be made. 
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cONcLusiONs & recOmmeNDatiONs
With increasingly higher levels of overcrowding on ferries, capsizing has become more and more common around 

the world in the past few decades, especially in developing countries. the PNG TRIumph was designed to address the 
resounding issue of safety while keeping affordability in the foreground.  

the design utilizes a trimaran hull form that has addressed the major safety concerns associated with overcrowd-
ing-induced capsizing while maximizing vehicle payload.  With two-compartment flooding, the vessel meets sOLas 
90 with full cargo and 250% passenger overcrowding capacity, in addition to meeting the international code on 
intact stability, 2008. the vessel also meets Lloyd’s register regulations regarding safety equipment on board. 

affordability was addressed at all stages of the design. Decisions made to implement components with higher 
initial costs were justified with improved performance and/or safety features. the twin propeller azimuth drives 
used in conjunction with medium speed diesel engines provide a significantly more efficient propulsion system and 
decrease risk of damage associated with stern docking due to improved manoeuvrability. improved efficiency in the 
propulsions system is crucial as increasing fuel costs are becoming the major expenses behind owning and operating 
a vessel. Other features directly affecting affordability include minimized indoor space to minimize air condition-
ing power consumption, hybrid-framing structure, modular cabin design and the minimal need for ballast which will 
lower ongoing maintenance costs.

as this is a conceptual design, there are many aspects that were not fully addressed and that require further work. 
major tasks required to move forward are outlined below. 

•  the implementation of bilge keels on the side hulls and an evaluation of their influence on seakeeping motions

•  effect of an above-waterline watertight deck within the side hulls to improve stability under extensive side hull 
damage

•  a probabilistic analysis should be conducted for damage stability to confirm that the vessel complies with the lat-
est sOLas regulations for passenger ships

•  a cFD analysis of the hull form as well as air drag analysis on the superstructure

•  an in-depth economical comparison between the equipped azimuthing drives versus a conventional rudder and 
propeller shafting arrangement 

•  a total ship electrical load analysis  should be done to properly size the auxiliary generators

•  in depth analysis of the manufacturability of this design

•  complete solar panel analysis to offset electrical loads (air conditioning)

•  Optimisation of the scantlings to further reduce the lightship weight

•  model testing to determine wave interference effects and more accurate powering requirements and seakeeping 
motions
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