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Abstract

The ground ropes function is to keep the net in contact with the sea bottom, and herd fishes to
the entrance of the bag net. In the case of thinking about selective fishing with a drag net, it is
necessary to clarify the shape and herding function of the ground rope. But there are very few
reports about it. In this paper, the author considered forces acting on the ground rope under tow-
ing conditions, and decided the shape of it analytically. The author designed a fish herding model
the ground rope based on the theoretical probability of fiches entering the funnel of a net. Based
on these results, the author investigated the shape and gear efficiency of the ground rope. Finally
the author intended to obtain rational instructions for designing of ground rope.

(1) The construction and weight distribution of three types of ground rope: Danish Seine, Bull
Trawl and Trawl, (typical drag nets operated in Japan), were compared. Weight distribution of
both Danich Seine and Trawl are uniform. But the mean weight of the later is much heavier than
that of the former. It the case of comparison of Trawl and Bull Trawl, the former is long and in-
creases its weight towards the middle. The latter is short and very heavy and shows little differ-
ence in its weight distribution. The difference in fishing methods are clearly influenced in the con-
struction of the two types ground rope.

(2) Three forces: hydraulic resistance of netting concentrated at the lacign line, hydraulic resist-
ance of ground rope, and sliding frictional force between sea bottom are acting on the ground rope
under towing conditions. At equilibrium those forces made a fixed ground rope shape. The au-
thor assumed the ground rope as a connection of segments, and considered an equlibrium among
three components acting on them: horizontal, vertical and tangential components. In general it is
impossible to express the vertical and horizontal component acting on each segment of the ground
rope as a simple function. Assuming that the horizontal component acting on each segment of the
ground rope is constant at any part, the length and end distances are known ahead of time, the
shape of the ground rope was expressed graphically based on the distribution of vertical compo-
nents of it which were obtained experimentaly.

* gl K ¥ EAF AR (Thesis submitted for the Degree of Doctor of Fisheries Science at Hok-
kaido University, September 1988)

*2 g I8 Bk oK EE LB M B 2423 (Laboratory of Fishing Gear Science, Faculty of Fisheries, Kagoshima
University, 50-20 Shimoarata 4, Kagoshima 890, Japan)
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(3) The vertical component acting on each segment of the ground rope under towing conditions
was expressed as the sum of hydraulic resistance, sliding frictional force and sand drag. Drag of
clyinder type of bobbins at different lengths and that of sphere type of bobbins in various directions
were measured both on wet concrete and in a sand tank with water. The drag of two types bob-
bin on a rocky bottom (Fp) had no directional qualities, and may be expressed as the product of
weight of bobbin (W) and drag coefficient (ugo); Fp= pooWs-

The drag coefficient of cylinder type of bobbins and sphere type of bobbins were 0.75 and 0.68
respectively. The drag of cylinder type of bobbins in towed on a sandy bottom is dependent upon
the on attack angle (90° — #), and may be expressed the product of the weight of bobbin (W) and
drag coefficient (u«q) as follows; Fp=usWp.

The drag coefficient is a function of 8 and is expressed as follows; up=10.68 (0.72 sin56+
cos*6). In the case of a sphere, the drag coefficient was denoted a constant value of 0.68.

Hydraulic resistance of model ground rope composed of clyinder type of bobbins was measured
in a circulating tank. Hydraulic drag coefficient (Cp) showed a constant value of about 0.45.

(4) Three types of model ground rope differing in weight distribution were made. These were
examined both on wet concrete and sandy sea bottom under various conditions for the purpose of
measuring shape and resistance. Close agreement was shown between experimental values of the
shape and resistance of them, and those of calculated values obtained by analytically using the drag
coeffieients mentioned above. When the distribution of forces acting on ground rope uder towing
condition are known, the shape of it can be decided using the method proposed in this study. On
the other hand the weight distribution of ground rope for making a certain ground rope shape can
be decided using the method proposed in this study.

(5) The author paid attention to fish reaction to the ground rope and considered a fish herding
model for the ground rope. Theoretical probability of fishes entering the funnel of the bag net was
calculated, and six theoretical types of ground rope: triangle, trapezoid, half ellipse, arc, parabola
and catenary were compared. The fishing efficiency of trapezoid, parabola, half ellipse and caten-
ary showed almost same values under towing condition based on the fish herding model for flat
fish. The wing tips distance at maximum fishing efficiency was wider than usual towing conditions.
Higher fishing efficiency would be expected under that towing condition.

Fishing efficiency of two types of ground rope, middle-weighted Bull Trawl type and heavy-
weighted Trawl type, were compared by towing on a sandy sea bottom using the fish herding mod-
el proposed in this study. Fishing efficiency of the former was a little higher than that of the lat-
ter. This corelates well with the results of field experiments.

(6) The ratio of resistance of ground rope to the total resistance of drag net was about 30-35%
under towing condition. It is imposible to change a ground rope shape under towing condition by
means of variation on the weight distribution of the ground rope. In the case of thinking on the
ground rope shape, it is necessary to consider the hydraulic resistance of netting which were con-
centrated to the lacing lines and acting on the ground rope. The trapezoid shape ground rope was
showed the fishing efficiency using the fish herding model proposed in this study. About 30-35%
of resistance of drag net should act on the points both edge of bosom of ground rope to make a
trapezoid-shape ground rope. It is one method to concentrate whole drag acting on ground rope
and hydraullic resistance of netting there as a results of many considerations on weight distribution
of ground rope and the design of lacing lines.
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Fig. 2-1. Illustration of drag nets typically used in Japan.
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Table 2-1. Specifications of ground ropes used in three types of drag nets.

Net Type Gross ton.  Horse power Length ~ Weight Specific
(ton) (ps.) (m) Air/Water (kg) gravity

Trawl Bobbin 314 1200 57.7 1240/359 1.40
- - 1500 2700 73.0 1426/630 1.79
— - 1500 2700 78.1 1153/658 2.33
- - 1850 3150 78.3 2988/624 1.26
- - 1850 3150 76.4 2360/700 1.42
- - 3000 3500 76.8 2500/754 1.42
- - 2900 3150 64.3 2030/495 1.32
- Wooden*! 1425 2000 55.9 958/400 L7
- Bobbin 2970 3500 78.3 3662/752 1.26
- - 2300 3200 79.1 2900/759 1.35
- Wooden*! 2000 2700 69.3 1700/620 1.57
- Bobbin 279 3500 83.0 4872/1615 1.50
- - 279 3500 83.0 5358/1635 1.45
- - 349 3400 90.5 3800/1368 1.56
- - 279 3500 108.0 5826/1807 1.45
Bull*? - 170 800 61.0 1647/650 1.65
- - 200 1000 170.2 1562/557 1.59
- - 170 800 61.1 1808/668 1.59
- - 195 800 175.6 1662/583 1.54
- - 195 800 147.0 1396/530 1.61
- Wrapping 195 800 98.0 600/234 1.64
- Bobbin 171 650 128.6 1072/390 1.57
- - 190 600 184.9 1268/457 1.56
- - 195 600 105.9 2607/993 1.62
- - 150 600 64.1 1547/555 1.54
- - 195 600 75.1 2020/773 1.57
Danish*3 China 75 270 72.9 130/69 2.14
- - 70 250 66.3 92/49 2.16
- - 100 450 84.3 98/52 2.14

*1. Wooden bobbin, *2: Bull trawl, *3: Danish seine
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Fig. 2-2. Schematic diagram of shape and materials used in ground rope.

MEIECEHO) bEOEB L LTY -2 b DTIIRBEEILENFE DT,
Fig. 2-3-a() 27" ¢ & 9 248, FB%%, BRELL2zELLPMICELLSSy Fu—-7%
FRALTWS, TR RBT 52056 ICIETHEREIER S NS DT Fig. 2-3-a(d) 127K
TEILPEDOHEFRE Y 2TV D,

T, BVFHREGLETAZED) AT, BA30EM F Td Fig. 2-3-ala) (TRT
BETT 0 FO—TH—WTHo7o LML, D52 Fa— 73 LIEEAHV &R
VO EL RBRENHHI-DOIZ, AFRHOKRBEY Y (KiEF) RPARERE 28BNV F
PR AHF DR CEND X Y% o 72h8, BFI40EMIC 2 ) MREIAHREEICE{L LT
EERBEKEL LB TR TR RBERETAVY—O—TIZE LTS Fa—72
FRENDL L) IR o7, REMBRKRY Y Y5 Y FO— SO ER Fig. 2-3-ale) 12757
T

BEEEEO M- VBN T Y Fuo— 7B EE LB CEITLARE VAR TH
5%, EEIH CRROB L WA T Fig. 2-3-a(f), Fig. 2-3-b(h) IZRLA-& D AR
DEHFIRPL T LKL MAEGHEDD, HAVIIEBEI A Y E2EK LI Fao—-T %
HLTw5,



T RV EBD T 7 v Fo— TOREEICET 5 EBERTZE 111
(a) Canvas or netting (h) Netting
‘,.,, =Wire16mm 525%2_Fishing line
95mm
Manilarope16 mm

(b) (c) Rubber tire

(i) Netting
(d) Float

Fishing line

~ Rubber or steel ball

530mm @

Rubber bobbin
200~240mm @

2 Compound rope
® 20mm

~ Chain13~15mm
Schematic  diagram of typical
ground rope: (a) “Maki ground
rope” wrapped with netting and
rope, (b) China sinker ground rope
for small drag net, (c) Straw rope
ground rope for muddy bottom, (d)
Iron bobbin ground rope for rocky

Fig. 2-3-a.

== Fishing line

Fig. 2-3-b. Schematic diagram of typical
ground rope: (h) Tire ground rope
for rough bottom, (i) Hanging type
ground rope for selectively avoid-
ing halibut and king crab, (j) Hang-
ing chain type ground rope for
selectively avoiding halibut and
king crab.

bottom, (e) Bobbin type ground
rope, (f) Ground rope for rough
bottom, (g) Ground rope for
shrimp trawl net.
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YO TOBBRICKESEBEL TS, CRHL=FMOEVFEEOZHI LILEAICDONT
ANy Fao—7, 1377 Fo—-TOHENRESS)DfEZKRD, HEL /S DA Fig
2-4 ThHb, TITEANyY FU—7BIUS 7Y FO—T7OBRRELANHRTH B DTES
IZOWTRLTWS, —F)VEBOT T Fu—FI/NEIOTLRKE 2RO — 7
BLABEELZDOIH LT, hoHEIrEBETHL, COZLIIVEFERLVOEEILE L
W) HBEDBWICERLTWALEELZLND, T/, BEOREIEEIZI—Z) VEHTII,
0.5~1/ v PEFEII®LHLTEBY, ZFHE@TIF2.5~3/ v+, Pu— V8T
133.5~4/ 9 b eBoTBY, —F)VPERIMB-FHLVEEIEVIEITEEALTWVS
bDLEZLND, ALVEEILBOKVEETHL-_Z)PTEB/PB LIV - Lln s 5
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Fig. 2-7. Non-dimensional diagram showing Fig.2-8. Non-dimensional diagram showing
weight distribution of ground rope for weight distribution of ground rope for
bull trawl. trawl.
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Fig. 3-2. Schematic diagram of experimental
Fig.3-1. Plan of trawl net used in experi- apparatus used for testing model net
ments. in circulating tank.
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BELYBETA7 7 Fu—7ICRBEDHZ T AEEIEN (BB, W) &k
AR, BLUOHEBOZT AREBERIMERALTEY, ZhodHECKE LS > T—ED
"S5y FO—THRRELRTIDNEEZOND, HBLETRBSINATVEEVEMDT TV F
U—7ORREPEZNET S L IIHBETH Y, HiomE s L TEEB2ER LAERD
575y Fu—70RREBETHI LIZL,

EERIIFEIR B RS KELAREHAE TITR 572 EBRICHER LK EMBITBRE—K
WERSNTWS 6 BHERO b O — VBD1/408/MERIBETH Y, Tauti®” OMEFED LB
s TBUE LTz FOREESB & UHEHEDOBE Fig. 3-1, Table3-1 IR, ERED
"5y A =TIk VEF A (EEL 2mm) ICHRBTEVWTHENERICHAE L7, Fig
3-2 IR LA D & S 2 HETlKP CHEMEY BB S/ %ICHLE S TRREZBRE
L7ze BEREBIIBLTOMNERREERLT, 7-)—IlLoTAy FO—7R®D3I0, 45,
60% D 3 EXPEICERE L, HEE 0~80cmis (EMWIRE 0~4.5k.) FTHEMICERT, #
SBREICT T Y Fu—7ORKEKETEOBREEDS 35mm # 27 TERERE L/
372, BT 2L LERBESRELL YT Fu— T WHOBETRIT L TR BE
L7

Table 3-1. Summary of experimental trawl net.

Head rope length 38.7m
Ground rope length 49.8 m
Buoyancy of float 290 kg
Sinking weight of ground rope 330 kg

3.1.2 BEER

Fig. 3-3 3 ERDERICBWIKETHOBRERE,»GHBE LBEH, BLUF 7Y Fo—
TEBHOBWETRITLBOBEEN—HITHL, /7 Fu—TidKREEHML, 13TE
AR LTWa, SRITOMETIZS S Y Fa—-7oRRIZBERE L GEUT
XpL&8hTwa® 22T, fIELEY T Fo— 7R BERICH TIDTH?,
EFAETRE L EEEO Y Y Fu—-7ORREBHBOBIETS 7 v Fa— 7% 8T
L7-BEDOTK % BEH THEM L RO —F % Fig. 3-4 IO T, BERAEDOHEICIE, &7
5y FO—7ORKIHEOEITIZIT LA LHEBINT, BERIITT-KT L, Bib
DBEFRITLEBAIE—ELTWAY, SO LiX, FIBETCRERNTIATHENT
T & OBIERENIIIEF IS 2D, BAHSIERTANRRGEERSIZLAETHS
CEZIOND, LA L, BETIIEMESICIIHAEERR S EMERMEALTEBY, 2ho
DHZEMLTETERbE WD EEILNS, FITHAHETIR ST v Fu—TORK:E
RDBLFEEIZOVWTERT,

3.2 RE@ED T 5> KO- THIKD HFERT
BMEEDY S Y Fa— 7R T 5 HOHBRIGERMISRT & Fig. 3-5 DL H X% 5,
WA —FEORRELTWE STy FO— 72 EUMIC n BOBMIMESICOE LT i %
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Fig. 3-3. Photograph of model net from bottom
of circulating tank (above) and that of
model ground rope at sandy beach
(below).
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Fig. 3-4.

Approximation of catenary to shape of
ground of model net in circulating
tank (above) and that of model ground
rope at sandy beach (below).

HOEE: S, &35 E, ZOMNETIZE R, RABIPMINTWE, O dHEOZIT5
WAL L 779 ¥ F O — T Bk, B & O B2 BB 2 WK 2> 5310 %
NhohbbDbEZ5NDL, Fig 3-5 1R Lc HEMGEBRIZRD L HIc@EEEDbT L

HTE Db,

NBRST DTS C BT D) o T B E s,

Ti+4Ti=Ti+,
HFE ST DTIDFIY) EVEE N,

Vit aVi=Vit
AEFMOTIOFI Y FEE Z UL,

Hi+ H=H;,
ZITRIFRDEDIIIBLIENTE S,

R=vV sFF+,LE
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Y

0

i Li(=aHi)

Ri(=/F&L?)

Fi(=aVi)

Ti Vi
Fig. 3-5. Schematic diagram of force acting on ground rope under towing condition.
F;: Drag force acting on unit length, T}, T;4+,: Tension at unit length, H,
H;.,: Horizontal tension at unit length, V;, V;4,: Vertical tension at unit
length, S; unit length, 8; angle of H; to V;

WANRG DEERFRDT) T; EARFHEDT Hy EX2THE 6; 13,

Vi
tan6;= .

T, Tiry © BUNSS QTR B 537

Hy Hior : BUNBS QTR B 5 KTEHEON

Vi Vier © BUNESOTIRIZ B 2 BEHAON

6;:T; & H; LDk

Fi : BUNESAERT 2 N ORESH

L : BUNESAER T B OKTES T
HoT, HAO NS nEBNY I Y FO-FOKMEITOES, Thbbs oy Fu—
TEGDEES S, (5S) e hHbEP, DX EREX, YEREY, 3UFOL) cgkbT I L
T, =

X,,=i'{ S;cosb; (3-6)
Y,= 3 S;cos0; (3-7)
i=1
o5y Fa—70X50ES S, ik
(3-8)

Su=315;
i=l
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SHIZRNOEESZ NV, 3 F; OMELTUTDOL ) IZEKDbEII S,
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Fig.3-6. Schematic diagram showing drawing method of approximated ground rope
shape.
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NER#D BT ETT T FO—TORREML LN TEDL, TDLE, X, NEBDOS
PO —THRROMGERBEL ) BRERBBEIIIH, 3KETE, T8/ %54
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CIZTF Y5y Fu—7ORITHERDHDOESOHMTH Y, FARES & ETER (8
BT, WEH) 2»o%-oTwd, CThODFENIZBBOEE, 75 Fu—7##l LT
WAEMOTRRPHEICL o TEILT AT ENER N D, PRI IZRAIATTIT 5 FKE
AT Fa—=TIEHLTWAY, 752 Fa—AZi3@rEsi L Ts ), Ass
TAMAEIRIE S Y FO—-T7OWTFhOBHMF LTLHEIEATAIINDEEZ LR
B0 LT, CCTREFEE»SLF T Y Fu— 7712l L CREICHETF 24742 -
oo 2Ty FO—FIEAT AN F, BFRFREARXTEDENL LD E LT,

(1) B E%RTINDHEIILTARIEI Dy LBHEEET Dy B &,

F;=Dh,'+D/,' (3"10)
(2) BHOHIKERIT SN DG E(IITMES Dy; , BYEES Dy LW Dy BB &,
F,'=Dh,'+Df,‘+Ds,‘ (3"11)

ZZT, 77y Fo—7IERT AiEIEE, BIEED, BihEhERRkO L) 2E
BELTERZL,

Dy=f(6, pu, S, v) (3-12)
D=g(6, W) (3-13)
D;=h(6, p, d, s; v, W) (3-14)
Py - AEERE
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6 BT X#WELTAE
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os - WOHE
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EEOEPDY TV Fa— TIRIE TR L) ICABE T LR v, TLIR, SRe L%
HMAGDETHEENTWS, 22T, RKETRY I Y Fu— 7O IERT 55D
ERODLLDIERER YT o7 EBMIZT I FO—T(HBRLTWLRE » RED
TRIEH, BLUEBPVDEOKREEREROALZ EIZLT,

FAE ERRBORE

4.1 FFERER

METRRAELIIZTF Y Fu—72BR L TV ERE V3 RBRLARGRASV, FHS
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AT iRy, MAFRBIARETIZLO0, BRTIRO.SFFEATRIELI VW L1222 5100,
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Pen recorder

[ Strain amplifier I
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I L Flow
0.6m
Load cell
L~
Floor
Fig. 4-1. Schematic diagram of measuring equipment used for testing model ground
rope in circulating tank.

AU LT (90°—6) 721HE CEANIBEIIOVTIE, FhFEICH L TRTRIK
MEBEEREMOLLT A LB L, BRI YLDIERTHREIEN DY ITRO LS
WWEDLT I ENTELD,

Dh,~=%CDOpwds,~ cos 0{UZ+%CD9(),0wdS{ sin 6;v®
=%Cpopwd1)2$,‘(A sin 6;+cos 6;) (4-2)

Cpgo . lﬁi%i‘ﬁﬁﬁ:& (0=90°)
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W74%— (EZ0.6mm) TKE Im OKEADKET 40cm (ZFETF L7z, WEMEILS
7 v Fu—72knN30, 45, 60, 75% D 4 B&ME, HEEE 20~70 cm/s DFEFE T 6 BrRsic
EZT, ZOBOREN 2 2HNOO— FELTRHIE LREE L7 MEMITEIICERL
(4-1) KT & o THImMEREZ & ICA N EOFREIRNERE Cp £ KD, T2T, Wik
NHMOGHEE S BHFMETLRE  OBERICHHMBERELAZLDE Lz, KD Cp
77y Fu—-72RICHTAWnREET L OBFZE Fig 4-2 I2RT. ZORD HFHEED
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Fig. 4-2. Relationship between ratio of end distance and coefficient of drag.

4.2 EEERFRE
4.2.1 MEBIUHE

77 Fu—7OEAEREREOEGFICL o TELTAEEZ LN LD TEE DM
WCEREIT R o7, BBOEEE LTH, RBLUVERIEEEINDLD, RIZBOKTFIE
FIZHPWIFTHY, BOERTRERELI B DL L, WOBEIZ AP EZEDTIEEER
BIZELWEZZONDOT, KEEKRORMEX, FL L TERLAD IRV -ENERE
ThuEARETHLEEDI, TLRBOLDIZTHHK LIz ) — MR AT L
78 T OEREIEI b e L7z,



AW RVCEBO TS FO—7OREICE T 5 R aRrs 123

Table 4-1. Specifications of materials used in experiments.

Diameter Length Weight Specific .
Shape (cm) (cn% (gv%) g?avity Materials
Cylinder 6 9 230 1.1 Hard rubber
- - - 314 1.5 -
- - — 418 2.0 —
- — - 590 3.0 -
- 8 12 560 1.1 -
- - - 700 1.5 -
- - - 930 2.0 -
- - - 1220 3.0 -
- 10.5 15° 865 1.1 -
- - - 1298 1.5 -
- - - 1573 2.0 -
- - — 2310 3.0 -
- 12 18 1740 1.1 -
- - - 2162 1.5 -
- - - 3490 2.0 -
- - - 4792 3.0 -
Sphere 10.5 + 243 0.3 ABS plastic
- - + 666 1.1 -
- - + 999 1.5 -
- — + 1212 2.0 -
- - + 1818 3.0 -
- 14 + 365 0.3 -
- - + 1436 1.1 -
- - + 2155 1.5 -
— - + 2874 2.0 -
- - + 4310 3.0 -
- 15 + 452 0.3 -
- - + 2082 1.1 -
- - + 2839 1.5 -
- - + 3786 2.0 -
- - + 5300 2.8 -
- 18 + 750 0.3 —
- - + 3358 1.1 -
- - + 4580 1.5 -
- - + 6110 2.0 -
- 24 + 1570 0.3 -
- - + 7240 1.0 -

i) BRLBICKAER

ERL7-WEHERALEREIZEATIT2Y, Fig 4-3 IR L) BB AL, B
(I8 1.0m, RE 4.0m, £ 0.3m) OLAEAHOEAIIL-VEEZLTEEYETSE
7o BEIIIKDT v IV THMA X ITL o THIES 2 R LT, TEROHRLICHEEY v 7
FERD T2 7 FOFBEICIIEES L ERTAODI N VT a Vb B
LTUPARDIANNREEE LT, B (RENTORELS) *# ZOMEOHIZH 9om HW
7oo EBRIZIE Fig 4-4 (IR T L ) 2RERBROR L 2 3SBEOWFAV, 2B, KEMEIZ
BOABOESIE, FRERLITLZVEEOMEL ) T2V L 2R L,
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Pen Recorder

|

Amplifier

Fig. 4-3. Schematic diagram of measuring equipment used for testing model ground rope in sand tank.

B NZSET > TREIEE DRBEIZOWTHRET 57012, AT 2HONFEIAY v (&
£ 8cm, £& 8cm, FE2.6) LAKRTLAMOIKARY v (B 4dom, HWE2.1) AL
T, BE#HE%H 6~70 cm/s OHIPHTZ 2 CERMES % HlE L 72,

E—0FEBRE LTHERAYE Y, TLRHRERE Y 2 —E 2088 LTEA (6
=0°) IRRE L TRAT LB AOEREMZHE Lz — IS T v Fu—TICA ST
WAEMOIZIRIE, FER, BRMAEARTH), MERTIIERICET LRI DOHANLE
TR TH 599, EERITITETEI A2 MMER 2 Lo, ZoMEIEHERRE »

Table 4-2. Specifications of materials used in experiments for testing length-
ratio of cylinder.

Diameter D (cm) Length L (cm) Weight Wy (gw) L/D
8 12 360 1.5

- 16 540 2.0

= 20 900 2:5

= 28 1260 3.0

10.5 10 580 1.0

- 15 870 1.4

= 20 1160 1.9

= 30 1740 2.9

Table 4-3. Specifications of materials used in experiments for measuring drag of bobbin at
various lengths.

Shape Diameter D (cm) Length L (cm) Weight (gw) L/D
Cylinder 8 8 360 1.0
— =5 12 550 1.5

= = 16 750 2.0

e = 24 1080 3.0
Sphere 5 10 225 2.0
— = 15 330 3.0

= — 20 425 4.0

— = 25 535 5.0
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Fig. 4-5. Schematic diagram of measuring
equipment used for testing of com-
paction index of sand in tank.
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LEBYFRALTCHUE L, —HeA#EIICOE L%y 7 F (BEE 10mm, £ 150
mm, H.0FE45°, ER 88g) *EMATHREL 10mm IREFEL, R4 v F 2l LT
NEBBRL, v 7 b2 HEET SE2, SO, BOPICEALZES dp (mm) %5
AW Y 7 PRI LD (dp/150) %KD, EHEOWI#ROTHIE (C) L L1 &
B, TOERTII Fig. 4-4 \IRT A OREMB L OB EMHA L,
i) ER|ICLBEER

TROBEEFEEL, THICHALTENT 27— MREEZRITL, EEEREAIE
L7z BIEICIZAIE L7 Table 4-2, Table4-3 IC/RTEFEDRL -7 2 BEOMGE K Y
Y, BIURBEKREV 22 ~6HESE L THEALL, M R LAERLABTOERE
Rtk HFETIT R, 0L EERIBE AL 2TAKE (90°—60 13 90° BXU, 0° 125
E L7,
iii) KZE{EL LB HER

BihowmELrBEL THEH 10cm W/ BB (180.4m, £ 2.5m F£X0.3
m) (JERIDSERICKET S E TR L TERZRITL, EEERZHE L, EEIE
Table 4-3 ISRTEEFE LI RSORLLZAMERNY v, BLUEENOE LWEREKRYE »

Table 4- 4. Specifications of materials used in experiments for testing a
compaction of sand.

Shape Diameter (cm) Weight (gw) Specific gravity
Sphere 3.8 28.7 1.0

- - 42.9 1.5
- - 71.6 2.5
- - 96.8 3.4
- - 142.8 5.0
- - 187.8 6.5

163 Cylinder 8x8cm

B 3 e e e L S 10
F/F'=0.97(b/B)*®®
. 10l - 5 .
R 10 10 10" 10°
103 Sphere 4cm E
w
e ..w_....n.‘...’_‘..
19
107 10" 10° 5 L
72 b/b'=z/z’
Fig. 4-6. Results of experiments for testing of  Fig.4-7. Results of experiments using four
bobbin (top) and sphere (below) in types of similar bobbin.
sand tank at various velocities. F: Drag at full scale, F': Drag at

modele, I: Lenght at full scale /':
Length at model
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22 ~5M@y7 FCHELAZODERFERLL. HIEid bl L2k LB TOEER & R
LHBETHFRY, SOk XERBBEIAME ZTHE (90°—60 X90° LU, 0 IIREL
72
4.2.2 EBHEREBIUEE

ILFS19 oL R L XET AN E LTENRD, EH, WENERH, N, 2EX, £
NODWAESHLETHD 3 DODERTREYMETNIT LV EBRXTN S,

m=Hs (4-3)

_i__pslzvz _
2 Fy B 05813 (4-4)

_F__F_
BTF, o8l

us - NEREEBRR %KL
fi EMS
F, &7
F 55

os - WDOHE

1 RS

v R

g ENOMEE

B & RO U R A LTI, o SEBICELCRY, m, o iSOV TRE

L7zo BEENZIZHMGECRY VL ERELRY 28 L TBEBIEE % 6~70 cm/s O#FATEAIL
2, KEEERZHEL, » & m EOMFRERORDLLIZL DA Fig. 4-6 TH 5, Fig.
4-6 26 m BELLTH m DEIRIIT—FL R D, #oT, KEEIISBEEENEIL
s, 2T, ERLAE, hiar ) - b BLUKEHZLIHEDF
TOERTIE, BMEZRTTLIBHEEIEI—FD 20cm/s & LTI R o7z, T/, HEH
RErDEY EFR/MERIIZOWTEEIEMZ HlE L& R % Fig. 4-7 27§, Fig. 4-7 »
b o REEDIFIIZITHFIL TS, $72, MEORKAHEOEENEZ ONLHY, £

(4-5)

Fig.4-8. Schematic diagram of measuring points of bank for calculating volume of
bank. d: frontal spread, A: height of bank, L: lenght of bobbin.
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WMERMUMBEZERLA-OT, REHERERLEEYMTELLE-oTWD, it THHTD
FEER T FREABL 2 R UINENHEUSERILIONT, S/MER L EH LT BWE &8
DH o7z,

AEERE PHOLERITENS L EDREZERIITR LD Fig. 4-8 Th 5,
BERICKEYZEE W ICEXWHOPANEE sd ZITEALTVSE, SOOI
CENTKRE Y DRIEICHREOE S h OBHET R T 5, COBHIZH LIRS 5
NLBOREEGIZHRINIBORBLIE L Z-T, KEVORA IR E—EED
WeHRIETELI LR B, Fig 4-8 A RT & ) L RKE VHIHICHER L T A OKRE
TRDEHICLTRD, WD LBREHE S b EHRDILAY d; % 5 Ho28lIE LT,
ZOARKMEBIRE LCEIGHBEERD . AGEKRECOESL %2 n S5 LTKRY Y
HIHE TOERBOB/NIERFOER Y KD, COEELES L IZOWTHRE L T
DR Vo B L7 LA L, COFETEBEESHLANET 2EESIH L, 22T
EPHICHHEDKREERDOD Z L2 E X FRDOBE, ZOWHEOKFIIAMEO PR
S hDHENEHEE O OHAETICL o TR S N-BH (HHH) 1213I1F%E LA
BIEDNHLMIENTWVARY, 22T, MENICHEOGERE RO L-OICHERRY
YOV THIDERFEZEAL, WHOTREFTS h 2AEL, BHBHEOEE Vy, *
AL, 372, COLHICLTROLZFNZPROEBICERICER L-BOREIT LOF
B (1.5g/em®) % FUTHHDERE Lz, EMEISHEL TROZDEOER W &
EPEIS RO EHBHDOER Wsy EDBBREAMERE L IZOWTHEIIIR LD
Fig. 4-9 Th %, AUMICTRO -BHEDERITEMBEICIFIFE LV LD ER LT LA TE,
BERF ISR SN -BHOERE LT W, TBTIZEE L,

Wi RITT 5K E AR KEEN Fp RE U 0 SEE TRITENR TV B DO TRR
DEIWEZT,

@

Specific gravity

o1 Wsa=1.13Wsc
415
=20
v3.0

6
W Specific gravity
® 11
2 415 v
20 v

v 3.0

S

Approximated weight (x100gw)

N

Weight of sand (kgw)

2 3 4 5
Weight of bobbin (kgw)

o
-

Fig. 4-10. Relationship between weight of

0 2 4 8 8 cylinder type bobbin and weight of
Calculated weight (x100gw) sand.
Fig. 4-9. Relationship between calculated and Wss: Weight of sand bank, Wp:
measured weight of sand bank using a Weight of bobbin

cylinder type of bobbin.
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Fp=uWp+ uWsa (4-6)

w1 L RE Y LR OB EBRR
p2 - IR

W . RE DER

Wsa - WD ER

MAEERE S DORENCEDEREMHENER L DMFRE EH R THLDH Fig. 4-10 T
bbb, WHOEREIIMERARE VERICHHILTE), REICL > TIREALEERL, £
BRLZHEL1~-3.0DH#HBEATRIWHENER Wy 13, AFHEKRECOBE W DEFELT
RADEHIZKDLT LA TE S,

WSA=0- 3 WB (4—7)

2T, AEEARE Y BB A LTEAIICEV LSS (6=07) OEmEIZRY
YEROBEBELTRRDL ) IZKDbEN L,

Fp= (u1+0.3 p5) Wpg
=puoWn (4-8)

uo - AEELRE 2 BBYH I L TEAICE W56 OREETIRE

Specific gravity .
.11
415 v
D4 =20 5 Specific gravity Fo=0.70Ws
g. v30 —~ 3R
g Fo =0.80Ws g‘ 4 a5
~ = 20
3 -
)] = 3
3 o
[=) ] o2
2 b /
/ ’ 1
o
1 A7 o 1 2 3 4 5 6 7
p* Weight of sphere (kgw)
¥ . . . .
P Fig. 4-12. Relationship between sphere weight
0 1 2 3 4 5 and drag. Wy Weight of sphere,

Weight of bobbin  ( kaw) Fp: Drag

Fig. 4-11. Relationship between weight of
cylinder type bobbin and drag.
Fp: Drag, Wg: Weight of bobbin

ERIZFEA L4 BEOAGREFRE IOV ZOER EREEIE ORFRERLIZDON
Fig. 4-11 Th b, COKERD S, JKEEH Fp GABEFE Y OER W ICHBIL, £OD
EEIRGTUR L po DEIZH0.8L 2B, T/, HEREVIZOWTHEEEREHEL, K
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BRECVOERLKEIEMOMBRERLI-DOM Fig. 4-12 TH b, ZOEREH,S, HKEKY
¥ DEEEIRE po DIEE LTHO. 7B 517,

T/, AEERE Y 2BBAMICH L TEEDOAE (90°—60 EIFTBW 54 NKEEEK
iz (4-6) XTOKRE Y OBEEN W R—ETH Y, WD poWes BEILT 5, &
ZT, U 2 3—FTHY, Wea WEILTHILIZR B, LHL, REVERIIH
THEBREIEATHE LAEAPEZRTVOT, T TREZEDOARE (90°—60) HIFTT
BWIBEOEEERIIARD L I IcEDbENBbDE LT,

Fpo=poWs (4-9)
pe. REVERBBFEIFLT (90°—6) T TEVIEESDEEIEIRE

(90°—6) THVITRITSNBBEDHMERNE L OMICERTHHOHEBYRET L
BENDHb, TITUTOREILEL o THROBEBLRE LIz, EEIELVWHARMEKRY v 238
HWLTUELZDT, ALAATRITLARSORL % 2EOMMGEKE » OEEELOH
EMED O, RNEMLOMAFEKRE Y IERT AN EEDRIHERT 2% ZhETht RaK
ELZELABEAPOMIAERTHNERD, ZohEBRELL,

Length (cm )
en.g " cm 15

Cylinder
09 412 3 .
08 e 2 Fos0.50Ws —
307 1.0
06 o
0.5 [
1 o
0 30 60 g0 05
6 (deg)
Fig. 4-13. Relationship berween attack angle
and drag of cylinder type bobbin. 0 0.5 1.0 15 2.0 25
Weight (kgw)
Diameter (cm) Cylinder
2.0 .8
° =105
uw L] L]
210 <y P 400 Sphere
1 } | ) : : L4 —
; L]
0 1.0 2.0 3.0 40 @
Length/Diameter
o
g 200
2.0 Sphere
[t
210 . . . N
0 1.0 2.0 3.0 4.0 5.0 0 200 %00 500
Length/Diameter Weight (gw)
Fig. 4-15. Relationship between ratio of length Fig. 4-14. Relationship between weight and
and diameter of cylinder and that of drag at #=0° in sand tank using dry
Fyy and Fy at sand tank. Fg,: Drag sand; cylinder (above) and sphere

at §=90°, Fy: Drag at §=0° (below).
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AEEARE V% (90°—6) T TRRE LA-ROKEEIIRE wo & 60 L ORFREERL T
FbL7bDH Fig. 4-13 TH 5, Wh 5, =0 D& XEDEEREL L TH#H0.80, 6=90° D
LEDERMBEL LTHO.50 B 5N, RE VB L E DBIEEILEAIITERRE D
5, =90° DEENDEMEMIIAC VHE LW EDBBEBEHEEZ Oh, BIEBRE » &
LT#0.5 »E6h b,

MSEEY Y, BLURERY Y 28 L 6=90° (2L TRIT LB EIIONT, EED
ERCEEKME DBRETER L LDH Fig. 4-14 TH B, B, FE ORISR S
NOWHEOERIIEZE SNESITIZERRICZENRNEN—EL L5, #oT, EFLIRS
EIEHEEI L OBFRE - TEBRER A SMEICERT 22RO, BRELA, MEEFR
Yy, BLXUREAKAY OBEBEBEREE LTH.SPEON, TOLHIZLTRD/-EHE
BAKIIETHR OEERD S RO IETUREIC—F L, EREVFE LIRSOELAHABGRARY
v, BIUIREIARE Y ##E LT 6=0 /213, 90° & LTRITLAHEDEEEROL
KHRLAS DA Fig. 4-15 TH B, THhEVERORSIZL o TEEEMOIIZIZEA L
LTV,

WIEHEREERALHEE*FOLHE SR TVEIY, BEIAmII L TIEEOAE
(90°—6) HIFTTHRITENS L EDEMBEMIIHBIRMEARICER LI LN TES, 22
T, EFELBIZBNT (90°—6) HIFTRITT HROAMEEK Y DREEIRKIZRD
IHICBbDEELT,

w6i=po (A’ sin™8;+ cos™8)) (4-10)
v #9%0
A= Ho

6=0" D & & DEEXME. 8, 6=90" DL ZDEERE0.50THLH0H, ThHLDENL A &
LT0.630 b5, ZOfE%R (4-10) KITAA LT Fig. 4-13 DEICEET 5 & 5 12K
m ¥ ROAER % Table 4-5 (IR To T I TIRE m OEIZEAI /NSO TEYLT m=
1.5 #187:, #2°T, (4-10) XKD L H Ik b,

16;=0.80(0.63 sin'-*6; +cos'-°6;) (4-11)

E&EA 3.8cm DIREARE - TREABHAKICH T AEREDRFOKE S (0.08~
1.50 mm) DEEIZDOWTHRE L7:4RA Fig 4-16 TH b, ORI WFERA LB OHRk

Table 4-5. Values of coefficient and exponent in the regressive formula for various sizes
of cylinder bobbins z,2=0.8 (A’ sin™ §+cos™ 6).

Diameter Length Coefficient Exponent
D (cm) L (cm) LD A m
8 8 1.0 0.63 1.41
- 12 1.5 - 1.60
- 16 2.0 - 1.48
- 24 3.0 - 1.52

1.5 (mean value)
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500 dso(mm) 500
008
~ .95 ~
& 5
100 vIOO
o o
@ o
5 5o 5 50
10 . 10 .
10 50 100 500 10 50 100 500
Weight (gw) Weight (gw)
Fig. 4-16. Relationship between weight and Fig. 4-17. Relationship between weight and

drag at various grain size of sand.

MEOHME TIHIERFARBIIIEEE 2 wEWVZ 5, T,

drag at various compaction index of
sand in tank.

FRAEE 0.08 mm DESZ AV,

EHEETRBUC W ORE S OEBIZ OV THRNIER % Fig. 4-17 IIR ¥, ZOfREIdHlE
L7-B D S OHPEAANTIRIZEAEELL LW LT h o7,

i) ERO%E

aROBELEE L CHEERE Y 2+o@HoLcary 2 ) - PROLETRTLZ, AR
BRECYOER LN EDEREZROLMERE Fig. 4-18 (IR T, ERENWEDRFRIT—
KR i, BIEEERKE L THEERY TIE#0.66, FREFRY  TIEH0. 75837 6 h iz,
MAFEERE Y, BLUREARYE Y 2#EE LT 0 %20°L90° IS TRIT LR DREEI D

1000
- Cylinder Fp=0.66Ws
3 Diameter (cm)
o L3N]
~ =105
o
© 500
a g
0 500 1000
Weight (gw)
. 400 %" Fo=0.75Ws
3 Sphere .
2
o O
© 200
—
[=]
0 200 400 600
Weight (gw)

Fig. 4-18. Relationship between weight and
drag on wet concrete; cylinder
(above) and sphere (below).

Diameter (cm) Cylinder
L]
20 -18.5
£
8 1.0
& L A [ S St
0 1.0 2.0 3.0 4.0
Length/Diameter
2.0 Sphere
[t M $ -
E 1.0 : o . $
0 1.0 2.0 3.0 4.0 5.0

Length/Diameter
Fig. 4-19. Relationship between ratio of length
and diameter of cylinder and that of
Fg and F, on wet concrete. Fgg:
Drag at §=90°, Fy: Drag at 6=0°
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H (Foo/Fo) %k®, BSLHEELOLEDEFELED LD Fig. 4-19 ThH b, FEL
DAGEAY Y THLHRBAE Y CLERTIREVRL - TH, HAHDOHIZIZIZL0AHEDS
h, HEEEZ,

i) KE#ELABEOEE

BHoBEZEE L THER ALY Y, BIUKREAY Y 28 L TkEHLADET
6=0°, 90° IZLCHRAITL, FAMEFRY LV OER LETEL L OBRICOVWTER L -#RE%
Fig. 4-20, Fig. 4-21 |2$8i7%, MEOEFRIE—KRX & 20, EREHEEIZ 6=0° DF4,
MR Y~ Tid0.68, BRBIAKE » Ti20.69¢ 25, 72, =90 DFE D Z DFEEIE,
S ELR Y ¥ Ti30.50, ERER Y ¥ Tid0. 4908 651 5,

600
- Cylinder
g L]
~ 400 -
2400 !
o - Cylinder
s
9 200 S
0 200
0 200 400 600 800
Weight (gw)
150,‘ 0 200 400 600 800
¢ Weight (gw)
Sphere Fo=0.69Ws
100 Soh .
< 100 ~ phere
g, E: Fo=0.49Ws
o
e @ 50
5 50 o
0 50 100 150 0 50 ' 100 150
Weight (gw) Weight (gw)
Fig.4-20 Relationship between weight and Fig. 4-21. Relationship between weight and
drag at #=90° at sand tank with wa- drag at #=0° at sand tank with wa-
ter; cylinder (above) and sphere ter; cylinder (above) and sphere
(below). (below).

AFBREVBLUORBRE V238 ELT =0, BL =90 ICLTRITLE-EORE
HIETOE (Feo/Fo) %KD, BELARSLERLOLLDEFEERD LD Fig. 4-
2 Thb, CREINVHFRREOREIPRLR - TH, KEEROLIZE X £0.72, KA
REYOFAITIE, 1.0E% 5,

AFREE % (90°—6) ZHITTRITINDGEDEEIEIBE uo 13, WHOHEIZ
BWT, KFIZBITAWOBELEFICBITIHOBELIIHE LI ADLELLN (4-10)
REFBICEDENDLLZ X, AMRERY Y OEREREMS A’ & LT0. 72258 5 EH
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Diameter (cm) Cylinder
2.0 °8
: 105
&
LE 1.0 . L] [ $ ) .
0 1.0 2.0 3.0 4.0
Length/Diameter
2.0 Sphere
@ 1.0
g1 - L L Em— *
0 1.0 20 3.0 4.0 5.0

Length/Diameter

Fig. 4-22. Relationship between ratio of length and diameter of sphere and that Fg,
and Fy. Fgo: Drag at =90°, F,: Drag at 6=0°

Table 4-6. Values of drag coefficient u, for various bottom conditions for unit bobbin.

Bottom
Shape Drag coefficient Dry sand Rock Sand in water

Cylinder #o 0.80 0.66 0.68
- 290 0.50 0.66 0.50

- Lo *1 0.66 *2
Sphere Ho 0.70 0.75 0.69
Hoo 0.70 0.75 0.69
12003 0.52 0.75 0.49

*1: 0.80 (0.63 sin™-® f+cos '° 6), *2: 0.68 (0.72 sin™> 6+cos™5 6), *3: conbined bobbin

IR o 1 32RkKITR B,
19=0.68(0.72 sin'-56+ cos'->6) (4-12)

DENERERE T LOTKEI L OKREEIRKEZZEHE L T Table 4-6 127, 22T
DERRD & RAETRE, KEEGGRE @ERRYE BRHEK 2RO L TEL,
KRERY VI Fig 2-2 SR LY S Y FO—7OBBICRONA L )12, HEKY 72
TEERELAECTHERTAZEREFICINTHY), MBI LTHERENSEZ MBS\, i
DEBEZRITTHHREFRE VIZoVNTER AL X, BEKCUAMILTWAEES (F5 v
Fa—7DRY 285 7% L) \IIKEIEIREE LTO.702 AL, RERE U sEmELL
D, HEVIHAORE L OXRBEZIEHE (T 7 FUu—7O/MBERTS 2 L) (2
EEEIARE L LT0. 9% FATIE LV, KESBOREOEEELARIIERT A RY
YOFEMICL o TTEALELIZ L2V, LA L, EROBADEERIRRIIBIEBGRHK
KL TWANDT, HHINAEMICL - TEDLSTWAZENTFEENS, 5T, F
DFERT HEMOER L OBIERRE T RONIETENARISE T W BRIIEETEL
Ll B,

RETRIERBEOERLR AHHTRITLTEOEOFKREM D EMEL, T TRELT
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ERETAVTERHICHEREZ RO THETHZ LIZLT,

B5E HBRORLGZIERTF L FO—-TOMIK EERD KRR

5.1 MHEBLUHE

INETT 7Y Fu—TORMRFIAHERTHDIOWTHEIT L TE 7,

REBLTHER LY 7Y PO -T2 RADRL o 125 TRAT L-ROFK LEHIZOW
THRTz, WHDREAVERDOHEIZZEFENL a2 ) - FEATEREIT 2V, EEOEE
BHOBE I DBETERELIT 2 572, LBROBERIEZDEAVHLVHETDH

D, BWOERTREL

Table 5-1. Specifications of model ground rope used in experiment at concrete

floor.
Type
RA (FA) RB (FB) RC (FC)
Diameter of bobbin (cm) 6 6 6
Length of bobbin  (cm) 9 9 9
Number of bobbin 20 20 20
Total length (cm) 180 180 180
Weight (gw) 4720 (452) 7680 (3133) 7680 (3133)
( ): in water
RA(FA) type
0
1
I:c‘n RB(FB) type
v O
3 | | l__l
2,
%
- 2
© RC(FC) type
20
3 [ ] |
x ‘
2

0.4 02

0.2 0.4

Ratio of length

Fig. 5-1. Schematic diagram of model ground rope used in experiment at concete
floor and sandy bottom (non-dimensional).
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Camera

Strain amplifier Pen recorder

Fig. 5-2. Schematic diagram of experimental apparatus used for testing model ground
rope at concrete floor.

i) BRICLHER

ERBRIERALES 7 Fo— 7R KEESHPFALTL2HOMGREY Y (BEE 6cm,
F&9cm) THERL, SEEPOBICANTHE®L1~1LUHAE L, ZOAGRKY
YE74%Y— (H£0.6mm) COEEZEL TS5 Fu—70L£EGL # 1.8m & L7,
EEBIL Fig. 5-1 WRT L) 2 ERBRORL 2 3BHE0 5 Fu—T% AL, £h
Fhors oy Fa—-Fidbo—- VDS S Fu-70EEBR* TR & LT—#Kk{L L%
MIZL > TEREEILD LV D (RA), ) VPEHOT I Fu—7%EE L L T—#1t
LAFREGE*MELZLD (RB), BLIUERDS S FuU—TIC3RVWERERTH S
A, WHSEMELZLD (RC) Thbh, /5 Fu—TIZER LM EOHES L U
Jt#% Table 5-1 ISR T s CDFTF FE—Th T8k Lo 2 — MELETHRITL,
ZOBOFEADERRENE L, FH L-EREBOEME Y Fig. 5-2 IIRT, HIEIRM
mEREET -4 (B84 7, EE1.8cm, RS 1.8m) 2FALT, /7 Fu-72k
D#30~50%DHEHT I BN ITELEET, TERE— Y —CEBISIN/FT LATRE@Y
BEEY, 22— ALEH 20cm/s DFEETH 10m RITLA, 79 Fu—70F
RiZ77 Vo -7EmEBRAETAZRUDEREBELRELT, /7 Fu—-7&E5
DEE2GAN -T2, 2B, FNEFNORE OFLESTT Yy Fa—TOEBE L, 2O
LEBEBYE LIHERO—F% Fig. 5-3 DERIIRT, 77 v Fu—7ORKE L O
1355 3 ETHRR LB HEICEDSVTRD Iz, FEBRDOEFE, KEIIERIIHLE T~
7)) = Thh, KEIKTIIBEEN/ZI2ER L, KEEGHREKIE Table 4-6 X 1 0.662°
BoNhd, 9 FO—FTORMBHMIEAT AR L > TEHEL,

F;=0.66 Wy (5-1)

B, 77 FO—T7ORROGEIITEBE2DE LTRHELL, 2) LTHRILEREE
HAE & FBHRET L 7o
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Fig. 5-3. Photograph of ground rope under towing condition at concrete floor (above)
and at sandy bottom (below).

Pen recorder

Amplifier
Motor Camera
o () ) .
End Start
- 30m
Load cell

Fig. 5-4. Schematic diagram of experimental apparatus used for testing model ground
rope at sandy bottom.

i) bR T D%EER

LR B N 5 UL Bl BT T b 2 0 e TUT 2> H 49 20~50 m iAW LRI I 22 e (OKige
1.5~2.0m) %3#, Fig. 5-4 \IRT L) BHETIT R o720 ERIER LB D 5~
FO—FIERTOERICHEA LV DEF L THD, E—AIIZFMEs EMzsg LT
ET—F—THBEINZ N T LIZE > TREMEEIHY, # 20 cm/s ORATHE TH 30 m
WAT L7720 COMHER T AZRIIG T — PV 2 LTl Lidgk Lz, T/, Billo
77 Fa—7ORIKNGBHE L TEIKL 225, L7256 35mm Ko7 2 712X o THIR
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Dr5y Fa—FLHICRFLIABEAF—V (BEE2cm, S 40cm) 2—#IZHEL
720 WY LI-BEEO—BI% Fig. 5-3 OTRICRT, COEZEFHALTS 7Y Fu—-7%
B DER R HAR - 72,

¥5y Fu—70FKS L ORI L2 BB TOERLFEILHETRD A, FERIC
BWTF 5 Y FO— TORMEBHMIERT AN FGERL L KEERE OMTH 5, T,
H4ETY Ty FO— TOEMEBHERT ARAERARIRELCY T 2HIICL 6T
L ALTIENTELDT, REEHR D (gw/ 8) (ZHEAEMSIH LTHHFICD=5.0 2°
AT bDE Lo EMEHHASI Table 4-6 & 1 126=0.68(0.72 sin'6+cos"*0) %% 5
N5, BHOBEYRITTL7 5 Y Fu—7OREMESIERT 2 HNIERATHE L

F;=0.68(0.72 sin'-*6+cos">6) Wg+D (5-2)

TN E[MLTY Iy Fu— 7oK LTI E KD, EBRLIZZNETHORER & HLBIRES
L7

5.2 EBR&ER

i b R RITLIEEDS T Y Fu—TORROHUEER LHE/RES 7Y Fu-TD
BEREERTLICY S Y Fa— 7OTMEREEIC $ & T Fig. 5-5-a~Fig. 5-5-c IZ7R ¥ ¥
—LEERERO RA B L TR 2 NE L7z RC B3 LKL RT DI LT, PR
5% INE L7 RB B EMRBETRKETR Lz SHETROZBRIITHOERENT
LEMEICIZIF-H LT 5,
BHOBETRFLIBEN T 7 ¥ Fu—TORROUEHER LEHHEBRES 7 Fu—
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Fig. 5-5-a. Schematic diagrams of approxi- Fig. 5-5-b. Schematic diagrams of approxi-

mated and experimental ground
rope shapes (RA type).

mated and experimental ground
rope shapes (RB type).
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Fig. 5-5-c. Schematic diagrams of approxi-

mated and experimental ground
rope shapes (RC type).
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Fig. 5-6-a. Schematic diagrams of approxi- Fig. 5-6-b. Schematic diagrams of approxi-
mated and experimetal ground mated and experimental ground
rope shapes (FA type). rope shapes (FB type).
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Fig. 5-6-c. Schematic diagrams of approxi-
mated and experimental ground
rope shapes (FC type).
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Fig. 5-7. Relationship between calculated and measured tension.
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Fig. 6-1. Schematic diagram of fish herding model of ground rope considering reaction
of fish to fishing gear.
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Fig. 6-2. Proposed shape of ground rope used  Fig. 6-3. Relation between length of ground

for calculation of fish herding model. rope (GL) and that of bosom (B).
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i (a=p)™ (6-2)
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Fig. 6-4. Schematic diagram for counting num- Fig. 6-5. Results of calculations based on fish
ber of contact of fish to ground rope. herding model (Triangle).
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Fig. 6-8. Results of calculations based on fish Fig. 6-9. Results of calculations based on fish
herding model (Half ellipse). herding model (Parabola).
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Fig. 6-10. Results of calculations based on fish herding model (Trapezoid).
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Fig. 7-1. Comparision of the fishing efficiency of two types ground rope.
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Table 7-1. Annual change of main elements of trawl net.

HR*®> GR*?* Buoyancy*®  Sinker* Breadth*®* B/MB S/MB Speed*®

Year T (m) B (kg) Skg) MB@m) (kgm) (kg/m) (knot)
1963 414  50.8 350 400 64.5 5.4 62  3.0~35
1965  49.9  60.4 275 359 55.5 5.0 65  3.0~35
- 6.9  79.1 450 759 92.3 4.9 82  3.0~35
1966 516  68.4 530 610 75.0 7.1 81  3.2~37
1972 592 68.0 557 532 79.7 6.7 7.0 3.0~35
1973 38.7  47.8 290 330 48.8 5.9 68  3.3~3.8
1975 421  50.3 350 400 65.3 5.4 61  3.5~4.0
1977 378 46.6 384 474 58.4 6.6 81  4.0~5.0
1980 381 480 388 492 54.6 7.1 9.0  4.0~45
1983  69.6  8L0 918 1531 76.1 12.1 201  4.0~45
- 55.0  66.0 765 1011 85.2 9.0 1.9 4.0~4.5
- 68.6  83.0 900 1788 74.5 12.1 240  4.0~45

*1. Head rope length, *2: Ground rope length, *3: Buoyancy of float, **: Sinking weight of ground
rope, *5: Maximum breadth of net *¢: Towing speed
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