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Abstract: In this paper, an investigation is carried out on how the hull form slenderness influences the seakeeping and
global hull girder loads of a trimaran. By means of a ship hull variation method, a series of derived trimarans with the
same displacement and different length to breadth ratios (L/B) from 12 to 19 are generated for a 1 000 tons trimaran.
The longitudinal motion and wave load of the ships with forward speed in waves are calculated with the WASIM code
based on a time—domain three dimensional Rankine source method. The statistics of the pitch and heave motion, sec-
tional bending moment and shear force of the hull girder are analyzed with the wave spectrum in sea state 4 to 6. It is
observed that as the L/B increases from 12.27 to 19.16, the peak value of pitch and heave motion is decreased by nearly
60% and 35% respectively, but the shear force is tripled and the bending moment is increased by 3.5 times. Further-
more, the wave loads comparison between direct calculation and British Lloyd's rules (LR) showed that the significant
sectional shear force of the slenderest ship has already exceeded that in the Rules in sea state 6. These results show
that the slenderness of the main hull has a contradiction impact on motion and wave load. The slenderer hull contrib-
utes to smaller motion response and better seakeeping performance, but leads to a sharp increase of total longitudinal
bending moment and shear force, which is risky for the ship navigation on the high sea state conditions. Therefore, it is

important to consider motion behavior and global longitudinal strength together when determining the principal dimen-

sions of trimaran main hulls.
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0 Introduction

Trimaran is a modern high—speed marine vehicle
which is often applied to the navy and civil transport.
The structure of main hull and two side hulls endows
it with the better lateral stability than ordinary mono-
hull vessel. Therefore, compared with the monohull
vessel, the main hull of trimaran can be designed to
be slenderer to reduce the resistance and improve
the speed greatly, which is also conducive to its sea-
keeping. According to the investigation on the cur-
rent trimarans', the distribution statistics of princi-
pal dimension ratios of a trimaran (including /B and
B/T of main hull) have been obtained on the basis of

the displacement size, as shown in Fig. 1. The ranges
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of main parameters of trimaran are shown in Table 1.
It can be seen from Table 1 and Fig. 1 that the
length to breadth ratio L/B and breadth to draft ratio
B/T of main hull of trimaran are respectively from 12
to 18 and from 1.2 to 2.3, and the ratio As/A of side
hull displacement to total displacement is no more
than 7%. The slenderer main hull of trimaran can im-
prove its seakeeping performance, however, it may
also increase the wave load of the hull, thereby influ-
encing the structural safety of the ship. In this paper,
the quantitative analysis on the main hull form pa-
rameters, especially the comprehensive influence of
the slenderness of the main hull on the ship motion

response and wave loads, has been carried out.
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Fig.1 Statistics of L/B, B/T range of trimaran main hull

Table 1 Range of main particulars of trimaran

Parameter Lower limit Upper limit
As/A 3% 7%
L/B 12 18
BIT 1.2 2.30
Ls/ Bs 12 38
Bs/ T 0.35 1.30
L/Ls 0.25 0.50
B/ Bs 0.15 0.30
T/Ts 0.30 0.80

The motion responses and loads of trimaran in
waves are usually calculated based on the frequen-
cy—domain and time-domain potential theory, in
which the frequency—domain method includes the
pulsating source and moving pulsating source meth-
ods. Fang and Too™ developed a three—dimensional
pulsating source method used for predicting six de-
grees of freedom motion of the ships; Bingham et al.”!
applied the 3D moving pulsating source method to
obtain the motion and load of trimaran in waves, who
also pointed out that the frequency—domain method
can only be used when Fn is less than 0.45. For high-
er speed, Faltinsen and Zhao" developed a 2.5D the-
ory which has been applied to calculate the seakeep-
ing of the multi-hull vessels by Duan et al.”. Be-
sides, more researchers use the time—domain meth-
od, including the time—domain Green's function
method and time—domain Rankine source method.
For example, Peng investigated the hydrodynamics
of the multi-hull vessels through the 3D time-do-
main Green's function method, and Bruzzone and

Grasso” analyzed the nonlinear motion™ of trimaran

in waves by synthesizing the frequency—domain and
time—domain methods. The 3D time-domain Ran-
kine source method is an effective method to solve
the seakeeping-related problem of high—speed
multi-hull vessels. On the basis of this method, the
commercial code WASIM has been widely adopted
by domestic and foreign researchers for the predic-
tion of the trimaran's motion and wave loads", which
has been recognized by the users due to its effective-
ness and accuracy in solving nonlinear motion in

high-speed condition.
1 Hull form variation

In order to study the influence of the main parame-
ters of trimaran on the hydrodynamic results, a series
of new hull forms are needed. In this paper, Hollis-
ter's offset—based hull form variation method is used
in the hull form variation program™. The program in-
cludes four modules: stretch (STRETCH) module,
sectional transform (CMVARY) module, prismatic
coefficient transform (LACKENBY) module and hy-
drostatic force calculation (HYDROSTATICS) mod-
ule. The workflow is shown in Fig. 2. During the iter-
ations among the four modules, only the target and
compensation parameters are changed while the oth-
ers are constant. In the paper, due to the consistent
displacement of the main hull and small proportion
of the side hull displacement to the total displace-
ment, the side hull can be simply transformed by
scale transform, waterline adjustment and reposition-
ing. Moreover, the relative distance between the
hulls before and after transform does not change.
With the consistent displacement of the main hull,
six hull form parameters derived from the series vari-

ations are shown in Table 2.

2 Motion and load calculation

2.1 Numerical calculation method

The WASIM code can give a good result of the mo-
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Fig.2 Workflow chart of trimaran hull variation



Table 2 Parameters of variated trimaran hulls

Hull number

Name
S1 S2 S3 S4 S5 S6
Waterline length L,;/ m 104.000 88.000 96.000 112.000 120.000 128.000
Molded breadth B/ m 7.200 7.172 7.038 6.919 6.794 6.681
Draft T/ m 3.600 3.705 3.734 3.524 3.399 3.280
Main hull Volume of displacement/m’ 1116 1116 1116 1116 1116 1116
Block coefficient C, 0.414 0.477 0.442 0.409 0.403 0.398
Midship section coefficient C,, 0.689 0.794 0.736 0.680 0.670 0.662
Prismatic coefficient C, 0.601 0.601 0.601 0.601 0.601 0.601
Length to breadth ratio L/B 14.444 12.270 13.640 16.187 17.663 19.159
Waterline length L.s/ m 36.000 30.500 33.200 38.600 40.200 42.000
Side hull Molded breadth B/m 1.600 1.633 1.643 1.707 1.707 1.707
Draft T/m 1.400 1.400 1.400 1.400 1.400 1.400
Total displacement A/t 1188 1187 1194 1213 1206 1207

tion and load of trimaran in waves. In the study, the
longitudinal motion and wave loads are calculated in
head sea condition. The pitch, heave, vertical bend-
ing moment and shear force in specific sea state can
be obtained through the spectra analysis. The Froude
number of every computation is set to Fn =0.322.
The mass distributions of the six derived hull forms
are shown in Fig. 3, and the side hull arrangements
are shown in Fig. 4. The sterns of both the main hull

and side hulls are transom.

90
80

NV -
o o o o

w2
S

Sectional mass / kg

| —8—1/B=12.270 —5—L/B=13.640
|| % L/B=14.444 —&L/B=16.187
F|—®—L/B=17.663 =0—1/B=19.159

-
o o

(=}

0123456 73891011121314151617181920
Station

Fig.3 Mass distribution

8 000 mm
-h-]
w
o
~
=
/L'm
a

Fig.4 Arrangement of S1,S2 and S6 ships

2.2 Transfer functions of the motion and
load in regular waves

For the six derived hull forms, the motion and load
responses in the head—sea regular waves are calculat-
ed and the displacement is kept constant. The com-

parison of the transfer functions of the motion and

load of six derived hull forms with different L/B is
shown in Fig. 5 to Fig. 9, among which the abscissa
o represents the natural wave frequency, and the or-
dinates respectively represent the dimensionless
transfer functions of heave, pitch, sectional shear
force and bending moment in the specific sections.
Through the analysis of the frequency response of
the heave and pitch motion, it is observed that the
peak response value of the heave and pitch motion
decreases as the L/B increases. When L/B is larger
than 14.444, there is no obvious peak point in the
pitch transfer function. It can be noted that the ves-

sel with a slenderer main hull will have smaller mo-
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tion response in regular waves and better seakeeping
performance.

Since the loads comparison of different L/B ships
should be based on the longitudinal sectional loads
distribution under short—term condition, it is neces-
sary to predict the short—term performance of sea-

keeping and wave loads.

2.3 Short-term prediction analysis in
irregular waves

2.3.1 Statistical prediction of the pitch and
heave motion

The short—term prediction is performed based on

the spectrum analysis method, and in this paper, the

Pierson—Moscowitz wave spectrum is used:
2

S5y w5 e
S(w)=1¢ o, (wp) exp[ 4(mp) ]
2n . 2m
T, 1.408T, S

P
where: H,; stands for the significant wave height;

COP=

w, for spectral peak frequency; T, for the spectral
peak period; T, for the zero—upcrossing period. For
a comprehensive study of the sea states that trimaran
may encounter, the series calculation covers the ze-
ro—upcrossing periods ranging from 4 s to 15 s. Fig. 10
to Fig. 12 respectively show the comparison of the
short—term responses of the heave, pitch and vertical

acceleration at bow of the six derived hull forms with

different L/B ratios.
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The statistical results shown in Table 3 include
the motion and acceleration when the zero—upcross-
ing period 7, is equal to 6, 8, 10 s and the significant
wave height H|, is equal to 1 m. It can be found
from the table that the ships with larger L/B have ob-
vious advantages in seakeeping during head sea navi-

gation. When the zero—upcrossing period T, is equal

Table 3 Short—term statistics of trimaran motion in unit siginificant wave height ( H

to 6 s, the heave motion response, pitch motion re-
sponse, and vertical acceleration at bow of S6 de-
crease by 34.5%, 60.3% , and 50.8% , respectively.
This indicates that with the slender main hulls and
larger L/B, the motion in the irregular waves is more

moderate, which is more favorable to the seakeeping.

=1 m)

Hull Length to breadth Heave/m Pitch/(°) Vertical acceleration of the bow/g
number ratio L/B T=6s T=8s T,=10s T=6s T=8s T=10s T=6s T=8s T,=10s
S2 12.270 0.669 0.709 0.663 1.266 1.202 0.981 0.273 0.218 0.157

S3 13.640 0.608 0.677 0.651 1.038 1.048 0.886 0.240 0.196 0.143

Sl 14.444 0.653 0.696 0.662 0.953 0.949 0.812 0.241 0.195 0.142

S4 16.187 0.544 0.672 0.674 0.750 0.857 0.770 0.184 0.162 0.122

S5 17.663 0.496 0.611 0.625 0.609 0.717 0.663 0.161 0.143 0.109

S6 19.159 0.438 0.582 0.615 0.502 0.643 0.616 0.134 0.127 0.100

2.3.2 Short-term prediction of the vertical shear force and bending moment under different L/B

shear force and bending moment

In this paper, the comprehensive structure loads
in sea sates 4—6 are calculated. In sea state 4, the
significant wave height H,,; = 2 m, and the zero—up-
crossing period T,= 6 s; in sea state 5, the significant
wave height H,,; = 3 m, and the zero—upcrossing pe-
riod T, = 8 s; in sea state 6, the significant wave
height H,; = 5 m, and the zero—upcrossing period
T,= 10 s. The comparisons of the sectional vertical
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in sea state 4 ( T,=6s, H,=2 m)
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are respectively shown in Fig. 13 to Fig. 18.

The maximum sectional shear force and bending
moment under different L/B are shown in Table 4.
Compared with the maximum shear force of S2(L/B =
12.27), the maximum shear forces of S6 (L/B =
19.16) in sea states 4, 5 and 6 increase by 112.8%,
171.7% and 190.1% respectively. Compared with
the maximum bending moment of S2 (I/B = 12.27),

the maximum bending moments in sea states 4 and 6
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Table 4 Maximum sectional load of different trimaran hulls

Hull Length to breadth

Maximum sectional shear force / N

Maximum sectional bending moment/(N+m)

number ratio /B

Sea state 4 Sea state 5 Sea state 6 Sea state 4 Sea state 5 Sea state 6
S2 12.270 3.255x10° 3.701x10° 4.648x10° 6.910x10° 7.914x10° 9.943x10°
S3 13.640 4.668x10° 6.188x10° 7.955%x10° 1.110x10’ 1.492x10’ 1.921x10’
S1 14.444 5.260x10° 6.858%x10° 8.825x10° 1.261x10’ 1.683%x10’ 2.188x10’
S4 16.187 5.919x10° 8.435x10° 1.104x10° 1.557x10’ 2.306x10’ 3.050x10’
S5 17.663 6.551x10° 9.254x10° 1.227x10° 1.863x10’ 2.748x10’ 3.693x10’
S6 19.159 6.926x10° 1.005x10° 1.348x10° 2.132x10’ 3.254x10’ 4.430x10’

increase by 208.5% and 345.6% respectively. There-
fore, it can be concluded that the increase in the
slenderness of the main hulls will result in a signifi-
cant increase in the comprehensive structural load.
Table 5 shows the comparison results of the sea-
keeping and load between hull forms with the mini-
mum /B and maximum L/B in typical sea states. Ac-
cording to Table 5, in sea state 4, the pitch motion re-
sponse of S6 decreases by 60.35% compared with
that of S2, but the maximum bending moment in-
creases by 208.54%, and the load changes sharply.

Thus, an over slender main hull is very disadvanta-

Table 5 Summary of typical significant values of
motion and load
Hull number
Increase
52 56 rate/%
(L/B=12.270) (L/B =19.159)
Sea state 4 3.255x10° 6.926x10° 112.78
Maximum
Sea state 5 3.701x10’ 1.005x10° 171.55
shear force/N
Sea state 6 4.648x10’ 1.348x10° 190.02
Maximum Sea state 4 6.910x10° 2.132x107 208.54
bending Sea state 5 7.914x10° 3.254x10’ 311.17
moment/(N*m) Qe state 6 9.943x10°  4.430x107  345.54
Sea state 4 1.338 0.876 -34.53
Heave/m Sea state 5 2.126 1.745 -17.92
Sea state 6 3.313 3.075 -7.18
Sea state 4 1.266 0.502 -60.35
Pitch/(°) Sea state 5 1.202 0.643 -46.51
Sea state 6 0.981 0.616 -37.21

geous to the structural load.

3 Comparison of direct load calcu-
lation with the British Lloyd's
Rules (LR)

For the sake of safety of the ships, the Lloyd's
Rules (LR) "” formulated the comprehensive load
rules. The equations for the vertical bending moment
and shear force are as follows:

M, =FD.M

0,=3K.M,/L, (2)
where: D and K, respectively represent the distri-
bution factors of bending moment and shear force;
F  is the coefficient associated with hogging and sag-
is the coefficient related to the ruled
length L, , breadth of the design ship and the block

coefficient.

ging; M,

Fig. 19 compares the presented numerical results
with the LR rule's results regarding to the load distri-
bution of S5 and S6 derived ships in sea state 6. It
can be seen that the numerical bending moments of
the two ships are very close to the design loads in the
LR and the maximum value may exceed the design
value of rule; while the numerical result of the sec-
tional shear force has exceeded the rule's result. This
indicates that the extremely slender hull will result

in a significantly high longitudinal load. Considering
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the hull strength and safety, Thus, as the hull
strength and navigation safety in high sea states
should be guaranteed, the total cost of the very slen-

der trimaran must be greatly increased.
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Fig.19 Comparison between design loads in LR and calculated
vertical loads of S5 and S6 ship in sea state 6 (7,=10s,
H, ,=5m)

4 Conclusions

In this paper, a series of derived hull forms are ob-
tained from the survey of the variation range of the
principal dimensions of trimaran and the hull form
transformation method based on the offsets, under
the condition that the displacement and prismatic co-
efficient of the main hull keep constant. Through the
direct calculation of the motion response and wave
load of the six derived ship hull schemes in head sea
and the comparison between the total longitudinal
load and the LR, the following conclusions are ob-
tained:

1) The L/B of main hull of trimaran is between 12
and 18. With the increase of L/B, the transfer func-
tion and short—term forecast results show that the
heave and pitch motion of the ships will decrease in
head sea, indicating that the slenderer main hull con-
tributes to better seakeeping performance.

2) The effect of the slenderness of main hull on

the longitudinal wave load is contradictory to the mo-
tion. The hull load increases with the increment of
the L/B. Very large slenderness of the main hull will
has negative impact on the longitudinal structural
load.

3) Slender main hull of trimaran is beneficial to
the resistance and seakeeping. But in high sea state,
it introduces high wave load which may exceed the
design load in LR. This will lead to structural safety
issues and cost problems. Hence, it is important to
comprehensively evaluate the seakeeping and longi-
tudinal wave loads when determining the principal
dimensions of the main hull in the preliminary de-

sign of a slender trimaran.
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