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The Model Experiments on the Pusher-Barge Transport Systems
Concerning the Manoeuvring and the Seakeeping Qualities

Yasufumi Yamanouchi, Taihei Yoshino, Makoto Kan
and Toshihiko Saruta

The model tests were carried out in still water and in regular waves, using the models consisted

of a pusher with many kinds of combination of the barges.

The vessels were connected rather rigidly by a steel pipe and moments around three axes were

measured together with all modes of motions.

In this paper, the motions and the forces measured will be shown in the scale of the model.

The results, however, can be applied to the design of the actual ship connection if the difference

of the connecting method are carefully considered.

L ¥ 2 N &

TPARRE FRIZ T AV, 2 —r o3, VEST
FZESh, & LTHBKBETMYAL BRI TY
LEEHRT, TOEMIPLIELHEMI LT
Do LMBEICE VT D IMEERX TR Lo —5K
L LT ZoE TRt s, BRic—ERftE
T3, PMUEDILDTH D, THhEIRENE
MR A 5 AT, BRNERIE b <Ak
Ve X, BCK TR INIMEEL X OE $RAT 2
ZEh, TOBRKBORREN, BREME, HLE
1%, RFFESER, boEECKHEELIGE> LEBb
NEDTEHLOMERD D EZEZ5RD,

AR ZE AT I 35V > TV A FN394E BE s & 1RAT AT IR
EHROWEZdhw, WM 40411 A, %55 Ef0E
FIIR IR R R A 3o\ TIP3 1E v AE 1< [
L, “—f&AR" WL &R & OMMNAKTEES % i
WU T ORERZ S THEMEZT O FRE, “ L%
R LIRS ERTMEELTERT 5 TR L
DV TDILEEROFERZI|RE L, FREEIEIC

VR AR SR IR RN A S oM S
mL, BESOEH TS UTHMRLE, KER1E,
JNEIR 6 OB AER L, £EOoMAsE IR
W THRBLRE DIEIEARE (— R H R D %), BIFEMRE, &
B UM SR AND B I DWW TERMA LT - 72,
2. BEREIUREBAEE

2-1 # B i

LA — R WS TS IRFIRN M 2 KB 5
L, 1EOMRN 1 EORBBETHTIHRE, 1
EOMC/MIBEBEITHT2ERE T S h
%, AERTILITROAE TR OFAEIEV & T
XN b 7T0m &R E 30m #&43, kOt 1,000B.P.S
FRAPRE GRSy 12kn, PHUETT 6~Tkn) XD 7%
LA 2 ABEL, Zh b o 1/12 FERARRIE R
ERI T 72, Table 1 i3 ABEMO Pk, Figs.
1~3 o+ of, Table 2 CHBMROETE~FEE TR
L7z,

Trds, MARIZ WAL, 2T X —R@HTED
BRI TH B3, AERTIIHEERFERBROMA

* B

(345)




Table 1. Principal Dimensions of the Assumed Ships

Length over all | Length bet. p.p. | Breadth mld. Depth mld. Draft
L P B D d
Pusher boat 24.28m 22.00m 7.50m 3.60m 2.30m
70 m Barge 70.00 70.00 12.00 5.00 4.00
30 m Barge 28.40 26.85 6.6 2.645 2.08

Table 2. Principal Dimensions of models

Length over all | Length bet. p.p. | Breadth mld. | Depth mld. Draft Displacement
Lpp B D d v
Pusher boat 2.02m 1.83m 0.625m 0.30m 0.192m (0.127ton
70 m Barge 5.83 5.83 1.00 0.417 0.333 1.670
30 m Barge 2.36 2.24 0-55 0.22 0.173 0.191
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Rod Connecting

Hinge Connecting

Pusher-Barge Line system tested

Table 3. Principal Dimensions of Barge
Line models
Barge Length bet. Breadth Rudder
Line p.p- mld. arearatio

system Lypyp B Ar/Lypp-d
A 1.83m 0.625m 1/9.1
B 7.80 1.00 1/60
C 9.20 1.10 1/39
D 9.20 1.10 1/39
E 6.76 1.10 1/29
Fi 4.30 1.10 1/19
Fy 4.30 1.10 1/19

Clearance betwee Vessels=0.065m
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Photo 1 (a) B system

Photo 1 (b) C system

Photo 1 (c) D system

Photo 1 (d) E system



Photo 1 (e) F3 system
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Photo 3 Connecting hinge
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Comparison of turning rate with a tug boat
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Pusher boat Tug boa_t_
Lyp 1.83m 2.6m
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Cb 0.578 m 0.528 m
L/B 2.9 3.2
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Rudder aria ratio 1/18% 2 1/19% 2
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Fig. 17. Distribution of the horizontal bending
moment acting on the connecting rod of the
D-system during steering §=Port 35° Fp=0.1
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Fig. 22. Rolling and pitching response of the
B-system in oblique regular waves
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Fig. 24. Rolling and pitching responseof the B-system with forward speed Frp=0.12

(358)




kg-m
25

w

AN
A=4m Fo=0"

S

1 L L L]
100 120° 140° 160° 180°

1 1
0° 20° 40° 60° 80°

x
(a) Vertical bending moment

: 1

0° 20° 40°

1 1 1 1 1 1 1

60° 80° 100° 120° 140° 160% 180°
v

(¢) Torsional moment

Fig. 25. Vertical and horizontal bending moment
and torsional moment of the B-system with
forward speed Fp=0.12
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Fig. 28. Vertical and horizontal bending moment
and torsional moment at point A of the D-
system Fp=0 Hw/1=1/85
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Table 5. Maximum values experienced during the turning and in waves

System Vertﬁﬂmlzﬁ?ding Horiz?rr:(t)?rll eﬁ‘fnding Torsional moment
Turning §=35°
6.5kg-m (140 Ton-m) | 2.6kg-m (56.5 Ton-m)
D 7.5kg-m (165Ton-m) |2 kg-m (43 .5.T0n—m)
In Waves Hw/4i=1/85
Frn=0 23kg-m (500 Ton-m) 9 kg-m (195 Ton-m) | 1.8kg-m (39 Ton-m)
Frn=0.12 25kg-m (545 Ton-m) 8.7kg-m (190 Ton-m) | 2 kg-m (43.5Ton-m)
Fp=0 39 kg-m (850 Ton-m) 23 kg-m (500 Ton-m) | 3.2kg-m (70 Ton-m)
Fi1 Fn=0 10kg-m (220 Ton-m)
In Waves Hw/2=1/70
Vertical Force Horizontal Force
Fs Fp=0 4.2kg (7.3Ton) 7kg (12 Ton)
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