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A Study on the Limitation of the Action to Avoid Collision for Super
Huge Vessel, Based on Result of Her Crash Astern and Turning Tests
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ABSTRACT

Since 1960 tankers and bulk carriers have rapidly increased in size up to 500,000 dwt. in
operating as main system of transportation for the international trade at sea, and studies are
doing carried out by various groups with a view to increasing the size still further.

However, the service speed of these ships has remained almost constant, and steering devices
of them have nearly not changed, comparing with regular size of a dry cargo ship.

This creats the situation where Stopping distance and advance are proportionally longer for
larger ships. In case of collision at sea, these vessels have been arised some serious casualties,
such as sinking, fire and oil pollution.

This paper analyzes a study for the handling of super huge vessels to avoid collision at sea,

basing on the results of the crash astern test and turning test of them.
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sk o Ee] AHULE o] Fol frow, 43l HUMULJUALMTERFTS] XAlfbe EUE!%“}%F RAe2A 2%
ik 500,000 DWT 9] f@Alffe] HWE-S 7B geh e dvinel A8k e Mifnee itz
&L KRS (Rel A Bt g BB KIEHER 2 WAKBEE oA T - Hitsix 8
2 ohF = e AR R kel o2 sbd BIEEE Al A gl

(E D D: DIESESL ENG
T: TURBINE ENG

RFEAL 48,331 D 15.1 15, 000 12.41 222 26. 4 16.6
KA 73,110 D 15.5 19, 500 12.43 235 36.5 19.2
AFIH 103, 929 D 15.4 23, 000 15. 00 246 40.2 21.8
X E A 120, 927 D 16.2 27, 600 15.03 265 44,2 21.5
HEIIA 156, 109 D 16.2 27,200 17.44 290 43.3 24.7
s R oA 217, 275 T 15.3 30, 000 19.16 310 50.0 25.5
B 274,152 T 15.9 40, 000 21.03 337 54,5 27.0
H A 3L 372, 698 T 15.0 40, 000 27.07 347 54,5 35.0
H ¥ A 484, 377 T 14.7 45, 000 28.20 378.8 62.0 36.0

E1)elA By ubs} zro] RS KAL - ERfbel w2 BEHES AL I3 Axsa E
He Ao wmEA @er). ek @BARELS AHEAD POWER-DISPLACEMENT RATIO ¢} AST-
ERN POWER-DISPLACEMNT RATIO = {#ieE /s e] STOPPING DISTANCE = AojAt},
ol AL Whel YolA fmEzZES HEBFl W& ML FA sz SAFE SPEED & ACTION
TO AVOID COLLISION ¢] gl¢] 4 2] AMPLE TIME ACTION 5} POSITIVE ACTION ¢ #ifel [ fel
AR PES A Aok, BARINERS HREg: BEY Wik Ad 2 e Jik Rxbo] of
Yzt k% =& A& OIL POLLUTION-g 1o Avhzh ##HY - ib@y HIEE 42w, ol ¥
T EARARS W LEREEE AN ARGE EARY RMHEES BIR R IREd s
ook B vl A" Ay Beh wehA RS S oA IR 58 (MANOEUVRABILI-
TY)S <bals] shababAl Zebd el fhes welyl oA Ak, Kinsce @AY FAE
S Eole] Q& HHE MR L el WRE byl St BEY WAE ARH R A
Bazk sk Aolvh, 714 A& el KA ol gk et

® D.W.T: 40, 000~500, 000

@ Length(LOA): 200m~380m

® Breadth: 26m~62m

@ Draft: 11m~28m

® Loading Condition: Ballast or Full Load

1) L. Oudes “The Torry Canyon Commision of Inquiry” JIN, Vol.23, No.2, 1970, London,
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® Type of Engine: Diesel or Turbine
T BSERE K 7 15, 000 Hp~45, 000 Hp
(® Rudder and Screw: Single or Twin

2. WE®m BRI

FLrThel MRS HEREiMEAE-S #4450l ENGINE, INITIAL SPEED, DISPLACEMENT, TIME TO’
REVERSE THE SHAFT, PERCENTAGE OF AVAILABLE ASTERN POWER DEVELOPED %] w2}
A ZehAT, ol ERE Mlel o MAER L 5 “HEAD-ON SITUATION”, “CROSS SITU-
ATION” 3.2 “OVER_TAKING” %9 7 %ol glolA ¢ @mia{rd 43¢ 5+ /M4 FEG &
Fol ok,

(1) MAIN ENGINE =} ##H#E: 77

—RR i 2 HEHE /) (ASTERN POWER DEVELOPED) - Wit e #9 40%~60%" =2 <&z
o, Bk AL EB&ESH =el4 DIESEL #-& 85%, TURBINE fit-& 35%2 yebd-
ek

e 3 (E 10l A i EXxfbel el fnegm gl #3 s W, § ASTERN POWER-
DISPLACEMENT RATIO 7} & A &}4] @ A3t: B4 Holx glvh. & ASTERN POWER-DISPLA-
CEMENT RATIO 7} #A3le A g7t AA+3 @iigi] A mbkpg) #ndte A2
M= v},

(2) MAIN ENGINE 3+ CRASH ASTERN STOP

CRASH ASTERN STOP -& MAIN ENGINE ¢] #¥gel MAERTERE o8t £A= AL #y
fael sy Fed sk g (SHORTEST STOPPING DISTANCE) 24 CRASH ASTERN
STOPPING DISTANCE ¢} zr& ¢]me]},

B3 B ikERs MR FES S B (TIME TO REVERSE SHAFT)d] wel4 2A 2
g2l o] AL (F 204 veld vkl 7e] 213,724DWT ¢ #f# (TURBINE ENGINE) & #4321
279 03403780, BEISIRIESE 6,250m 2 LPP ¢ 2145 Mo A A=A kAl ==t

OCE 2] 17#9 g AAedl BEE kgl 120PP TS 10£2 24 ASTERN POWER-DI-
SPLACEMENT RATIO 7} & DIESEL ENGINE #¢] A+ ASTERN POWER DEVELOPED 7} ¥-& #fiF
olt}. = 120,000DWT I k9 EX#Ee STOPPING TIME o] 154r~244r¢] v},
=7] 2 TURBINE ENGINE, SINGLE SCREW & RUDDER ¢l 213,724DWT ¢] 11} (E. TRANSPO-
RT)& Bigis -iER-} 6,250m(eF 21 LPP)qlw] w#l&l TURBINE ENGINE, TWIN CREW & TWIN
RUDDER ¢ 312,000DWT ¢l Au-(U. KUWAIT)S] ffafe kigs 2,880m(eF 9.7LLP) 24 AST-

2) AMAE A& (ZIL, K, 1970), pp. 22~23.

3) D. CLARK & F. WELLMAN “Stopping Larger Tanker & the use of Auxiliary Braking Devices” S. W,
& S. Vol, 163, No. 3845, 1970.

4) KE%, BRE, po39.
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(& 2 B ORD ¥ oW ik B ORE
i ( | MAIN | STOPPING DIST! STOP | TIME | ASTN
SHIP’S NAME DWT DISP | SPEED |————————— TOREV' Ahd.
K | ENG ] m | xLPP| TIME |SHAFT| %
ESSO SUEZ ; 27, 300. 34,1000 T 17.1 1,670% 8.97 }07/~18”00’~14”; 45
EANEE SN | 48,331  60,660; D 16.62 | 3,251] 14.7 | 10—57 | 01—20, 42
NISHO 1 109,000/ 127,400, D 14.2 2,820 11.15 | 11—45 | 02—00 | 85
KER 120,927| 142,876 D 16.6 4,339 16.4 | 15—22 | 00—39 | 41
BRA ' 217,275 220,296 T 15.4 3,260 10.5 | 13—06 | 00—50 | 30
TANKER"A® 50,000 66,200 T 15.8 2,750| 12.44 | 11-30 | 00—33 | 41
ATHENIC 82,400 100,787, D 15.8 2, 1503 8.72 | 08—10 00~20l 859
RIENTAL PIONEER 58,9000 71,6200 D 16.0 2,120/ 10.06 | 10—00 | 00—30 | 85
TANKER“B* ‘ —] 83,417 D 15.3 2,720 12.00 | 11—50 00—39 | 12
TANKER“C* 180,000{ 211,100 T 15.0 4,910) 15.95 | 19—45 | 02—20 | 29.4
{ENERGY TRANSPORT 213,724 246,4000 T 16.5 6,250{ 21.19 | 24—54 | 03—37 | 35
FOTINI 74,203 90,153 D 17.1 1,992 8.20 | 07—05 | 01—43 | 35
BENA 274,152 312,178 T 17.2 3,920 11.63 | 15—30 | 00—30 | 31
‘UI‘}?[\JIV%&S}%-(U'K) | 312,0000 360,963 *Tx2| 17.7 2,880 9.73 | 10—52 | 00—55 | 458
‘SIGFUGI 80,780, 98,5660 D 17.3 2,340, 9.76 | 08—22 | 00—19 | 85
HEHR 372,698  424,144) T 15.6 5,290/ 16.03 | 22—40 | 00—44 | 35
HHER 484,337) 547,606 T 14.4 4,120 11.44 | 20—00 | 00--35 | 30

@ ESTIMATED DATA

¥RN POWER DEVELPED 7} ;%3 viebm Qleb(E2, 2981 #2),

0 SIGRUTI (p) ® g& 1)
O POTINI ED o tT)
ORT (T)
| 3555@%5 KUWAIT (Tx2) TANKER (¢) (1)
TRAVEY spegp © ATHENIC e BRA D
DISTANCE] <
Goocr] a e
50001 51fe
40087
30901
20001
1000+
°/'334-56 10 1l 12 13 14 1» 16 1Y 18 19 10 A a3 23 24 26
Time (min)

ag »
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(3) TURNING TEST $ femts
DISPLACEMENT o] w& [EEIAKY #HEE (£3), <28 2) ¥ <2¥3>3 2 474 EX
fae MR (Lpp)el w3 e TS AR me feEke] Feba 3 4 glled, BB lelA
BEmEe] Ao Ads] =2
(E3)ell A 331,827 DWT Q #FAHALY] MAX. Advance/Lpp & 3 2.60]1} 2 A7 F MAX.
Advance & 858m v} 3t}

% XM EERR R K 6=35
Type D.W. (Lrg;)) . g) : g) A/Ld M;\X. Adv, III].pp MA;(. T}l(ANS;Lpp
)
T 153685 290 47.5 16.1 1/65 2.63 3.02 2.96 ! 3.47
T 99655 246 40.2 14.4 1/68 3.13 3.30 222 | 410
T 89962 240 36.8 14.4 1/66 2.99 3.06 3.48 3.03
T 74411 230 35.3 13.0 1/72 2.80 3.20 | 3.87 1 3.45
T 69864 226 36.0 12.2 |- 1/73 3.5 3.3 3.4 3.3
T 66601 | 230 35.3 11.9 1/66 3.43 3.15 3.43 | 299
T 50637 216 30.5 11.5 1/78 2.62 314 2.75 3.84
T 40938 ‘ 205 28.2 11.1 /72 2.39 2.54 3.02 | 252
T 331827 | 330 53.5 24.1 | 2/104 2.9 2.6 32 | 30
T 209302 \ 326 49.8 17.6 1/63 2.84 3.01 3.02 3.39
T 180476 | 302 | 504 17.0 1760 2.95 3.19 3.05 | 3.25
T 172442 285 | 48.2 16.3 1/57 3.0 3.1 31 3.0
T 153140 281 46.2 16.5 1/68 3.44 3.51 520 3.91
T 139528 280 44.0 15.6 1769 | 2.61 230 | 3.50 3.01
T 131629 256 425 | 16.6 /67 | 3.3 | 3.2 3.4 3.3
T 124851 255 42.0 ] 16.5 1/67 { 350 | 3.27 } 3.29 3.67
T 122913 256 25 | 149 1/67 | 3.5 \ 32 | 35 3.6
T 118823 260 42.0 15.5 1/65 1 3.24 i 2.99 l 3.31 3.32
T 103690 246 40.2 14.9 ves | 270 | 2.8 ’ 3.33  3.35

(19 2) 9 {2¥ 3> HBEERBLERE fitdhd] MAX. ADV./Lpp ¥ MAX. TRANS/Lpp &
#idioll DEAD WEIGHT & o} PLOT 3 Zelvl, #ffke] ARA, MEMEATHL 2 REFHY %, KBS
o AstRgketEe]l Ht2u2 A g3 vl ¥ 4 ¢, 200,000DWT 3-¥ 350,000 DWT <foj ¢
DATA 7t 971+ #FA =k o) 2k 150,000DWT Ll kel A femE-e Hold g & 4 gz, vzdd 43
7o) Al JeRE 150,000 DWT LT AZ4tE MAX. ADV./Lpp & 2.8~3.6, MAX. TRANS/Lpp-
£ 3~40]3 o] 3-& GENERAL CARGO SHIP &] 4~6, 5~793} v| a5l feEdke] WS & AL

— 929 —
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FERABFERS Fe]e (24> 2w ADV./Lpp 9 TRANS. /Lpp &= Rudder ¢ ASPECT RATIO
o WA AL Avk, = EiEEERS] ADV./Lpp ¥ TRANS./Lpp & ZfeEREc 23,
o =27E A7 HF 0.044¢) 0.0380] A5k #fael HetAE 2dd AEERT Y € A$E A5
F—Ane] EHE WEARERSL ZAREEY kel vhEH<E5)E ud, ZAMREY ADV./Lpp st TRANS.

5) %, WIRE. p.66 o3t
6) K. MIMURA “Consideration on tho Maneuverability of Larger Tanker” Navigation, No. 25, Special Issue,

NSJ, 1967, TOKYO.
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/Lpp = el mek 22 F i 7% 5% = Wt

(E 4 X B B & R £
O i | i
SHIP | 9 DRAFT | DISPL. aspECT 2 lspd 5 £| ,2| 2 |TIME To|TIME TO| WIND
Lppy | © f Co = M | T | ®mk | & |ACHIEVE |ACHIEVE
(B) 5 : Z B @ | by 90° | by 18°
D S| (m) ! (ton) RATIO % &) & I8 &H ™= | (min-Sec) | (min-Sec)| (m/s)
(m) | = j (m) (m) | 3 !
F 27. 86l P [14.4/ 1044 2.9 | 942 | 2.6 | 3'—10" | 6/—43 [Q«s
F
360 A 27. 98‘ 547, 606/0. 852 1/60. 1 14. 4| 1071 (2.98] 1075 | 2.99 | 3—14 6—58 3,0
A 62 '
% | g F 9.37 P |17.7] 975 [2.71] 967 | 2.7 247 6—03 |0*°
A 13.10| 203,177)0.797| 1/27.4 | S [17.7, 1027 2.85/ 1092 | 3.03 | 2—48 6—16 B0
F 20.77 P [16.9) 1026 | 3.2/ 1041 | 3.25 | 2-—38 5—35 |01
F ;
320 A 20.75| 312,178/0. 830 1/58.7 | S |18.1] 1028 | 3.2] 1039 | 3.25 | 2—40 5—40 N,
B 54.5
F 7.25 P |18.1] 906 | 2.8 2—33 536 |Deis
27 B " "
A 12.62| 138, 006/0. 790 1/28.3}‘ S |16.9] 910 2.8 236 5—40 n.t
‘I
F 17.97& 15.8] 881 [2.94] 946 |3.15| 2—40 5—18.50.4
F
300 A 18.11l 216,1100.82 | 1/68 P 15.8 839 [2.80] 943 |3.14| 2—45 5~36.4 n.!
C 47.5
2.1 g F 6.99| 16.7| 849 [2.83 894 | 2.98 | 2—32.5| 5—16.7|0%n
9.63 95,480(0.78 | 1/39 P (16.7] 806 [2.69] 886 |2.95| 2—30.00 5—13.9 Q<4
F 14.98 S 895 | 3.5 884 3.5 2—22 4—42 40
F "
256 A 14.73| 134,218 ” P 807 | 3.2/ 934 | 3.6 222 4—42 a0
D 42.5 } ’
F 7.07 S 117.5] 828 |3.2] 868 |3.4 218 4-34 |04
20.6) p
A 10.56{ 75,3000 » " P [17.5| 813 (3.2 848|3.3 2—-13 4—26 0!
]
F 12.45 ! 15.1{ 632 (2.81] 679} 3.02 4—05 0.7
F i "
225 A 12.49 87,600}0.801 1/69.7 { P |15.3] 655 |2.91] 707 | 3.14 4—14 | 0.7
E 37.2 1 ‘
18.6| F 5.06] (50%) S |16.3 544 2.42 585 |2.60 1—52 3—50 0.8
: |
A 7.88 43,8000 # | 1/44.2| P [16.3 604 [2.68 652 2.90\ 2—03 4—04 Q.f
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(ZE 5 Wkimol ¥ ZSHReFe] ADV./Lpp @ TRANS./Lpp o HEE(%)
+igmm, —#Ep

WY ff | BEmJSE | ADV./Lpp o #MEA(%) TSANS, /Lpp o] ##EE
A 75 A% BE —~ 6.6% (69m) + 2.6% (25m)
AAE v — 4.1% (44m) + 1.6% (17m)
t
B AL v —-11.7 (120m) ”
i on ~11.5 (118m) "
c gk L~ 3.9 (33m) | — 6.0 (57m)
HEE o ‘ —~ 3.6 (32m) —~ 5.5 (52m)
b R n + 0.7 (6m) —~ 9.2 (86m)
R o —~ 7.5 (67m) ~ 1.8 (16m)
c iigs o | ~ 7.8 (51m) | ~ 7.8 (55m)
AL ~13.9 (88m) | ~13.8 (94m)
fedkhem | ~—5.86% , ' —~5.1%
K] )7% , )5%
A AL e (A —-8.12% ~4.87%

© (4) 375 TURNING CIRCLE

TURNING CIRCLE ¢ z7] & 3i)eds 1O BINAl A = sk A9 sAl7F e Ao deA o
0 g HAEARS WAl V/ Y L £0.6(5F FROUDE No. £0.2)¢) #babel 4] #5852 TURNING
CIRCLE 8] =7l 3= #iJysqtell whel Abdks] wepvh, #ikiddse] 1/3<14 ADVANCE = # 10~30
% #5k3 TRANSFER & 10-~40% %7}ge}.

4, BLEBEOHE St #HE

i Lol A iAol ol Jesksl = fiike] fmbuthS Bhiksksl 133 IVRERA b 7R ql R s
P SRRkl Bt 3 4 Qla o] A AR ALel & MR st COLLISION ANGLE §- A.ix
L2 REE 01 of & Aol

ELAARS] SARERS] S piol A R aks} zrel MM sskbsl 1% TUEN 2 A
J) ool &g 2 Wgsh ofF 2,000mdl A °F 6,000m o] & PN ZA] FEE AL AR,
o#EE g o R FIME I ol WS iRk 2 Q1 SIS TR 2T

fr
o
=

7) kMR, AR, p.73.
8) K. MIMURA, OP. cit.
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(1) 20° HEAD REACH
Turning Test ol A fffae) felide-& sloFsla H2es E#sE o224 20° Advance & o] &3
+ sleh
o] GIVE-WAY VESSEL QL =) ifstie g% i o T
S ko A ¢ @ere POSITIVE ACTION ¢ —io] :;;T N
v o A% ESE FHEAA 207 Holthok B& it -
o WAEEZ AFE + AP 4, E6 ), aile (\\
Jempkel B oA st 2d 200,000 DWT Ak BAeR ~
¢} 20° HEAD REACH (ADVANCE TO ACHIEVE ALT- g: £ 5 %.g
ERING COUNRSE 20")% (1.5~2.0)Lppol, 20" 3 Egg% |
o] FTEs = BB #H 141280, 2 KEo 312, | ‘~§t§x_inlu- ;t@n.sffr_-”__,[
000 DWT #iii2 5y 1.3Lpp 2 1 4LUF7F FiEL e}, — %Q?Sf ;
§Ho.2 @ATIHRe] 20° HEAD REACH = ADVANCE Original
9 ¥ 1/2H Rz, FESE BERE & 148 o gy o
(E 6>
CLASS (dwt) AD)YI}}:I)SE TRQNSII;}R MA)?(. E‘;QPAN. TII\éIg §8°A§%(IJI_EVE 20° IiEfEl;pRCh.
18000 2.8 2.5 4.3 00’ —40” ' 1.0
50000 3.2 2.1 2.9 01 —10 ! 2.0
80000 3.1 1.8 3.2 00 —44 ‘ 1.5
82400 3.2 2.0 3.7 a 01 —10 [ 1.6
110000 3.4 L7 3.2 01 —00 i 1.8
120000 . 3.3 1.2 2.7 00 —50 ! 1.6
210000 | 3.7 2.2 4.1 01 —12 | L5
312000 % 2.2 2.1 2.0 a 00 —45 % 1.3
a : Estimated data
ViV Displ. 60, 000~180, 000 (2) EEFF‘P*] Ej}ﬁi’)\
% Turning Test 9] ZAstellA feflhe] b
e \\\\,r 100, 000~140, 000 K2 509 2ol 2A vebstu},
s 20° EIEE] & B8 §) 70~95%, 90° MINZE
® '@" VN ol = 60~80%, 150° EIFiFel] &= 40~55%, &% belm
10 | 180,000 \x\% = , TERIE
ol ERyhol & 49 28%~420%] ek (29 5l
) A DISPLACEMENT 130,000 & 330,000 TON e]

)
100120 140 160 180 200 220 240 260 300 320 340 360

fite-2 20° MIGHRE H e =22 deod, 60,000

{2y 5>

TON #% ¥ 150,000 TON %9 f#H& 20” @
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WaL I ovd = R O R R
(3) COLLISION ANGLE

RISK OF COLLISION [l (17} iz = 5 #4ii1, % GIVE-WAY VESSEL 3 STAND-ON VESSEL 2le]
o HIEH o ek, o)A e GIVE-WAY VESSEL o] 158 ik 2 she] A£452 180° 744
ing )
(75 GIVE-WAY VESSEL o] DANGER OF COLLISION ¢] Arelel 4 Me#t@i(e] MRS #iRe
Aot ¥ o] A2 ADVANCE 7} oF 450m wij#&al kel ks Aol vk MATIIRY 7 Sl 5 BT
#iEE ADVANCE & W22 A AR o o] 88 &+ %M

ml

CE T
SITUAION COLLISION ANGLE DISTANCE FORALTERING
OVERTAKING About 180° Advance+m
CROSSING 1 More than 90° 3 Advance+m
CROSSING 2 About 90° 3 Advance+m
CROSSING 3 Less than 90° 4 Advance+m
MEETING(HE ADON) Nearly 00° 5 Advance+m

@ m: Distance of margine to start altering Co.

4 ¥ 5 ©

RATALS] BEAERRS] E-S B HIHE ZEstd A sk ok g

D BEELERs (9~16)Lpp 24 ¢ 1.5~2.5 NAUTICAL MILE o] ¢},

@ ADVANCE ¢} MAX. TRANSFER & (2.5~4.0)Lpp o} v},

@ 20° HEAD REACH & (1.5~2.0)Lpp ]},

@ ASTERN POWER DEVELOPED - DIESEL fite] <F 85%¢] s, TURBINE #%-2 # 30%0] v}, =
21} CRASH ASTERN %] #i SPEED = DIESEL fitel 2} striel= qi#t SPEED ¢ <F 409 ubol
e & 4 ek

A7 A AR g kol A RS Byl A% WAL otel g e},

@ CRASH ASTERN: G IEMEM-T <F 1.0 mile~3. 0mile o) = & MW= 228 S8A= 7}
4 8.5t

@ TURNING: Advance 7} 0.5 mile o] =2 ¢l Kick & ] gh o] Gkl 2 asie}, 10

® 20° HEAD REACH: 1 8.8 Wi iy 1/4mileo]v}, ADVANCE & .00 2 MEBIES 42

9) E.R. KING, J.V. NOEL “SHIP HANDLING®, D. VAN NOSTRAND Co. INC., 1954, NEW YORK.
10) M. T. “Sea Star® Sam Yang Naw Co. S.W. & S. Vol. 161, No. 3828, 1968, N.Y.
11) &9k “VLCC Zpa¥ B+
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T W wHE o Al

D WA RAS 02 AR el [k 3ol A% DIESEL fgo] o},

gHe BN 1HD E 12@ & ool sk e,

D BRI BORHEE FARATSE T 1S 1AE We EMME Aee Aol

@ HikAEd] R she) HIBhSEE (BRAKING DEVICE)®] /it

@ #iii+2] RISK OF COLLISION o) o] g+ FAEsE & B4 = sheb o o) g2 EaiEs iLEHE

@ DEAD WEIGHT 200, 000 TON Ll F¢] #3022 SINGLE SCREW & RUDDER ] #4582
Fae AGE A Folvh,

- #

E AR OB L ORMBERCRER, BX)
VLCC 1zBis % +E—1M > POINT ##s—VLCC it dr, HAK
SHIPPING WORLD AND SHIPBUILDER

Vol. 160 No, 3807, 1967
n 161 1 3817, 1968
7 161 /3827, 1968
n 161 1 3828, 1968
n 162 n 3831, 1969
MROFHE
Vol. 15 No. 2, 1962
" 16 " 6, 1963
n 16 " 8, 1963
no 20 " 2, 1967
o
Vol. 39 No. 8, 1966
" 40 " 1, 1967
" 40 " 3, 1967
”o A0 " 9, 1967

12) D. CLARK & F. WELIMAN, op. cit.



