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A Study on the Ship Design of a new ICLL
for the 21st Century***

M. K Park - Y. ] Kwon

Key Word : ITTC(The International Towing Tank Conference), ICLL 66(The 1966 Load
Line Convention), SOLAS(The International Convention on Safety of Life at
Sea), IMO(The International Maritime Organization), USCG(The United States
Coast Guard), SLF(Sub-Committee on Stability Load Lines, and Fishing Vessel
Safety), PNA(The Principles of Naval Architecture), DSS(Dynamically Suppor-
ted Ships), IACS(The International Association of Classification Societies), SWA
(Small Waterplane-Area), NOAA(The National Oceanic and Atmosphoric Admi-
nistration), ONR(The Office of Naval Research), ISO(The International Standa-
rdization Organization)

Abstract

ICLL 66 is the most widely ratified instrument of the IMO and is, along whih the Interna-
tional Convention on Safety of life at Sea (SOLAS), the primary document setting forth in-
ternationally agreed ship safty standards. ICLL 66 set freeboard requirement based on expe-
rience gained from the first Load Line Convention in 1930 and on contemporary developme-
nts in ship design. Reexamination of ICLL 66 is indicated by the proliferation of novel ship
designs for which it lacks adequate regulations and by significant advancements in analytical
seakeeping and deck wetness prediction techniques now avaialble to the designer. In this
paper, the Freeboard Advisory Group reviews these issues against the changing climate of
the marine industry and maritime administrations, discusses the state of the art in analytical
seakeeping programs, and outlines a series of recommendations for the establishment of a
new international load line convention for the next century. The steps needs for an interna-
tional program at IMO are discussed and a new convention is proposed.
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Table 1. Prescribed values for twelve performance criteria

Column No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2000- Commercial Monohulls
Ship Type Naval 3350t Planing Hydro- 3000t Naval Naval Buk  Gen. Cross-
Monohull SWATH Craft foil SES Monohull Monchull Carrier CargoL. Trawler  chan.
Function Point-to-Point Transit g;lfr:ie; I?:pii"’ SS::I"Z'h Transit
Comstock Allen Comstock
Olson et al Olson et al Stark Mandel| Olson et al | Olson Olson
Source (1977) (1980) (1977) (1978) (1977) (1979) | (1977) (1980) Aertssen(1968, 1972)
1 {Rms roll 96
angle, deg 4. 9.6 125 15 32 25 96
2 |Rms pitch
angle, deg 15 15 15 15 24
3 |Rms vert.
disp., m. 1%
4 |Rms vert.
accel, g 02 011 01 02 05 09 14 10
5 |Rms lat.
accel, g 01 -+ - 006 01 | - 01
6 {Mot. sickness 20% 20% 10% 10% 20%
incidence in2hr -+ in2hr -+ ind4hr in2hr{ - =+ in2hr
7 1Slam 02
accel, g 4b 05> 06" 02 02 02 02 02 09 04
8 {Slam 3/100
freq. 20/hr - <+ |20/100 20/hr | 3/100 3/100 |3/100 4/100 6/600  5/100
9 |Sonar dome
emerg. freq. 12/hr
10 |Dk. wetness 20/hr
freq. 30/hr - 30/hr  30/hr | 30/hr  30/hr |5/100 4/100
11 (Prop. emerg.
12 {Rms rel V.
velocity, m/s 183 10

2 From Table 20 of reference [4].
b Extreme peak-to-mean value.

Note © Al values for response(angles, displacements, accelerations) are rms(root mean square) peak-to-mean(single
amplitude) values unless otherwise noted.
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Step 1: DETERMINE MINIMUM FREEBOARD

Set Freeboaord o Mee} Foliowing Criterio

1. freeboard not iess then with hatches (Geometric)
2. At 8.5m sig wove height, water ingress cen not exceed
Hoich orea times (100 mm/hr (rcin foll reqt)], [600mm/hr] '

I i
Step 2: WATER INGRESS CRITERIA FOR PUMP CAPACITY *

I

f C ]
8.5 m sig wave height 8.5 m sig wove height Storm sea (11 — 15 m sig wave height)
ingress measurements” ingress measurements ingress measurements™*
No safely foctor. Waler ingress Safety focior of 1.5 applied fo Model lesfs, and ingress predictions used fo
measured in model tests used for N m:cd:rlg::'y l?:l-;l":r‘r::‘:::unl for deiermine pump copocily for storm conditien.
. u inty eas. . e
pump capocity. \_\ Australio position. US, UK, Norway US, UK, Norway support this position

if A.167 stab criteric not mel

| 2N support this if storm sea
955 A, ingress tests/predictions not done
N and if A.167 stab criteria nol met.
YR
i
%o {

H L :

Step 3: INTACT HOLDS FLOODED STABILITY CRITERIA
I 1

N

IMO resolution A.167 AR | Positive Residual Survival Criteria of

i
Righting Energy « l Meiacentric Height SOLAS Ii-1, Part B—1
: Although & domage stebility criterio,
righting enargy requirements for benign
i secs ore opplied to intoct flooded holds.
'

Righting energy requirements | Some omount of positive GM! in
deveioped for @ moderaie sea state. | the holds flooded condition.
Tnis represents the most conservative

s!ebility requirement. US Posilion

| No righting energy requirements.
| Netherlands position. US does not support

| without further clairification

NOTES
. Des?red U.S. posiiion for ingress ot 8.5 m sig wave heigh! N Pumping system to be of sufficient capacity to accommodole * Generoi Agreement fo limil
++ Desired U.S. position for lesser stability criterio either waler ingress in sea going conditions, or 2 times waler ingress. Two

beam sea deod ship condilion, or sprinkler/deluge system proposcis. US supports
or any other requirement which is greater. 100 mm/hr.

Fig. 4 Decision tree for open-top containership load line assignment
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LINEAR STRIP THEORY

C e
- i

SMALL AMPLITUDE MOTIONS

» Assumed that waves and motions are
small relative to zero-speed rest
condition

» Hydrodynamic pressure calculated only
over caim-water wetted surface

+ Geometry shape above the design water-
line not included in calculations

NONLINEAR 3-D THEORY

7

LARGE AMPLITUDE MOTIONS

+ No assumptions limiting the magnitude
of the motions

» Hydrodynamic pressure calculated over
the instantaneous wetted surface at
each time step

+ Complete ship geometry, above and below
waterline included in calculations

Fig. 6 Linear versus nonlinear seakeeping analysis summary
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Table 2. Safety functions in load line regulations
Pertinent ICLL 66 Regs.
1, 10, 21, 23, 27, 28, 29,

30, 31, 32, 38, 39, 40

Safety Function

1. Hull integrity

11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 24, 25,
26, 32, 33, 34, 35, 36, 37
3. Strength 1

4. Stability 10

5. Persons on deck 10, 21, 22, 23, 24, 25, 26

2. Topside integrity
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Freeboard, {CLL 66 {mm)

7.000
.50
.00

8,500 ICLL 68 Freeboard
8,000
4,500 T Type B Table
4,000
3,500
30001 ~ Bow Ht. (Cb=0.68)
2,500
2,000 " Bow Ht. (Cb = 0.8)
1500
1,000 4
5004

EXT T T TEPE TP PRSP

Lerngth {m)

" Sprsurctr. Corr.

" Bow Ht. ICb~0.9}

Fig. 8 ICLL tabular freeboard(Type B). Regula-
tions 29 (correction for zero superstruc-

ture) and 39 (minimum bow heights)
shown

Freeboard (mm)

8.500

8,000

.50

5.000 ICLL 66 Freeboard

4,500+

4,000 = Type B Table

3,500

3.000 ; ™ wiSprsuctir. Ded.
* 0.8 block corr

~ 0.9 block coir.

500
FOESOLLPLPPLEPPL PP

Length {m}

Fig. 9 ICLL 66 freeboard(Type B). Regulations
30 (block correction) and 37 (100% supe-
rstructure deduction) shown

Freeboard, ICLL 66 {(mm)

7000
6,500 4
6,000 4
$.500

5,000
4,500 4
4,000
3,500 4
3,000
25004
20004
1.500 1
1.000
5004

VPO III SIS P IPIPEPP
Length {m!

ICLL 66 Freeboard
~ Type B Tabie

~+ Sheer caur.

Fig. 10 ICLL freeboard (Type B). Regulation 38
(maximum correction for no sheer/supe-
rstructure ship) shown
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1. Deck edgeimmersion angle

2. Angle to top of hatch coaming

3. Downflood angle to most exposed opening
4. Height to downflooding point

Fig. 11 Ship geometry basis

4.2 ICLL 20008 ®i8t MAIRE oiF

W /s S5l W3 e ofgstA] ATE A
A A ddiel] ol ZE Hejol A7) u)
o g FF5 AE AL Y] sty
Zo# Aotk 28y, dEAd A, & T}
A F8 AF(E7HA] FARE e 2x)7 2
83}

+ “a” : “hove to" S E A 4] A4/ s
-7 L HA SRS old ALY RS

ol 4 all-around seas(360%)

HE “a"e 43+ ICLL “E%"4 (Cb=0.68)
of A #A A 2 PFo)| A5, chekgt WA
Foll A otk WF “p” A7+ 10:dA0)
Az=gon] MO MuEglo) AAFHE
T @A AAE FFOZ e oo o
AF-(AFE gl gaiA)= 27, W¥dAs 2
gl gabe] zhzk o} 203 9 slol W) AR

—103—



16 Kb fp

oL AZEA GA WEste et AlZEA gA
A3hsle £EA Rzl AL Gzt ol
AAQ Ao2A 360 ol = wiol W
FAFFAL T AR F i HAFE
g8 2 gl Aol

360% el HE2E HFD dFE, F

, BA 2 A7) AT A, 281
< JE F e ZAFAE A7) ded 2A
Al FASAAAQ) $Xo ds|A )
olc}, WF “b” dFE HWF “a" ATFA
heave®} pitche E& roll AelolA 2t
2 Aolt} o) AsiAEe ¥E, AF
719t Zolutsro 2 wjol| A9 $A7} ¥4
(rollo] Wid A3 F¢ 37w, & %5
(heave2] AgH) 2] A F&& =|A A7 o
ol FAAHLE HrsEojo} & HFol)

s 24 Aol deA AdE gpRAded
As od Fol7l BR3ME I F= UFA
AT Zd g2 AdR Fo] FAA d=
g A47L dulelrtE whs]Fofol rl. PNA,
3%, 36& M, Becke ®B]E stripe] 20] 4%
HaA gl g4 Aislr] S5kl de] Ag-sA)qk
t}2uh (Z slender body, 3 AFEI} sou-
rce T 223 A|Zkedde] o8] FgE AAH
A Eo] "astdty Lt glv). Becke “A
ALz7t 2@Ed, Addss 55 HUET
Fesirc) He A4rHLE 92 A A
2 =932 ok ICLL 20008 o] o] 2 AEE
AT dRE “strip o] E7LE WES g H
7HE, A A7ed g HolE, oelx 47ke] &

o

&

o ofrt D Jh @l ot 4 rfu
1 el L

dH fo > oxt

2

Y AR 2% Uy AFHE AW A
e 9% Dok e Aol AAH Y
oAl AR5, 3 D Aol e Hze
FHE A FAH Py} A mRA e
F44E AANA Fsioh

4.3 ICLL 2000 7184

s AMzAlste FAA, A BE
HE2 AAAEHAA Y & o) g HFAAH

&

ol A dF7 59, e AsleE ¢ £87)
e dqertx] Eolg wid disjM HAHoR
d#=A Ag=olxof b AL AAAY
X377t MRtV E ¢ AR
T2 HYrlafof sl s /uhol A o] F2bH )
Ll R EA L=

= 3hte] FQ3 grie vyl BE WEes
8 FHE FAv F¢ HAdSEdA AdFe] 4
st Waely 1 sirtel 2 vl E e &
o 23 whis HA g (Fsiald 7~8m) ol A
AA e e F94 At Awskes 733
7 AL st AlFHE Aolth o9
AR S S8 AA3] AT AF Y 2 4A
g gu S 873 AL, o] AFd sl
A, A X3 E e 5 A SE A A
frAdelet we] okdd s He g sl A
E 94 7FA 2 Sl

1EAE [ Fig 12+ ICLL 66 A A3} X7}
2 o 10009 ZARAFL L= FHA
“bow/head” FZolA A&o® T Ye
W/ FFATEYEH &9 MA@t
g BFT Qo)

Tabutar Freeboard (mmj}
e

$.000 4
4.500 4
4,000
35004 Freeboard Curves
20004 — Type B Table
2500 +Cb =05
2,000 = Cb=0.7
1,500 ~Cb=09
1,000 4
500

PO P PP EEP ISP SPPP
Length (m)

Fig. 12 Hypothetical freeboard curves

FAHF DAL 2FA Foot/Ankleo] EHE F
7] Buk ol £41] AFE oA BF
% ATENS F4 283 3R S 4
(E371540] Ade)& AN A5 2E
BHAFE Jebd £ de Y 4L 73

—104—



21HAT BRI KRBl o2 MRt R 17

I, At AR S HHgEE F9 sk o
A 4Ad, & M 60m7R)d AiMe 7t
dx 2} Jge] Yolxd ME o e
wol hE Bl xujzel wijdF WH54E ALL3
=5 AdgAe] M=k & Helrh
Small-waterplane-area (SWA)S} E&tHo=
AAHE Craft . SWAs &} FH A o2 AR5
E aE5A6 A, &4 AF-E AASI] s
Ae ARG o2rta] E3&ros g g
xRS A B3 x| Boh ZARE 2AH S
g2 & Zojgp. wAEFA ZeAAH28]Y
A QY Grafd] <)shd, SWARIES AAAAL
£ 24 Aol sokE o] gt “cleara-
nce” o] =ASEZ St
YA o2 AA == (DSS)el g B
H FHE 14549 wle dig BAo2FEH
Spof Jrh. AARAL 73] AR el )M
A3 glom sjatolA] wirl AHclat A
S+ H3% F UEF 7] fHste] 9d FFHA
A=E AL AAF sTFstedd AHEE £ 9
t}h o] BAL &xo oigt dsfiAtE FAsA
AAAE FAolz, ICLL 20008 BoQE=2 sloiF
DSS7F (1) EFH E 5o e J2E
Aoz st & F2 FE AR F=2
£ 9 4 UEE 32 (2) 4 DSSY 8%
Ade &3¢ FAE LY F UEE 2 F
He g FHAFE F Aol
HEA, DSSe 2ot E AAzAE de2 &
ZAad, ol YL doF Fd T2 E2 ¥y
742 Atle] ¥ $ glejol 3l AlglelA, wiz}
At F A= AS AFH sl gAAA
= REdE 7t AR Helth
cAAdS dld -l AL A=A A e 3|
o2 RE ojd s} Ade ko] ajbi
M= ejol R}, Aleutian Aol Hold X
HS=175mellA & =49 HAJFFEZ JHY
27} A1250iA AL A d#A Adeldh
HS: == 3000709 BARE sdA FHo
Eo]7} 18w (o] ZA$ell= 315m) < = 7
A RaFHAR 1/374] F3te d=59] H

& 2} fgtAEe A FFSAAE

gx Q3R] 44 Est vH A, 45m A=

2 dojAE o) Hllgels 275m A=Ldn

Lige

A IMOAA EEHe &, o9 FUHA
o] frufl ol HFE Al Ed o] Ao 10m7HA] &2}
b FRAA NS 2AFEE JRAUXFY
<& AAGz, RS AFEA L3

wol djste] @A F2AL il AFH] & <

A4EE Bt & olalsle Aol eu= A}
-/ 2 AEAE-9 AL AgAe] R F

7h3tell @eba] o & oljch

ICLL 20005 & A4z ool A& A, S8
g 7oA 27 8zl NOAA st
ol i T Hrle FE9 A FAG ]
A-&ult} spectrar 9 ERT} 269 AEZE N
e A o, Y AL A E544 84
zAo) AAF FHE A X3t AR 9A
Ak 2 o) ¥ A M AR vl /uic A e
F7k27] 9ol e HEES HES HS=7~
8m2) ol Fuiriel] o A A AR} o o)A
o)X thi-Fo) HAi 2FS5EA HS=10m A<
of i AAF 4 AL /IAR LS AH
3 sioh

o] 71 1930d3} 1966 del= ZA¥ute] &7
dtolsld “H2 gle]n|"2 HE] Bl g9
of A3 FAateleh e Fojor I AL, T A
T4 mbAl &l geke] FlEe] A Helg
Aol dste] 25} gtz Az} dvkstd
ko) AAAQ 34 nyge dgEdtA H45
2 k7] wFolch

2z v E 91t 8l spectrast AA @)
F FE AL {48 =3 e EdA gA
< 37 dol AgAe] AeS AT
Qe A ) 9ol ICLL 20000] S7=7] i
et oF 10m s P7HA] BEE & F e,
F91U R AFE F9Ue) AAH &
A Fod2 AE Eo]x] v, 15m spectrumeol] o
 AdA e FAwE 9 28] T FH] SItbE,
o e BAE AR £ S A 2,

~105—



18 i E -

aelsledA] AAAAH R wje dAAQ Lae
DA F 9g Aol dA, Yo Z HA
g g Fvle FA 5 e B¢ AEEHE &
3 2298 A4 A9 zoldl o7 AA A
o A HEE 87 )AL o FBE =
Foll vpFEAG A So] FREYS o ofs)

& oA Qedos dA gk

A4 ARE ETFA717] 95t APFA A4
4 d7E FAe AL st vltsbed A
7o AAAE AA o] fwte g 42 Ha)
Al wppolel st AP AL ASHor & A
7t ke A° 124_ 7hsAdel et mteF a1y

1

% b

4.4 TEIISE

DA EFA FIe A4 ZE v d3y
wpehel A A B S st B G HE
AA Hel gieh, 2 A o] I AAAHR
we] otHd g FEA RFEE HEI 2
A2, 1 Pk Reguratory Safety TS A
9}gtc}. Achievable Safety &5 (&, dxj¢9 A)
2 92 F gloy, dNH R 73 87AE
& zF gtk

3 o2 PNA, 34, 8% 23 1329 A4
F 39 “AFFel”E 2avd & & UrH(Fig
13). TAASElE AAqALz digdA o

AR
oHRiGE

e, A AL gz A8 FHuten =
y Al T8 = °‘] =
° > SN
A £ we MEY dsEolu U} £%, A&
o0 T T T
TREND WITH LENGTH ! TREND WITH
B : CARGO SHIPS
+ ' (LEWIS,1959)
0.08\ o l
N o9 I e
I Q‘\\\ SAUNDERS' PROPOSED mmmuml(wc_S)
[ Nt go—t ] ° 1*FrANCET] TUMITED -
© P — PaS : < STATES" +
z \\‘k{- SENGE] S
Y + y + :t*\il "AMERICA™ M&k +
—006 e = ) +
3 ~I Q/L.sa. T /
o 0, ! | A
gk E:;j EREN ! i *
¢ EUROPA
@ ), - q App\ Ve _/
§0404 O 7—ﬂT ~ \\\< “w T*.:\MNKEES L.so.
w T — *W“UN 2 Tany E‘}'?« i) 4 )
3 O Qff| T — oIl \‘3@%‘:.:.
o A Aty S SSTA" . = S
@ SYMBOLS \’r\\~ =y
00z|___ ° TANKERS R T =0 |
: + CARO SHIPS
© PASLENGER SHIPS
L.SQ. LEAST S5QUARES FIT 1 -
r_ {N.HAMLIN} :
[e] ) B g g { Il 1 1 ' 1 i — i
200 330 200 500 600 700 800 900 1000 06 Q7 08 Q9
LENGTH BETWEEN PERPENDICULARS, FEET VaAVL

Fig. 13 ICLL bow heigths for three values of CB (from reference [4]
Chapter 8, Fig. 132 suitable bow freeboard trends)

Fore 74 ¢ALEE vhFEAE AL ANF
2.2 AR & 1% Achievable Safety
Fog oy Ugds Az A dlF
Aol AL o] APEEMNEL Achievable
Safety =%} Reguratory Safety 53°] 22 9
ul7l HA AL Zolch AdE sF7 £57]

%& Reguratory Safety $%9 FH 224 A9
5 AP,Fo SAFeJok & Holrh Achievable
Ssfety % 4§e £oltd AH4dE ¢ Aok
$ev WEES gRAsd 93 iz e
AL AdE Qo FEHr).
Mandel(PNA, 1II, 743)& w/3s) HA5E =

—106—



21AE BB KR Bl 2 MRt B 19

}

AbeE7) st} 1270 AF71EE 2te MY F2
718€ AEa ok ARE AF FEFH
diHe stAErdds 2 FHE0] A
well S 372 For]ER e AE
E 7hd FrpA e fAsor gk ek

BAEFA FHAEES A ", Ho), =
& A9 s d@ ALE F= AL Ivlst
Ae ded AFY GAL FET ddet @
(23 7)o 875 Araake] 2
ks ﬂl%ﬂlﬂ B39 e fE3F FA>
FEL FET HU4S AAE F2H $H9
5E FHIER AAEs A} (35
A 1-13 -3 A A FEHes u5d
E]— “The Ship” 71&-2, A =g AJ&F &4
EES AT Aol o, AA A 2}
AREF S8 AT HAT BRI FafA
3| Hego FA3 A A9 &2 (F,
EH< SOLAS Ao s Hidg 133
F7HA kol AEelx 1 FAo] s del A <
B Aol g dA el she o] Al
2 7z

Q
=2

dn g R
ruEL rlr

4.5 ICLL 2000—28 £+H

ICLL 200094, 27} zifsd
o} AU E 72
A, 3 a8z *d x°] 34 71 ojH,

—% w7l 583 A¥g" +Hy $48 2 gl

S+ Holn, AFZ HA3F) FHAH ol =4
*%dﬂl =T sl %3] 2dE HS=10m
FroA disls 73 HALEFR “slam-
ming”, A HAF (AL, TFF 7% 59 24
< THE AA FEF A 7] A% Aol

FHlA e 714 249 At #9-9 7lo)
I A o] 2 AHAY FAJAFES st
<% 10m HS =29 Adn 3P 2345
a2 sts gAYl glelAd zFo] F Zlolth
g A D AP Ao s s A £A7}
2+ ded, ZAS fdohs AL w7}t 10me}
2 o)A siAAdE ol e g oulst

S AR BEE Sl sAdE A% vk
BRE S50 AT 94 FAARE ASAA
Adaor sk e va,
o) $74A e defuietdld BA SAFQ
AEEATF A FhE 22T Aolh
26 o A A2E ICLL 20008 %454
1¢ 32wt

4.6 ICLL 2000~ 2181 H&|

A9 Yool A, AW2A
26)& thes} Ze BaAAFE Baln
—912 (1) & 14 Bolo Ha

Z£3 3td
(2) 5 347 HEAHFE o)49 nE
A

=0l 1 (D 22 A¥ £=2 23w 0|49 £
E ALY

(2) railz &R

—ZE I AZ A P 35T =
— 7Y AR 2YHE W A Sy
22 9 %-?—“E’
= AR DAY oY F A A 6 A
T3 21— E}f AT
A 220 &7 W27
T3 23 ¥

23 Yore Az A 3 FHAA Holx
At o] F2HA AQLB W7} Ade] 4
ohdg Al FFE ML FHLLE o4
gt}

olelslA, rx EAAY WhE RA
Hol® FEde Al H5& dasn 225
T g obdz gRAFF A A4 o)
4o $74% A4Vch HEAT, FYTY W2
F 223 AR@D)H 2L AANTRE A,
Az, FAR glojx BAFYo] Sojof g
o,

A3 94FE R AT, A5 24, 2
AFF) Y HBENY T 2ojNez 3
BE37) sisted 8% F9UL AAD, A

—107—



20 A &

z5 3 fA @ ook e
ICLL 2000& #13led, v}/ 2 &5ATE dF
2ol o) A3E FUSA B AAHE F UEF
2AE AFsor A, 1 AFE Fols AAL
FE g A g2 ie guae] dxA79
dasie Hee AYAEE B 5 3 AR
Aol x| e ZAHE ZE9} AARHEY F
23e gristed =8¢ § Aolth
EEAAE glsled AdHAdYA] s Y
WA 27le G 2L s £ I ol
RezyeE Yrid 5 stk
1 AR e FAR FF AP T
Aol AV HEst AA A=Y FFel
g AE ek
2. E5AE AR SdolA sHE W 2
2FE ARAe) BEYEoIEG F2 ¥4
Eolot A7 2o® £ 5¥EH IVE
AR A AT wEEE =30 S
=3, ddEeld g 5542 AdE S
A7le Aog AAHAANE Utk adAl, =
dxol7t AARFA #A g XM= ARA

Q AA7t 8 eI} et

4.7 ICLL 2000—AMZ2 die| HEH

FAAHQ oA wle] FeiE 7 FA A
A AAE 23Yst7] ¢s A ICLL 20009 Hl =
W7bA] zeEla ofwl AV B5EF REME
482 & Zlojch %A gow “vige Ex
3" ICLLe] olo & AL E AT =
249 o}

o] FeREL 2§ Ho) ohiAut, ICLLY
AFE 140N o] FUdFAHEo] ICLL 98
£ 4AsA A48 & XA Fe 9A
3 FAH HEE ofF 8 $tAY Al A e
o B3 Y= A4 & uirl Aok

AL F542 AL F8 od $ARE
WAE & osih £ 2EGM A AYE #JF
Aol el =ostmx 3wy, zelmA ABSH
Grafol] 2j3 % 3253[28] “Load Line Technical

o U
A% %
WA £
g &

SR

Manual” 3 & £ & 33, o]% offshore dril-

ling units, multihull ships, tug-barge, 21813 5

dHog AAHe WES =98 el

- AFA T AGE AFALE HRE Ae] ohl
1IAHA w2 Ao AbgEA gt 2y
F A A EFA) sHelx AHdAA FA
Faol o]27) Mol 2AF A} T FA A
FHA AAr Aok #F 2-FaA -8 )
£ E9 od ddAgr HA FAE A
= A& FI vFelA, 2 92 19864 10%
DA EFAY oA A4 FrAel Muy
© AL HE431=E vtAAG (46 United Sta-
tes Code Section 5110 F=ulg), =3 HA
o] AME AH4E dr} =g o 2 o)
AQAEAY W] 45 HAY 55 4A
71 87& HolFojo} dr}

ArAo] et FoYU AA2A 4
WalA ot ok dvstd A F13)
T oo} st = FggH el Ar]e] Hop
37] wEelch v, dAEFA FAHY g
AEMo A F4 gro fgg 1} ¢
g A At ook Gl A dFF ZAAH,
R EA Jeke AlAl AAY oF 20%7F A
A FHo A FH¥E Ry, = shEH
A AA Y A-F AeE WA sk, zHid e
AR Fol & AFTHEE 873 frh o] <
A FFo] AHE F e A WHEE HA
e o] dA I Zo)o A 30x Fatdd ¢lE 5 ol
< 20%9 qu58-& AFste Aol
Ant dA X o et AEE ul-$-dH w7} $H g

HeatA = AE Bodof & ok 2F A,
AP A A 2 AFFe] &A" FypAdez
5 " § slool YA ddAE= wAE
A gofrcols SOLAS A disted oFo]
k. 2y g QAL oyt gES A 1
He Fgr} e AHelth
* Small Waterplane Area . Mobile offshore dril-
ling units 5 FuFA[28]NA4 dFL A
Zro], o]7] Ao e EAAT og B4
H gy A A 4A3] AjH. o)F

—108—



211AC BRIEEREE AR IBH0o] o8 ARAARRET S TR 21

S5 AEE BYUA Adbol ol AA=,
HHY ] 2 Folx A AAHE BAA
2lo|c}. kst AR AlAo o7t g4
Adold 5 g7 dfolct vE AH A 5
FEAEL olvte AR XA EA=E, £,
AT, 5FF 52 ¥ dFE 9= “F
Wo] Fojof §"o] 27},
Multihull Ships: ©]& ¥} el surface ship
ol Azt dFAE} sfatell A Aol 4
45 7R 8l7] "o A 54 A
T7F HolAof g} o]EE FRALE ¥R
2 I HE s Aolxm, g S5elA
zdste AREY B3 A7 AL sl
A eole}l wi - 2A FAY Aol
Tug-Barge Combination Ships : ©] w5 <A
ICLL®] 5/ QA7|gel ofste] 22§ ship/
seaway +5& ZAME B "ev) 9}
Surface-Effect Ships : ¥l S IMO7} @4 %33}
Heg AR He wlel gt F+2(CDSS)E A
ZAREAL SlAIg, o]7] wio] oY A EA
ok AT S IR A= g 2
HEz A & Ao} B4 o7}
2l Hee] FHIFAH R AR H e vl o3t
Z 35 dFHEZE ETdeel gt A
A7 FHE AEF st A CA Y
-4 T4)o] shrtel SES Heldnt 44 £
ke Zolr)
Planing Ships : ¥ &g Fu|d x|, 7%
wE Fo)A g Azt 44 “Blue Riband” &
7ot 50EE oj4 e £ x 8 olnfx U
of A% $uE $ oy nEEFHE A4
A EFA 717 A% AL AA 8] FAE
ol #HHS Qi FAAGAE ol
Hef o] wlel g AFFEY FEF o)A
st e A7edel oA dAEA F2
< FHHelA g}

o

5. IMOO|| CHEH A| 2!

IMO9| SLF& &) wie] A #7243 ¥

HollA L T3 A E o) njwmc) zlg]
e AEE 9d 9 484 738 A4
3la glew 2o 19773 Torremolinos 2}
(J4lekd) A Ale A8, 2 29
3= open-top Teloji4l, Adg A, AA
74, AHAREA &4, FYtd ez AxFgHe
craft] B e $34 e g kA
He 13k gl

1993 37xF 394 SLF7} “19663 WAl &
A ok ZleAQ 3 A7) FAe Al
Aoz AAs7)o Ayt Aoz QN A
& dejr}. IMOE IMCO~} 36119 713
A7 19300 A &AL gebe] A abs) A
7] Aol W} A3 vpRA R 2605 o
Wizl B deke] FAHq WHe $£H3)] 93}
A 2L ko] Fasirin QA
o] Aol AeJA M2 B aygxA A

, WAL A AFA, Fekro FHo 9%
T 7y, AP =27 Frb a8y 53
Tt Mg 2d e

olAl, A9 21w FAlEo] Ut &
AT Y-S Ao o %A 2w
W ele] EI ARASLE s F
olAl ZAFEHEZ ] Aol 4 Fo}E 7} it}
AR Aoz AEgojAot gt} gy
ofw, MZE AHA WAL 1966 olal =ZA
7h&E)o] ghe}

2 ek A= FRAC A LdygE oy
7HA AR 2R E AYE 873 & o] wis
EIA717] A% 3L AFsol g} SLF A
728 SLF 389 &3] Rud ddage
RkEojok ¥t} 19959 (SLF 39)] B #E7)<le] 93
doll b A A IMO siAlebd ¢ 3le] BuxE
TAEYF G A 29939 HEES sty
AdA=ojeol gk AFAL 58] ARAF B
A" FAEAZ} 2A2PA HESHAY SLFY
- open-top el Aol T 2L 3
of gk w2 g M4 A, B WS
222 FAH|Eel I AEEL ot N2
A A7 A 2t gubgd e g Ao zior 3}

ko

2L o Hu

)

L

A -
H

B2 22
ae rr rlo

—109—



22 M E-E=EP

2, A Hoke] kel Ay =& AT weS
o & Aeolrt,
IMOS| 44 EXE o33 2 Aol
1993 SLF 37
C¥ A A AL
cH{AY 7R dHs i—%-—] HE}
colE Al g
e AT AE
1994 SLF 38
- HFA {of At
-ARd A V1 FE A
cAEE HF Tl AR AETIE AR
1995-8 SLF 39-42
- A HeF &9t

O_u

3 28|

6. ZE

—

P Ly

el A 29l ks o), WA TTAY R
24 AL A, & HAe] 60%%% sz
FEAN HFASE Jles o AA GAE,
2R MAE, BE, U4 28 Jw A}
Fol Y FRIAFE o] FAHY APAA 3
SAo deked FA o) AABEA 7A
SEE A% oo} B,

2 Yore Aze Auel W@ ANIEE
=T SR Aok oo, ol e WAL
Yool the Azt Adbsd FASD
A%Heix7) gt G2 Aol LEe
AL 4571502 E oS Slelo} & A
o AE7E R EE 3 ok 2R3 A
Szel el 32 oA Dot e Aol
DES WG e on Bolg AASAL

T AT A A o) $aes
shela g AdAe ¢ 4§

-.-FU

2
T
o

AU LIRS A

711%%}%43 A, 92 BHAT) A B
JAFEE AN e Ae 7S B2
2 @ Aol oiWa Aol AeE, S22 shed
F 2 9FAH £ dAAE 84X 2Y Aol

AN 2zAE, ST A7F FI57) A44 2

83 oJEAH] FHEL AF FE3HA L

747bE Aol 8% Aol el Al {2l

EgE AFEF 3] HF 7“‘57-4 AZE A

waleded M FAHESE FE3] olslstxn

AUtk 1Al & %] 1§-°]‘4
"H e NEsty] et oo e o

o7l aEAA st
E3te 2S5 d WARTE o & A
%3}7] A ASAA A+

—HAdy Ao A3 A e} AL

—AA 7% A4l A

—SAAA AFFE ZAEE FE A7 AelA
Extreme Wave EventsS 53 A& 3l 44
7N

— A2 | FAdvtel g FAA 457EY
Ao} A%

-4 AENF HRESE 3dsE 457
9 A .

A JglA FAS AT /MR A A
3 FrgAgo] RiZsHA & v AE F49)
9} ofele] Hale ¥ BE AAHFY A}
IMO9] 3 JAFEL oA HAEFA ol o

g FAgE A Rsiol ) WA dF= IF

ek 45 Al e FASE ol

th ¥ E g Fobell A AFrt AEA FUA

g gobE TR EAge A ¢

ok A ek mle] At YA 2A fd

A& 7hAok e} ko z 30de] AR, A §

oFL o} AbAlA] ZHd uie] H4IAANE B

2ot NP5 il 2E8 AHE &

NE A Atate] glojof god v, AFSE

Nsle HA N A, A& HAA7]7] fs) BT

olas +FE& MAATZ] s A A7E 2

82 #7lolrh 22n 2 2l A& & Atel A

B AEA AAE gAE Aol

5. #nF#

1. Cleary,WA., “Load Lines-The Lever of Sa-

—110~— -



10.

11.

12.

13.

211 BRI KRB & Mzt Bt 23

fety,” Trans.Sname, Vol.83, 1975.

. “Initial Assessment of Deck Wetness Implied

by the 1966 Load Line Convention,” SLF 35/7
/4, submitted by the United States to IMO,
Feb.1991.

. “Assessment of Deck Wetness Implied by the

1966 Load Line Convention,” SLF 36/9/, sub-
mitted by the United States to IMO, Jan, 1992

. Principles of Naval Architeture, E.V.Lewis,

Ed., Vol.3, Motions in Waves and Controllabi-
lity, SNAME, 1989.

. Buckely,W.H., “Design Wave Climates for the

World Wide Operation of Ships,” 1992.

. Salvesen,N., Tuck,E.O.,and Faltinsen,0., “Ship

Motions and Sea Loads,” Trans. SNAME, Vol.
78, 1970, pp. 250~287.

. de KatJ.O.and Paulling].R., “The Simulation

of Ship Motions and Capsizing in Severs Se-
ver Seas,” Trans.SNAME, Vol.97,1989, pp.
139~168.

. Fujino, M.and Yoon, B.S., “A Practical Method

of Estimating Ship Motions and Wave Loads
in Large Amplitude Waves,” International
Shipbuilding Progress, Vol.33, No.385, Sept
1986.

. Jensen,J.J.and Pedersen, P.T., “Wave-Induced

Bending Moments in Ship-A Quadratic
Theory,” Trans.RINA, 1978.

Pereira, R, “Simulation Nichtlinearer Seega-
ngslasten,” Schiffstechnik, Band 35, 1988.
Sclavounos, P.D.,, “The Unified Slender Body
Theory,” 15th Symposium on Naval Hydrody-
namics, Hamburg, 1985.

Lin, WM.and Yue, D.K.P.,, “Numerical Solu-
tions for Large Amplitude Ship Motions in
the Time Domain” in Proceedings, 18th Sym-
posium on Naval Hydrodynamics, Ann Arbor,
Mich., 1990.

Newman, J, N, “The Quest for a Three Di-
mensional Theory of Ship Wave Interactions,”

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

—111—

Royal Society Discussion Meeting, June 1990.
Hutchison, B., “Seakeeping Studies : A Status
Report,” Trans.SNAME, Vol.98, 1990.

Office of Naval Research,Accelerated Research
Initiative Program on Nonlinear Ship Motions,
Review Meeting, J.Fein, Program Manager, M.
LT, Cambridge, Mass., March 1992.

16. Report of the Seakeeping Committee, 19th
International Towing Tank Conference, Mad-
rid, 1990.

Lloyd, ARJM., Brown, J.C., and Anslow, J.F.
W., “Motions and Loads on Ship Models in
Regular Oblique Waves,” The Naval Architect,
No.1, 1980, pp. 20~44.

Beck, R.F.,, “Relative Motion Components for
a Mathematical Form in Regular Waves,” 14th
Symposium on Naval Hydrodynamics, Ann
Arbor, Mich., 1982.

Lee, CM. ODea, JF, and Meyers, WG,
“Prediction of Relative Motion of Ship in Wa-
ves,” 14th Symposium on Noval Hydrodyna-
mics, Ann Arbor, Mich., 1982.

ODea, J.F.and Walden, D.A.,, “Effect of Bow
Shape and Nonlinearities on the Prediction of
Large Amplitude Motions and Deck Wetness,”
15th symposium on Naval Hydrodynamics,
Hamburg 1985.

Korsmeyer, F.T., Ma, C, Xu, H,, and Yue, D.
K.P., “the fully Nonlinear Diffraction of Water
Waves by a Surface Piercing Strut,” 19th Sy-
mposium on Naval Hydrodynamics, Seoul,
Kores, Aug 1992.

Maskew, B., “A Nonlinear Numerical Method
for Transient Wave/Hull Problems on Arbit-
ray Vessels,” Trans.SNAME, Vol.99, 1991.
Lin, WM.and Yue, DKP., “Large Amplitude
Ship Motion and Load in Severe Seas,” NAV-
SEA Workshop on Wave loads, Washington, D.
C., June 1992.

Pawlowski, J.S. and Bass, D.W., “A Theoretical



24

25.

26.

27.

28.

29.

30.

31

32.

33.

kb A

and Numerical Model of Ship Motions in
Havy Seas,” Trans.SNAME, VOL.99, 1991.
Tulin, M.and Mauro,, “Nonlinear Deck Wet-
ness,” Presentation at Office of Naval Resea-
rch Program Review Meeting, M.I.T., Cambri-
dge, Mass., March 1992.

Schultz, W.W., Griffin, O.M., and Ramberg, S.
E., “Steep and Breaking Deep Water Waves,”
16th Symposium on Naval Hydrodynamics,
Berkely, Calif., 1986.

Dillingham, J.T., “Motion Studies of a Vessel
with Water on Deck,” Marine Technology, vol.
18, No.l, Jan. 1981.

Graf, JR., Load Line Technical Manual,
USCG-M-1-90, United States Coast Guard,
Dec, 1990.

Liapis, S. and Beck, R.F. “Seakeeping Com-
putations Using Time-Domain Analysis” in
Proceedings, Fourth International Conference
on Numerical Ship Hydrodynamics, National
Academy of Sciences, Washington, D.C., Sept.
1985, pp. 34~—56.

King, B., MageeA., and Back, RF., “Seakee-
ping Calculations with Forword Speed Using
Time-Doman Analysis” in Proceeding, 17th
Symposium on Naval Hydrodynamics, The
Hague, The Netherlands, Aug.1988.

Beck,RF. and Magee, A., “Time-Domain Ana-
lysis for Predicting Ship Motions,” Develop-
ments in Marine Technology : 7 | Dynamics
of Marine Vehicles and Structures in Waves,
Elsevier Science Publishers B.V.Amsterdam,
1991.

Cao, Y., Lee, T, and Beck, RF., “Computa-
tions of Nonlinear Waves Generated by Floa-
ting Bodies,” 7th International Workshop on
Water Waves and Floating bodies, Val de
Reuil, France, May 1992.

Nakos, D.E.and Sclavounos, P.D., “Ship Mo-
tions by a Three-Dimensional Rankine Panel

* .

1E

% o
Method” in Proceedings, 18th Symposium on
Naval Hydrodynamics, Ann Arbor, Mich. 1990.
2 8

The following is a discussion of ICLL 66 regu-
lations which shoud be modified, including discu-
ssion of background, application, and problems,
and suggested modifications. They are categorized
in three chapters as they appear in Annex I of

ICLL 66, namely, “General,” “Conditions of Assi-
gnment,” and “Freeboard.”

General

Regulation 6 “Lines to be used with the load
line mark” : Seasonal load lines should be simpli-
fied new freeboard tables are based on deck wet-
ness in a 10 m Hs seaway. If lesser basis is used,
highlatitude seaway zones must be adopted taking
into account new wave data.

Conditions of Assignment

Regulation 10 “Information to be supplied to
the master” : This should be strengthened for
novel vessels so that both master and the IMO
(under Convention Articles 6 and 8) are provided
full information as to conditions under which the
vessel was certificated and any operational restri-
ctions.

Regulation 14, 15, and 16 . dealing with hatch-
ways and hatch covers. These should be simpli-
fied to simply assure weathertightness and stre-
ngth to withstand expected green water loads.

Regulation 17, 18, 19, 20 : dealing with deck
openings, ventilatoes, etc. These regulations will
be linked to the deck wetness implied by the
freeboard. Guidance should be added which links
inadequate freeboard to penalties for opening
heights or vice versa.
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Regulation 22 “Scuppers, inlets, and dischar-
ges” : IMO decision on plastic pipe should be
used as it fis hull openings.

Regulations 24 “Freeing ports” : Sizing of
freeing ports should be updated untilizing the re-
search of Dillingham [27], and related work.

Freeboard

Regulations 27 “Types of ships” : Convention
2000 will continue to recognize Type A and B
ships, but should tighten gangway requirements
for personnel on Type A ships. Advances in the
damage stability code(probabilistic) must be re-
cognized if credits are still to be allowed for bet-
ter survivability of Type B ships (such credits
must include copensation in the conditions of as-
signment). The freeboard credit for unmanned ti-
ght deck barges needs storng scrutiny in light of
many changes in that trade resulting in the man-
ning of some brages with the credit.

Regulation 28 “Freeboard tables” : New tables
will be based on a safety standard checked with
extensive seakeeping data.

Regulations 29 “Correction to the freeboard for
ships under 100 meters in length” : This correc-
tion,shown in Fig.8 in itspersent form for ships
with no superstructure(100% correction requi-
red),is correct in its intent. It should be combi-
ned with the sheer and bow height regulations
and expanded to ships up to 200 meters in length
(and eliminate the very complicated superstruc-
ture and trunk corretion).

Regulation 30 “Correction for block coefficient”
* The logic behind this correction goes back to
the last century when early load line proponents
agreed that about 20% of the internal volume of
the ship should be above water and should be
maintained weathertight, etc.(Ref 1906 Board of
Trade rules), and at the same time decided on

a standard Cb of 0.68. A correction curve appears
on Fig6 for C=09. While studies have shown
that block-corrected ships have less deck wetness,
it is problematic whether elimlnation of the cor-
rection would equalize water on deck. This corre-
ction should be deleted unless there is some new
evidence to support it.

Regulation 31 “Correction for depth” : This is
a strength correction which adds a freeboard pe-
nalty for excessive length. this correction should
be deleted, but not until some new minimum st-
rength or performance criteria are established
and placed into the convention.

Regulations 33, 34, 35, 36, and 37 : dealing with
superstructure and related to regulations 29, 38,
and 39. These corrections reduce the tabular
freeboard at amidships and have maximum values
(for 1.0L superstructure) as shown in Fig9. For
short ships with 100% superstructure this can
produce a negative tabular number for freeboard.

Regulations 38 “Sheer” : This correction rela-
testo all the others which utilize intact buoyant
volume and its location on the ship. It is a gra-
dually increasing freeboard penalty dependent
only on length and fore-and-aft location of the
buoyant volume. It benefits from better logic than
some of the others but the seakeeping studies
must tell us if the protection offered is similar for
all sizes of ship.

Regulation 39 “Bow Height” : As the correction
is shown on Fig9, it is mispresented because it
does not automatically cause such a large correc-
tion to the tabular midships freeboard ; rather it
shows the need for a forecastle(or a sheer curve
enough to make the bow height). If however,
there is no forecastle or sheer line to meet this
regulation, then this rule(as it is currently writ-
ten) overwhelms all the others as the largest si-

‘ ngle full-length correction to freeboard. The new

ship/seaway motion studies should show a better
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application for this type of regulation.

Freeboard penalties

There are seveal defferent aspects to the need
for heigh above the weather deck for ventilators,
air pipes, doors hatch coamings, machinery openi-
ngs, etc. )

1. deck edge immersion angle

2. deck edge plus covering height at side

3. angle of down flooding

The seakeeping studies which tell us what hei-
ghts are needs for a selected deck wetness limit
for deck edge immersion can also tell us what the
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expected wetness limit for deck adge immersion
is at the several height limits above the deck.
These regulations have the regulatory function of
reminding all concerned (operators, owners, and
maintenance, shipbuilding, design, and inspection
personnel) that these heights above the freeboard
deck (assuming it is also the weather deck) and
the load waterline (Regulations 2 and 3) are poi-
nts of entry for seawater.

Most of the above regulations concern deck or
hull fittings which must be “closed weathertight”
by the crew when their ship approaches a storm
(Regulations 12, 14, 15, 16, 17, 18, 19, 20, 21, 23).



