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ABSTRACT

This study concerns the preliminary seakeeping analysis of a river barge of 3000 T with
length of 90 m and two main loading conditions: full cargo and ballast. As environmental
conditions the maximum wave heigh is 2 m, with whole range wave-barge heading angle,
specific for all the river navigation zone. The maximum speed of the river barge is 15
km/h. The numerical analysis involves a linear seakeeping code by strip-theory method
and short-term irregular waves approach, representing a preliminary simplified evalua-
tion of the navigation capabilities of the river barge.

Keywords: river barge, linear seakeeping, short-term analysis, irregular waves.

1. INTRODUCTION

For a river barge of 3000 T, the prelimi-
nary seakeeping analysis by linear strip-
theory method [1] is developed in this study.

Figs.1,2 present the transversal stability
charts, resulting in the peak healing angle @,z
equal to 13.50 deg (F) and 23.75 deg (B).

GZ[m] B3000F Static transversal stability z6=3.0371m
Table 1 presents the main characteristics o0
of the 3000 T river barge [2], with two loading 0251
conditions: full cargo (F) and ballast (B). The 0201
river barge has an almost prismatic shape. s
Table 1. The 3000 T river barge data [2]. 010
L[m] 90 | Load: | Full (F) | Ball (B) 005
H[m] 45 | A[t] |3620.73 | 507.73 oo e N, e
Bm 11 d m 3912 0.565 :) 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
sta‘Eior]ls 390 d@{m} 3634 0.565 Fig.1 Barge 3000 T, GZ[m], full cargo (F).
oy . .
points 11700 dm[m] 3.799 0.565 45 . CZml B3000B Static transversal stability 26=1.991715m
0, 5, 8, xg[m] | 43.145 | 42.252 ol
vk 1y s m) | 44968 | 42.170 | |
g[m/s’] | 9.81 | zg[m] | 1.932 | 0.287
p[t/m’] |1.025]zg[m] | 3.037 1.992 sl
spectrum | ITTC| #[m] | 2.748 | 18.380 ol
Hi  [/m][2.000| hg[m] | 1.643 | 16.675 sl
,u[deg] 0+180 TheaV@[S] 5.457 3.692 0.0 —— ey it
Jxx[tmz] F 32231 sz[ch[s] 5'102 3.828 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Jo[tm?] B| 9756 | T...[s]| 5.826 2.188 Fig.2 Barge 3000 T, GZ[m], ballast (B).

© Galati University Press, 2022 63



Fascicle X1

The Annals of “Dunarea de Jos” University of Galati

Table 2 presents the required seakeeping
limit values used for the preliminary simplified
evaluation of the river barge of 3000 T.

Table 2 Seakeeping limit values (adm).

Loading case Full (F)|Ballast (B)
RMS7,p-aam] 0.488 | 3.835
RMSZm-adm[m] 0602 3835
RMSva-adm[m] 0716 3834
RMSRm'tch-adm [deg] 1 1
RMSRroll—adm [deg] 4 4
RMS e peave-aam|m/s’] | 0.491 | 0.491
RMSgace pirchainldeg/s’] | 1.248 | 1.175
RMSpaceroraamldeg/s’]  [10219] 15.329

The preliminary seakeeping analysis of the
3000 T river barge is done by a linear strip the-
ory approach implemented in own DYN(OSC)
code [3], validated by several tests [4], [5].

2. FULL CARGO (F), 3000 T RIVER
BARGE DYNAMIC ANALYSIS

2.1 RAO’s functions of the 3000 T river
barge, full cargo loading case

The linear strip theory [3] applied to the
river barge of 3000 T on full cargo loading
case, with unit amplitude regular wave exci-
tation, delivers the deterministic hydrody-
namic response in the frequency domain:
-Fig.3, heave R40, v=0 km/h, full;
-Figs.4.1-5, heave RAO, 1=0-180 deg, full;
-Fig.5, pitch RAO, v=0 km/h, full;
-Figs.6.1-5, pitch RAO, 1=0-180 deg, full;
-Fig.7, roll RAO, v=0 km/h, full;
-Figs.8.1-5, roll RAO, 1=70-110 deg, full;
function to the v barge speed, x heading an-
gle, and @ wave circular frequency.

RAO, [m/m] Heave v= 0 km/h Barge B3000 FULL
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11+ 45 deg
1.0 ¢ ——90 deg
09 + ——135deg
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Fig.3 Heave RAO [m/m], v=0 km/h, (F).
64

12 RAO, [m/m] Heave v=0 - 15 km/h =0 deg Barge B3000 FULL

—0km/h
1.1 4
5km/h
1.0 4
——8km/h
0.9
— 11 kmh
038
——15 kmh
0.7 A
06
05
04
0.3
027 o [rad/s]
0.1
0.0 ; ; ; ; ; ; : : :
000 025 050 075 100 125 150 175 200 225 250

Fig.4.1 Heave RAO[m/m], u=0, v=0-15 km/h,(F).

12 RAO, [m/m] Heave v=0 - 15 km/h 1=45 deg Barge B3000 FULL
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Fig.4.2 Heave RAO[m/m],pu=45, v=0-15knvh,(F).

RAO_ [m/m] Heave v=0 - 15 km/h 1=90 deg Barge B3000 FULL
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Fig.4.3 Heave RAO[m/m],1=90, v=0-15km/h,(F).

12 RAO_ [m/m] Heave v=0 - 15 km/h 1=135 deg Barge B3000 FULL
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Fig.4.4 Heave RAO[m/m],pi=135,=0-15knvh,(F).

12 RAO, [m/m] Heave v=0 - 15 km/h =180 deg Barge B3000 FULL
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Fig.4.5 Heave RAO[m/m],p=180,1=0-15km/h,(F).
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The maximum heave RAO is obtained
at beam waves. The speed influence is re-
duced on following and stern oblique waves,
being recorded mainly on fore oblique and
head waves (Figs. 3,4).

RAOQg [rad/m] Pitch v = 0 km/h Barge B3000 FULL
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Fig.5 Pitch RAO [rad/m], v=0 km/h, (F).

RAOQ, [rad/m] Pitch v=0 - 15 km/h 1=0 deg Barge B3000 FULL
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Fig.6.1 Pitch RAO[rad/m], p=0, v=0-15 knvh,(F).
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Fig.6.4 Pitch RAO[rad/m],u=135,=0-15km/h,(F).

RAO, [rad/m] Pitch v=0 - 15 km/h =180 deg Barge B3000 FULL
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Fig.6.5 Pitch RAO[rad/m],p=180,y=0-15knvh,(F).

The maximum pitch R4AO is obtained at
the fore oblique waves and minim at beam
waves. The speed influence is recorded for
all the heading angles (Figs.5,6).

RAO [rad/m] Pitch v=0 - 15 km/h =45 deg Barge B3000 FULL
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Fig.6.2 Pitch RAO[rad/m],p=45, =0-15km/h,(F).

RAOQj [rad/m] Pitch v=0 - 15 km/h 1=90 deg Barge B3000 FULL
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Fig.6.3 Pitch RAO[rad/m],u=90, v=0-15km/h,(F).
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RAOQJrad/m] Roll v=0 km/h Barge B3000 FULL z5=3.0371m
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Fig.7 Roll RAO [rad/m], v=0 km/h, (F).
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Fig.8.1 Roll RAO[rad/m], p=70,=0-15 km/h,(F).
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RAO, [rad/m] Roll v=0 - 15 km/h =80 deg Barge B3000 FULL
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Fig.8.2 Roll RAO[rad/m],u=80, v=0-15km/h,(F).
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Fig.8.3 Roll RAO[rad/m],u=90, v=0-15km/h,(F).

RAO, [rad/m] Roll v=0 - 15 km/h =100 deg Barge B3000 FULL
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Fig.8.4 Roll RAO[rad/m],pi=100,=0-15knvh,(F).
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Fig.8.5 Roll RAO[rad/m],pi=110,1=0-15knvh,(F).

The maximum roll RAO is obtained at
beam waves when there is no speed influ-
ence. For follow and head waves roll is zero.
The speed influence can be recorded for stern
and fore oblique waves (Figs.7, 8).
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2.2 Short-term response of the 3000 T
river barge, full cargo loading case

The short-term statistical analysis of the
dynamic response approach [1],[3] applied to
the river barge of 3000 T on full cargo load-
ing case, with ITTC [3] irregular waves spec-
trum, delivers the most probable statistical
response RMS for the oscillation components:
-Figs.9.1-3, wvertical combined motions,
maximum short-term RMSy, aft (pp), mid (m)
and fore (pv), v=0-15 km, £~=0-180 deg, full;
-Figs.10.1-2, pitch and roll motions, maxi-
mum short-term RMSg, v=0-15 km, £~=0-180
deg, full;
-Figs.11.1-3, heave, pitch, and roll accelera-
tions, maximum short-term RMS,.., v=0-15
km, £=0-180 deg, full.

RMS 7 (Aft)lm] Vertical mot.max. B3000 FULL (adm 0.488m) z6=3.0317m
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Fig.9.1 Maximum RMSy,,[m], full cargo (F).

RMS z(Mid)[m] Vertical mot.max. B3000 FULL (adm 0.602 m) z5=3.0317m
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Fig.9.2 Maximum RMSy,,[m], full cargo (F).
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Fig.9.3 Maximum RMSy,[m], full cargo (F).
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RMS , [deg] Pitch max. B3000 FULL (adm 1.00 deg) z5=3.0317m
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Fig.10.1 Maximum RMSg,;.;, [deg], full cargo (F).
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Fig.10.2 Maximum RMSy,,;[deg], full cargo (F).
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Fig.11.1 Maximum RMS,cc.peave[m/s’], (F).
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Fig.11.2 Maximum RMSgqccpicn[deg/s’], (F).

In the full cargo case, from the short-
term statistical analysis results that the navi-
gation restrictions occur on vertical com-
bined motions at aft and fore for the whole
range of speed and heading angles
(Figs.9.1,3), on vertical combined motions at
midship for the whole range of speed and
1=30-150 deg (Figs.9.2), on roll motion for
the whole range of speed and u=75-105 deg
(Figs.10.2), without restrictions on pitch and
acceleration criteria (Fig.10.1, Fig.11.1-3).

Combining the seakeeping criteria (Ta-
ble 2) results in the preliminary seakeeping
capabilities of the 3000 T river barge on full
cargo case (Fig.12), in terms of Hj significant
wave height.

Table 3 presents a synthesis of the Hj
limits for safe navigation of the 3000 T river
barge on full cargo case (F) function to the
speed in the range of 0 and 15 km/h.

——v=0km/h

Hsjimit[m] B3000 FULL ZG=3'03107 m
4482 1015 5

——v=5km/h
——v=8km/h
——v=11km/h
——v=15km/h

55
\
\ 60

65

Fig.12 H;,;[m], river-barge, full cargo (F).

12,0 MO0 €l Rl acemax B3000 FLLL (st 10219 degls”) 26230317 Table.3 Preliminary seakeeping navigation
. — limits for the 3000 T river barge, full cargo (F).
501| —casm v[km/h] Hjimi[m]
s01| —tsran pldegl] 0 | 90 | 180 | pyy | min
N 0 |1.311] 0.881 | 1.318 | 100 | 0.841
n 5 ]1.339/ 0.870 | 1.307 | 80 | 0.840
J deg) 1.366) 0.862 | 1.317 | 80 | 0.830
Mo m 4 w0 7 s s m s 10 s w0 11 [1.390] 0.855 | 1.333 | 80 | 0.819
Fig.11.3 Maximum RMSgqcc.ron[deg/s’], (F). 15 [1.398 0.845 | 1.351 | 80 | 0.804
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3. BALLAST (B), 3000 T RIVER
BARGE DYNAMIC ANALYSIS

3.1 RAO’s functions of the 3000 T river
barge, ballast loading case

The linear strip theory [3] applied to the
river barge of 3000 T on the ballast loading
case, with unit amplitude regular wave exci-
tation, delivers the deterministic hydrody-
namic response in the frequency domain:
-Fig.13, heave RAO, v=0 km/h, ballast;
-Figs.14.1-5, heave RAO, 1~=0-180 deg, ballast;
-Fig.15, pitch RA0, v=0 km/h, ballast;
-Figs.16.1-5, pitch RAO, 1~0-180 deg, ballast;
-Fig.17, roll RAO, v=0 km/h, ballast;
-Figs.18.1-5, roll RAO, 1=70-110 deg, ballast.
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0414 o [rad/s]

0.0
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Fig.13 Heave RAO [m/m], v=0 km/h, (B).
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Fig.14.1 Heave RAO[m/m],u=0,=0-15 knvh,(B).
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Fig.14.2 Heave RAO[m/m],p=45, v=0-15km/h,(B).
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RAO, [m/m] Heave v=0 - 15 km/h =90 deg Barge B3000 BALL
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Fig.14.3 Heave RAO[m/m],u=90, v=0-15knvh,(B).
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Fig.14.4 Heave RAO[m/m],u=135,=0-15km/h,(B).
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Fig.14.5 Heave RAO [m/m],1=180,1=0-15km/h,(B).
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Same as for the full load, the maximum
heave RAO is obtained at beam waves. The
speed influence is reduced on whole heading
angle range for the heave RAO (Figs. 13,14).
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Fig.15 Pitch RAO [rad/m], v=0 km/h, (B).
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Fig.16.1 Pitch RAO[rad/m],u=0,,=0-15 kn/h,(B).
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Fig.16.2 Pitch RAO[rad/m],u=45,=0-15km/h,(B).

RAO, [rad/m] Pitch v=0 - 15 km/h 1=90 deg Barge B3000 BALL
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Fig.16.3 Pitch RAO[rad/m],pi=90, v=0-15km/h,(B).

RAO, [rad/m] Pitch v=0 - 15 km/h =135 deg Barge B3000 BALL
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Fig.16.4 Pitch RAO[rad/m],p=135,=0-15km/h,(B).

RAO [rad/m] Pitch v=0 - 15 km/h 1=180 deg Barge B3000 BALL
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Fig.16.5 Pitch RAO[rad/m],u=180,y=0-15km/h,(B).
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The maximum pitch R4AO is obtained at
head waves and very reduced at beam waves.
The speed influence is manly for fore oblique
and head waves conditions (Figs. 15, 16).

0.600 - RAO)rad/m] Roll v=0 km/h Barge B3000 BALL z=1.991715m
: ——70 deg
——80deg
0.500 + ——90 deg
——100 deg
0.400 - —110deg
0.300 +
0.200 +
0.100 +
o [rad/s]
0.000 + +
0.00 1.00 2.00 3.00 4.00 5.00

Fig.17 Roll RAO [rad/m], v=0 km/h, (B).

RAOQ, [rad/m] Roll v=0-15 km/h u=70 deg Barge B3000 BALL

06
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0.4
——15km/h
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0.2

0.1
i } é A o [rad/s]

0.0+
0.00 1.00 2.00 3.00 4.00 5.00

Fig.18.1 Roll RAO[rad/m], u=70,=0-15 km/h,(B).

06 RAO, [rad/m] Roll v=0-15 km/h ;=80 deg Barge B3000 BALL
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—11kmh
0.4
— 15kmh
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0.0 4 d
0.00 1.00 2.00 3.00 4.00 5.00

Fig.18.2 Roll RAO[rad/m],u=80, v=0-15km/h(B).

06 RAOQ, [rad/m] Roll v=0-15 km/h 1=90 deg Barge B3000 BALL

26=1.991715m —0kmh
——5kmh
0.5
—8kmh
— 11 kmh
0.4
— 15kmh
03
0.2
0.1
o [rad/s]
0.0 + + + +
0.00 1.00 2.00 3.00 4.00 5.00

Fig.18.3 Roll RAO[rad/m],u=90, v=0-15km/h(B).
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07 RAOQ, [rad/m]Roll v=0-15 km/h l‘:100 deg Barge B3000BALL 4.00 RMS 7 (Aft)[m] Vertical mot.max. B3000 BALL (adm 3.835m) z5=1.991715m
) 26=1.991715m —0kmh ———
06 7 Skmh 890 V=5 kmih
——8kmh 3.00 + —v=8 km'h
0.5 7 —11kmh 250 — V=11 kmh
—15kmh § —v=15 km/h
0.4 7 2.00 —adm
0.3 + 1.50 +
ol 100 7_’/\/\
0.50
0.1 n [deg]
o [radls] 0.00
0.0 N [ 15 30 45 60 75 90 105 120 135 150 165 180
000 100 200 300 400 500 Fig.19.1 Maximum RMS,, [m], ballast (B).
Fig.18.4 Roll RAO[rad/m]’MZIOO,‘):O—ISM’(B). 4.00 RMS z(Mid)[m] Vertical mot.max. B3000 BALL (adm 3.835 m) zz=1.991715m
3.50 4 = V=0 km/h
06 RAO, [rad/mIRoll v=0-15 km/h ;=110 deg Barge B3000 BALL 200 | V=5 kmh
’ 26=1.991715m —okmh : ::‘?‘k:"w"h
s 5kmh 2.50 7 —\=15 kmh
B —— 8 km/h 2.00 —adm
— 11 km/h
041 —15kmh 150 7
osl 1.00 A
. 0.50
02+ 0.00 p110eg]
0 15 30 45 60 75 90 105 120 135 150 165 180
1 ot Fig.19.2 Maximum RMS7,[m], ballast (B).
0.0 ; h > ' 4 RMS z[mj(Fore) Vertical mot.max. B3000 BALL (adm 3.834m) z5=1.991715m
.00
0.00 1.00 2.00 3.00 4.00 5.00
250 4 —v=0 km/h
Fig.18.5 Roll RAO[rad/m],;=110,=0-15knmvh,(B). 300 | e
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Fig.21.1 Maximum RMS ,ccpeare[m/s*], (B).
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Fig.21.2 Maximum RMSg,cc.pien[deg/s’], (B).

RMSac ¢ [degs’] Roll acc.max. B3000 BALL (adm 15.329 deg/s’) ze=1.991715m
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Fig.21.3 Maximum RMSgycc..o[deg/s’], (B).

On ballast case, from the short-term sta-
tistical analysis results that the navigation re-
strictions occur only from the heave accelera-
tion criteria (Fig.21.1), for whole speed range
and p=85-100 deg. The other seakeeping cri-
teria lead to no restriction (Figs.19-21).

Combining the seakeeping criteria (Ta-
ble 2) results the preliminary seakeeping ca-
pabilities of the 3000 T river barge on ballast
case (Fig.22), in terms of H; significant wave
height.

Table 4 presents a synthesis of the Hj
limits for safety navigation of the 3000 T
river barge on ballast case (B) function to the
speed in range of 0 and 15 km/h.
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Hsimt(m] B3000 BALL z5=1.991715 m ——v=0 km/h
v=5 km/h
——v=8km/h
——v=11km/h

——v=15km/h

180

Fig.22 H;,[m], river-barge, ballast (B).

Table.4 Preliminary seakeeping navigation
limits for the 3000 T river barge, ballast (B).

v[km/h] Hgjimil[m]

u [deg]| O 90 180 | ppin | min
0 [2.000] 1.762 | 2.000 | 90 | 1.762
5 [2.000] 1.766 | 2.000 | 90 | 1.766
8 [2.000] 1.767 | 2.000 | 90 | 1.767
11 2.000] 1.768 | 2.000 | 90 | 1.768
15 2.000] 1.768 | 2.000 | 95 | 1.745

4. CONCLUSIONS

The change in the loading condition leads
to different behavior in regular waves. The val-
ues of the natural oscillation periods are changed
from 5.102-5.826 s on the full cargo case to
2.188-3.828 s on the ballast case (Table 1).

The navigation restrictions in irregular
waves by short-term statistical analysis are
different in the two loading cases of the river
barge of 3000 T:

- on full cargo the vertical combined motions
and roll criteria are leading to restrictions,
with H;i[m] = 0.804-0.841 m at p = 80
deg, corresponding to ~ IN(0.8) (Table 3);

- on ballast only the heave acceleration crite-
ria leads to restrictions, with Hg;,,[m] =
1.745-1.768 m at p = 90 deg, corresponding
to IN(1.7) condition (Table 4).

In conclusion, the 3000 T river barge in
full cargo navigation has higher restrictions as
in ballast, and beam waves must be avoided.
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