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ABSTRACT

The design of the river-costal vehicles imposes the assessment by several hydrodynamic and
structural criteria. This research involves the evaluation of a river-costal boat made of GRE
composite materials at full load condition. The boat’s navigation area covers the Danube in-
land and costal zones, modeled as irregular oblique waves. The analysis is based on a strip-
theory hydrodynamic approach and short-term statistical dynamic response approach,
delivering the seakeeping performances prediction of the river-costal boat.
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1. INTRODUCTION

This study involves the prediction of the
seakeeping performances of a river-costal
boat made of composite materials GRE [1].

The main data of the river-costal boat
are presented in Table 1 with the offset lines
in Fig.1 and the transversal stability diagram
in Fig.2, for a set of vertical position of the
gravity centre (z¢).

Table 1. The data of river-costal boat GRE [1].

Los[m] 24.660 Full load

Ly [m] 23.500 Alt] |71.022

B[m] 6.000 7m] 1.5
D[m] 3.650/4.250 | xg[m] [10.751
Sections 200 xF[m] | 9.786
v[knots] 015 (4) zg[m] | 1.026
r[m] 2.513 Theave[s] | 2.871
Onaxczldeg] | 49.50+61.50 | Tpien[s] | 2.830

Ho[m] Troll[s] kd[%] 0% 5%
0+2 (0.008) 1.5 | 3.876 | 3.911
Wave 1.8 | 4.368 | 4412
ITTC zg[m]| 2.1 | 4963 | 5.018
1 [deg] 24 | 5745 | 5.814
0+180(5) 2.7 | 6.926 | 7.021
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In order the include the bilge keels in-
fluence, an equivalent supplementary damp-
ing (ks) formulation is applied, referenced to
the roll critical damping values [2].
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Fig.1 River-costal boat GRE, offset-lines [1].
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Fig.2 River-costal GRE boat, stability diagram.

The numerical analyses are carried out
by eigen DYN [2] programs set, based on
strip-theory hydrodynamic approach and
short-term statistical dynamic response ap-
proach [3],[4], with experimental validation
[5]. The seakeeping criteria admissible val-
ues (Table 2) are formulated for the most
probable response amplitudes RMS, on main
motions and accelerations (heave, pitch, roll).

Table 2 Seakeeping criteria admissible values.

RMSs[m] 1.850RMS,ircs[rad] 0.052
RMS,idm]  |1.850RMS, e rad/s2]0.198
RMSpe[m]  P.450RMS,irad] __ [0.087
RMS)earoace US4 T2RMS oi1ace[rad/s?] 0,164

2. AMPLITUDE OPERATOR
RESPONSE FUNCTIONS (RAO)
OF THE RIVER-COSTAL BOAT

The dynamic response analysis in regu-
lar waves lead to the computation in the fre-
quency domain of the response amplitude
operator functions (R40) [4], for the main
motion components of the river-costal boat.

The RAO functions for heave oscilla-
tions are presented in Figs. 3.a-b, Figs.4.a-c.
The maximum RAO for heave results at
oblique fore and head (¢~135-180 deg) waves,
with speed influence noticed for @ >0.75 rad/s.

RAO, [m/m] Heave v= 0 knots GRE-RC-BOAT

—0deg
45 deg
——90 deg
—— 135 deg
— 180 deg

o [rad/s]

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Fig.3.a RAO[m/m] boat heave, v=0 kn.

RAO, [m/m] Heave v= 15 knots GRE-RC-BOAT
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Fig.3.b RAO[m/m] boat heave, v=15 kn.
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Fig.4.a RAO [m/m] boat heave, ;=0 deg.

RAO, [m/m] Heave v=0 - 15 knots u1=90 deg GRE-RC-BOAT

—O0kn
akn
—8kn
—12kn
—15kn

0.8
0.6
04 +

o [rad/s]
0.2 1

0.0
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50

Fig.4.b RAO [m/m] boat heave, =90 deg.

RAO, [m/m] Heave v=0 - 15 knots u=180 deg GRE-RC-BOAT
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Fig.4.c RAO [m/m] boat heave, =180 deg.

The RAO functions for pitch oscillations
are presented in Figs. 5.a-b and Figs.6.a-c. The
maximum RAO for pitch motion results at
oblique fore and head (¢t~135-180 deg) waves,
for speed v>8 knots. Noticible pitch results also
at follow waves (1~0 deg). The minimum pitch
motion is at beam (1~90 deg) waves. The boat
speed influence is significant in the range of
@=1.00-2.50 rad/s.
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0.180 RAOQ, [rad/m] Pitch v = 0 knots GRE-RC-BOAT
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Fig.5.a RAO [rad/m] boat pitch, v=0 kn.
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Fig.5.b RAO [rad/m] boat pitch, v=15 kn.

0180 RAO, [rad/m] Pitch v=0 - 15 knots y=0deg GRE-RC-BOAT
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Fig.6.a RAO [rad/m] boat pitch, =0 deg.

0.180 RAO, [rad/m] Pitch v=0 - 15 knots u=90deg GRE-RC-BOAT
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Fig.6.b RAO [rad/m] boat pitch, 1~90 deg.

0180 RAO, [rad/m] Pitch v=0 - 15 knots ;=180deg GRE-RC-BOAT
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Fig.6.c RAO [rad/m] boat pitch, 1~=180 deg.
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The RAO functions for roll oscillations
are presented in Figs. 7.a-f, Figs.8.a-f and
Fig.9.a-b, for boat speed v=0 and 15 knots,
zg=1.5-2.7 m, without (0%) and with (5%)
bilge keels. The maximum RAO for roll mo-
tion results around the beam waves domain
(1770-120 deg), with a noticeable speed influ-
ence in the range of @=0.50-1.50 rad/s. The
influence of the bilge keels and the increase of
zg are positive, reducing the roll response.

RAQ Jrad/m] Roll v=0 knots GRE-RC-BOAT zg=1.5m (0%)
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Fig.7.a RAO [rad/m] roll,y=0 kn,z=1.5m,0%.

RAOjrad/m] Roll v=0 knots GRE-RC-BOAT ze=1.5m (5%)
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Fig.7.b RAO [rad/m] roll,y=0 kn,z¢=1.5m,5%.

RAOQ,frad/m] Roll v=0 knots GRE-RC-BOAT zg=2.1m (0%)
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Fig.7.c RAO [rad/m] roll,y=0 kn,zc=2.1m,0%.

RAQOrad/m] Roll v=0 knots GRE-RC-BOAT zg=2.1m (5%)
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Fig.7.d RAO [rad/m] roll,y=0 kn,z¢=2.1m,5%.
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RAQ Jrad/m] Roll v=0 knots GRE-RC-BOAT zg=2.7m (0%)
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Fig.7.e RAO [rad/m] roll,v=0 kn,z¢=2.7m,0%.

RAO Jrad/m] Roll v=0 knots GRE-RC-BOAT zg=2.7m (5%)
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Fig.7.f RAO [rad/m] roll,v=0 kn,zc=2.7m,5%.

RAOQ Jrad/m] Roll v=15 knots GRE-RC-BOAT zc=1.5m (0%
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Fig.8.a RAO [rad/m] roll,y=15 kn,z6=1.5m,0%.

RAQO Jrad/m] Roll v=15 knots GRE-RC-BOAT zg=1.5m (5%
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Fig.8.b RAO[rad/m] roll,y=15 kn,z¢=1.5m,5%.

RAQOJrad/m] Roll v=15 knots GRE-RC-BOAT zg=2.1m (0%
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Fig.8.c RAO [rad/m] roll,y=15 kn,z¢=2.1m,0%.

RAQ,frad/m] Roll v=15 knots GRE-RC-BOAT z5=2.1m (5%
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Fig.8.d RAO [rad/m] rolly=15 kn,z=2.1m,5%.

RAQ Jrad/m] Roll v=15 knots GRE-RC-BOAT z¢=2.7m (0%
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Fig.8.e RAO[rad/m] roll,y=15 kn,zc=2.7m,0%.

RAOQ [rad/m] Roll v=15 knots GRE-RC-BOAT z¢=2.7m (5%
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Fig.8.f RAO [rad/m] roll,y=15 kn,zg=2.7m,5%.

RAQJrad/m] Roll v=0 knots 1=90 deg GRE-RC-BOAT 25=1.5-2.7 m (0%)
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Fig.9.a RAO[rad/m] boat roll, =90, v=0 kn, 0%.

RAQJrad/m] Roll v=0 knots 1=90 deg GRE-RC-BOAT z6=1.5-2.7 m (5%)
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Fig.9.b RAO[rad/m] boat roll, 1=90,v=0 kn, 5%.
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3. MOST PROBABLE SHORT-TERM
AMPLITUDE RESPONSE (RMS)
OF THE RIVER-COSTAL BOAT

The statistical response analysis in irregu-
lar waves (ITTC spectrum) lead to the compu-
tation of the short-term most probable ampli-
tudes (RMS) [4], for the main motions and ac-
celeration components of the river-costal boat,
used for the assessment of the navigation limits
by seakeeping criteria (Table 2).

The RMS maximum short-term most
probable response values for combine verti-
cal motions at aft, mid and fore of the boat
(heave-pitch-roll) are presented in Figs. 10.a-
¢, having a moderate influence from the roll
motion parameters. For all the navigation
conditions the combined vertical motions
criterion is satisfied.

The heave acceleration RMS maximum
short-term most probable response is pre-
sented in Fig.11, and the criterion is not satis-
fied for v>12 knots and z=115-180 deg.

The pitch motion RMS maximum short-
term most probable response is presented in
Fig.12, and the criterion is not satisfied for
v>4 knots and £=140-180 deg.

The pitch acceleration RMS maximum
short-term most probable response is pre-
sented in Fig.13, and the criterion is not satis-
fied for v>8 knots and z~110-180 deg.

The roll motion RMS maximum short-
term most probable response is presented in
Figs.14.a-f, and the criterion is not satisfied
for the case without bilge keels (0%) at beam
sea (u=75-120 deg) waves, whole range of
zg=1.5-2.7 and boat speed v=0-15 knots. In
the case with bilge keels (5%) the criterion is
satisfied at limit for zg=1.5m, with a small
overpass for v=0 knots, and no restrictions
for zg>1.5m and boat speed v=0-15 knots.

The roll acceleration RMS maximum
response is presented in Figs.15.a-f, and the
criterion is not satisfied for zg=1.5m, with or
without keels, and for zg=2.1m without keels,
at beam sea waves. In the case without keels
(0%) and zg>2.1 m the criterion is satisfied.
In the case with bilge keels (5%) the criterion
has no restrictions for zg>1.5m.

© Galati University Press, 2024

RMS z (Aft)[m] Vertical mot.max. GRE-RC-BOAT (adm 1.850m)z=1.5m (0%)
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Fig.10.a RMS,;[m] max. boat combined aft.

RMS z(Mid)[m] Vertical mot.max GRE-RC-BOAT (adm 1.850m)zz=1.5m (0%)

—v=0 knots
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Fig.10.b RMS,,;Jm] max. boat combined mid.

RMS z[m](Fore) Vertical mot.max. GRE-RC-BOAT (adm 2.450m)zz=1.5m (0%)

—v=0 knots
v=4 knots
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——v=12 knots
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Fig.10.c RMS;;.[m] max. boat combined fore.

RMSac . [m/s’] Heave acc.max. GRE-RC-BOAT (adm 1.472 m/s)
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Fig.11 RMS)eaveacd[m/s*] max. boat vertical acc.

0.060 RMS , [rad] Pitch max. GRE-RC-BOAT (adm 0.052 rad)
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Fig.12 RMSpic [rad] max. boat pitch motion.



Fascicle X1

The Annals of “Dunarea de Jos” University of Galati

RMSac ,[rad/s*|Pitch acc.max GRE-RC-BOAT (adm 0.198 rad/s”)
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Fig.13 RMSpichacc[rad/s*] max. boat pitch acc.

RMS ¢ [rad] Roll max. GRE-RC-BOAT (adm 0.087 rad) ze=1.5m (0%)
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Fig.14.a RMS;;[rad] max. boat roll,zg=1.5m, 0%.

RMS g [rad] Roll max. GRE-RC-BOAT (adm 0.087 rad) z5=1.5m (5%)
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Fig.14.b RMS,,y[rad] max. boat roll, ze=1.5m, 5%.

RMS ¢ [rad] Roll max. GRE-RC-BOAT (adm 0.087 rad) zs=2.1m (0%)
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Fig.14.c RMS,q[rad] max. boat roll.zc=2.1m, 0%.

RMS g [rad] Roll max. GRE-RC-BOAT (adm 0.087 rad) z5=2.1m (5%)
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0060 +
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0040 +
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Fig.14.d RMS, o [rad] max. boat roll,z¢=2.1m, 5%.
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RMS ¢ [rad] Roll max.GRE-RC-BOAT (adm 0.087 rad) zs=2.7m (0%)
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Fig.14.e RMS,,;[rad] max. boat roll zc=2.7m, 0%.

RMS ¢ [rad] Roll max.GRE-RC-BOAT (adm 0.087 rad) z5=2.7m (5%)
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Fig.14.f RMS,[rad] max. boat roll,z=2.7m, 5%.

RMSac ¢ [rad/s”] Roll acc.max. GRE-RC-BOAT (adm 0.164rad/s’)ze=1.5m (0%)
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0.000 } ; ; ; ; ; ; |
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Fig.15.a RMS, ojiuc[rad/s?] roll acc., zg=1.5m, 0%.

0.250 RMSac ¢ [rad/s’] Roll acc.max GRE-RC-BOAT (adm 0.164rad/s’)zs=1.5m (5%)
— =0 knots
~v=4 knots
0.200 1| — =8 knots
—v=12 knots
— V=15 knots
0.150
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0.100 +
0.050 -+
u [deg]
0.000

0 15 30 45 60 75 90 105 120 135 150 165 180

Fig.15.b RMS,uc[rad/s?] roll acc., ze=1.5m, 5%.

RMSac ¢ [rad/s”] Roll acc.max. GRE-RC-BOAT (adm 0.164rad/s’)zs=2.1m (0%)
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Fig.15.¢ RMS,iacc[rad/s?] roll acc., ze=2.1m, 0%.

© Galati University Press, 2024



The Annals of “Dunarea de Jos” University of Galati

Fascicle XI

RMSac ¢ [rad/s”] Roll acc.max. GRE-RC-BOAT (adm 0.164rad/s’)zs=2.1m (5%)
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Fig.15.d RMS,i[rad/s?] roll acc., zg=2.1m, 5%.

RMSac ¢ [rad/s”] Roll acc.max.GRE-RC-BOAT (adm 0.164rad/s*)zc=2.7m (0%)
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Fig.15.e RMS,uic[rad/s?] roll acc., z6=2.7m, 0%.

RMSac ¢ [rad/s*] Roll acc.max.GRE-RC-BOAT (adm 0.164rad/s”)zc=2.7m (5%)

0.250
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Fig.15.f RMS,viiae[rad/s?] roll acc., zg=2.7m, 5%.

4. THE NAVIGATION SAFETY LIMITS
OF THE RIVER-COSTAL BOAT

The seakeeping criteria applied for the
motions and accelerations obtained by short-
term analysis delivering the most probable
amplitudes (RMS), leads to the evaluation of
the safety limits of the river-costal boat, ex-
pressed as polar diagrams in Hy;mir Wave sig-
nificant height and By Beaufort sea state [4].

Figs.16.a-f, Figs.17.a-f, Figs.18.a-d pre-
sent the safety navigation limits Hyimir, Blimit
polar diagrams, function to the boat speed
v=0-15 knots, heading angle ~0-180(360)
deg, vertical position of the gravity center
zg=1.5-2.7m, bilge keels (k,~=0% or 5%).

A synthesis of the navigation limits by
seakeeping criteria (Table 2) are presented in
Table 3 for the rive-costal boat (Table 1).

© Galati University Press, 2024

——v=0 knots
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Fig.16.c Hymim] boat, zg=2.1 m, 0%.
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Hsimidm] GRE-RC-BOAT z5=2.1 m (5%) ——v=0 knots B imt GRE-RC-BOAT z=1.5m(0%) —— =0 knots
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Fig.17.a Bjjmi boat, zg=1.5 m, 0%.
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Fig.17.b Bji; boat, zg=1.5 m, 5%.
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Fig.16.f Hni{m] boat, zg=2.7 m, 5%. Fig.17.¢ Bjimi boat, z¢=2.1 m, 0%.
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Fascicle XI
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Fig.17.d Bjn; boat, zg=2.1 m, 5%.
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5! 5 ——— V=4 knots
30 30 —— V=8 knots

32829 —— V=12 knots

—— V=15 knots

295
290 70
285 75
280 80
275 85
270 90
265 95
260 100
255 105
250 110
245 115
180
Fig.17.e Bjimi boat, z6=2.7 m, 0%.
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Fig.17.f B boat, zg=2.7 m, 5%.
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Fig.18 .a H;,i{m] boat, v=0 kn,0%, zs=1.5-2.7m.

Hslimit gn
o3P
3

RE-%C-BOAT v=0 knots (5%)
0 1045 59
R
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—2g=2.4m
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Fig.18 .d Hyi{m] boat,y=15kn,5%, zg=1.5-2.7m.
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Table.3 River-costal boat seakeeping limits.

z6[m] [ka[%]] Hstimi[m] [ Biimi{m] | ] deg] [ Criteria

v=0 knots

15 0 0.585 0.53 105 roll
) 5 0.792 0.72 105 roll
18 0 0.841 0.76 105 roll
) 5 1.271 2.17 105 roll
21 0 1.423 2.96 100 roll
) 5 2.000 4.58 - -
24 0 1.710 3.96 100 roll
) 5 2.000 4.58 - -

27 0 2.000 4.58 - -
) 5 2.000 4.58 - -
v=4 knots
15 0 0.627 0.57 100 roll
) 5 0.814 0.73 105 roll
1.8 0 0.916 0.83 100 roll
) 5 1.308 2.36 105 roll
21 0 1.507 3.26 95 roll
) 5 1.809 4.18 180 | pitch
24 0 1.777 4.11 90 roll
) 5 1.809 4.18 180 | pitch
27 0 1.809 4.18 180 | pitch
’ 5 1.809 4.18 180 | pitch
v=8 kn
15 0 0.663 0.60 100 roll
) 5 0.842 0.76 100 roll
18 0 0.971 0.88 100 roll
) 5 1.351 2.59 105 roll
21 0 1.527 3.33 90 roll
’ 5 1.657 3.78 180 | pitch
24 0 1.657 3.78 180 p@tch
) 5 1.657 3.78 180 | pitch
27 0 1.657 3.78 180 p@tch
) 5 1.657 3.78 180 | pitch
v=12 knots
15 0 0.698 0.63 95 roll
) 5 0.866 0.78 100 roll
1.8 0 1.022 0.92 100 roll
) 5 1.206 1.76 180 | pitch
21 0 1.206 1.76 180 | pitch
) 5 1.206 1.76 180 | pitch
24 0 1.206 1.76 180 | pitch
’ 5 1.206 1.76 180 | pitch
27 0 1.206 1.76 180 | pitch
) 5 1.206 1.76 180 | pitch
v=15 knots
15 0 0.714 0.64 95 roll
) 5 0.883 0.80 100 roll
18 0 1.059 0.96 100 roll
) 5 1.072 0.97 180 | pitch
21 0 1.072 0.97 180 | pitch
’ 5 1.072 0.97 180 | pitch
24 0 1.072 0.97 180 p@tch
) 5 1.072 0.97 180 | pitch
27 0 1.072 0.97 180 | pitch
) 5 1.072 0.97 180 | pitch
14

5. CONCLUSIONS

The influence of the navigation parame-
ters on the river-costal boat, speed, heading
angle, vertical position of the gravity center
and bilge keels are in detail analyzed, leading
to the safety limits (Table 3), on Danube and
costal waterways by seakeeping criteria.

For zg=1.5-2.1 m the main restrictions
occur from roll criterion and for zg=2.1-2.7
m the pitch criterion becomes dominant. So
that, for z>2.4m the bilge keels are improv-
ing the dynamic boat behavior only for small
speed range v=0-4 knots. For the high-speed
range v=12-15 knots the main restrictions are
from the pitch criterion.

In conclusion, for a well balance between
the boat’s stability (Fig.2) and the navigation
capabilities an average value of zg=2.1m with
bilge keels (Figs.16-17.d) is recommended as
design for the river-costal boat. For v=0 knots
are no restrictions (Hs=2m), and for v>4 knots
the major restrictions are recorded at head
(1180 deg) waves, Hyimi—1.809 m to 1.022m.
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