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§ 1. - Introduction

 Need of a .suitable standard of stability for ships has long been recogmzed m view of.promot-
ing safety of hves and vessels at sea. The problem is, however, rather complex and 1nvolves
so many d1ﬁicult1es dand it may be said that little . development of s1gn1ﬁcance has been made
in this field in Japan

’ At present, in con]unctlon with ‘the program to revxse varxous regulatlons under the new Ships
Safety Law, a drafting board has Been set up w1thm M1n1stry of Trasportatlon, and the work .
on establishing standards of stabllnty for various types and dut1es of vessels are now bemg in
steady progress with the cooperation of Tokyo and Kyushu Un1vers1t1es, prpon Ka131 Kyokax
(Japan Maritime Corporatron), etc.. " As the ﬁrst step, a standard of stab111ty for ships engaged
in Smooth Water Service has been developed and 1nspect10ns based on this standard have been
in force since the beglnmng of this year. "The authors’ intend to describe the bas1c principles

. and process followed in preparmg this' standard, and would like to have deer recognition and
criticism on our scherne.

The standard cannot. be declared, of course, to be a - perfect one, contammg many an open
questlon in 1tself and any unreasonable prov1smns are subject .to amendment in the future. It’
would be nevertheless of interest to note that a standard has been established, in that it may =
at least be ut1hzed as a measure to compare stablhtles of dnfferent vessels It is strongly hoped
that, making this standard as an 1n1tzat1ve an 1mproved cr1ter1on for sh1p s stability may be -

: developed

~§2. Basic Principles

As the heehng forces, wind pressure and movement of passengers were consxdered and it
was aimed to requu'e ‘the ship to have an 1n1t1al stabxhty which will not allow the ‘ship to heel
over and beyond a certain limitation by these heeling moments.

The followmg basxc principles were assumed to proceed with the preparation of this standard :

(1) Use of statical stability for the ﬁnal criterion.

" (2) As the heeling forces, only the wind pressure and the 'shifting of passengers vvere con-

_sidered, and the effects of wave, steering, etc. ‘were exeluded from the considerations

(3) Overloading of passengers in excess of perm1ss1ble capa01ty would not be dealt with, as

there are other existing regulatlons prohlbxtmg it. ‘

(4 Passengers of the capacity number were assunied to move within the space allotted for

® 'I_‘he maximum angle of inclination was limited to 8094 of ‘the freeboard, ‘allowing for
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other effects such as waves. The freeboard in the calculation was also limited to the depth
of side which will submerge at the angle of heel of 20°, thus preventmg at the same time
the ship from inclining to an excessive angle,

§3. Heeling M_onient due to Wind Pressure

~ When considering the heeling moment caused by wind pressure, let us first assume the centere
of pressure is. located at the geometrlcal center of the projected lateral area of porfion of ship
above waterhne, as shown 1n Fig. 1. Then the heelmg moment due to wmd pressure, My, in

‘ton-m, may be expressed by the equation :

S —= Mw=’}‘PCDA1)2h
e e S
- o where, p=density of air, in tons sec?/m*
Fig. 1 » =1.25x 104 tons sec?/m4
C p=Ilateral air drag coefficient

A=projected lateral area of portion of vessel above waterline, in m?

/v =wind velocxty, in' mfsec ‘ l ‘

h= vertxcal dxstance between the center of pressure and the center of lateral re-

~sistance of water which is the geometrical center o_f pro;ec_ted lateral’ areav,
' of the hull under waterline, in m. »
. The measured values of Cp have been made available by many .observers and some of the
results are listed in Table 1. o :
TABLE 1. Values of Co

~ Ship . Co. Measured byA
London Mariner - L4 G.Hiighes (1] ‘
"~ San Gerardo - 1.20 _ n

Mauretania | - 1.28 o

'.(Proposed) © | 128 D. W‘Taylor 23
Toya Maru 3 ©1.00 H. Araki & T. Hanaoka 3)
Kitami Maru | 105 | - #

Kogane Maru ~1.15. S.Okada (4]

with awnings . : : : ’

Kogane _Marﬁ ' 0.95 74
: withoui{t awnings | ‘

On the other hand, the actual magnitude of heeling moment due to wind ﬂbpres,sure directly.
‘measured by Mr. _Okada and the résuﬁs piiblished in the paper (4], 'reveals‘fhat the center of
préssure is located cons1derably above the geometrical center of pro;ected lateral area of portion
of ship above waterline. If we now take : o o

ho=vert1cal distance from the actual center of pressure to the center of lateral
resistance . . .
h=vertical distance from the center of area A to the center of lateral res1stance,
ratio of ho to 5 has been found to be in the order exemplified in Table 2.
TABLE 2, Ratlo of ho to h

Ship o holh ‘ "Cp-hofh
Kogane Maru, with awning v 1.15 1.155 1.33
Kogane Maru, without awning . 0.95 1.23 C1.17
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Therefore, » may be used in lieu of~ho to simplify the calculations, provided that the values
of Cp should he increased to incorporate the effect:of rise in actual center of pressure. Weigh-
ing the averge value of Cp.holh shown in Table 2, and‘ also with reference to papers (1} & (2],
the value of 1.25 for Cp was adopted for our purpose. 'Therefore;

M, =0.78 x 10-4Ahv® (1

In passmg, Mr. Kato’s paper shows the variation of heeling moment due to wind pressure at
A-dlfferent angle of heel. In view. of far less magmtude of heeling moment due to wind pressure
compared to that due to movement, of passengers with "the shxps engaged  in Smooth Water
Serv1ce, equation (1) was adopted for simplification.

In the United States, as shown in Appendlces I&: [6] hiid & [7], the steady wmd veloaty
«of 37 miles per hour (or 16.5 m/se¢) is adopted for fully protected areas. such as rivers, harbors,
«etc., and the value of 45 miles per hour: (or- 20.1 m/[sec) for partlally proteoted areas such as’
"lakes, bays, sounds, etc., as well as for Great Lakes (summer). It is difficult to determine the
, «clear-cut standard for steady wind veloc1ty for shlps engaged m Smooth Water Service, but it
‘seems. not too unfit to assume the average wind velocity of about 10, m/sec. In actual cases
however, it is essentlal to take mto consideration the sudden gusts of the order of 1.4 times the
;averge wind velocity, and therefore the standard wind. velocxty éf 15 m/sec was adopted by the |

board. Substituting this value with v in equation’ (1), we have :
, Mw=o.0176, Ah (2

- §4. Heelmg Moment due. to Movement of Passengers

“In the case of passenger shlps for Smooth Water Servrce, which carry on .board a relatxvely
darge number of passengers comparedl to the size of these ships, heeling. moment due to move-
ment of passengers is of considerable magmtude, but httle useful informations on this. subject

‘zmay be found Whereupon, authors have decrded to determme the heeling moment. due to
normally incidental movement of passengers by the method descrlbed below. ‘

(1) Distance of movement of passengers’ load .

Let us suppose that a3 number »n of passengers “in the. passenger .spaces. are ﬁrst dlstrrbuted abd .
‘the density » per umit floor area (in persons/m"), and then these passengers have moved and
formed the densxty 70 (m persons/m-), and thexr center “of ‘gravity has moved the distance d' .
(1n m). When, as shown in Fig. 2, the - axis is taken along the athwartshlp dlrectxon, and ¥
:axis along the longntudmal direction of the passenger: space in the ship, within the small strlp

.area dy, the distributed breadth of passengers is 200 aft_er the _passengers »‘have‘,’moved, and

7Yo. ) ) }
“therefore it follows that their center of gravity has moved the distance q;(1—~l—) While the
y :
number .of [passengers in this strip is 7-2z-dy, it further follows : %
f (1——)1*2.7: -dy. - 8-
d=_"0
Wk » [2 & ‘ ) ‘—‘Iﬁ
where n=r| 22.dy .
, ) , 44 P
. f i; ; // 7/ . o
therefore d 2(1—7) » /0/% bd
A 0

e 1A . ) ‘
Where%f mﬂ-dy/ f om-du is not hing but the athwartshjp dis-
- 0 .

Rance from the centerline of passenger space to the center .y Fig. 2
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of passenger spacé on one side of centerline, namely, b (in m), then:

d=2<1—l~>b’
. o/ .
When we take B (in m) as the average athwartship distance, within which the passengers

are free to move, the results of our calculations with the various ships indicate :

1 a—
b=y
Therefore d_-~t1—r—°)3 (3).

The actual groupmg test of passengers in a limited area demonstrated that the maximim
value of 9 persons/m- for 70 may be reached and the value of # persons/m?. is readily attained
under normal condltxons The 1nvest1gatxon conducted by the authors (Appendrx D) also indicates
that all the passengers may easﬂy move from: the centerlme to either side abreast (ro=2r). As’
the r-value of these ships was 3.33 persons/m~ ro comes to 6.66 persons/m?. ‘Therefore, the 7o
w,value of 7 persons/m?was confirmed here as readnly attainable under actual circumstances.

In Fxg 3, where 7 is the al c1ssa, 2d/B the ordmate, equation (38) can be 1llustrated by hne :
A which corresponds to 7o of 7 persons/m2 Line A is correct in theory, whlle it would bs too
rigorous to assume that all the passengers move at ‘the same time to a umform densﬂ:y _

The authors field 1nvest1gat10ns (Ap-

{01 » pendix I) fnvolved the experiments of
94 A: d=L(1-T)B, Ti=T persons/m  mOVing passengers When the dlstance
] : o o e of assen ers” CG movement is asses-
8 - 8: d=%(1-E5)B, =7 persons/mt P 8 :
7 N e sed from the actual angle of heel in
sl i C: AMSC , ~ these experiments, it comes as plotted.
g{ e ' S ’ L " in Fig. 3, showmg the values about’
T s - D: U.S.C.G" - , :
o : o - o one-half the,: helght of lme A.. This
A J o! ’;“’Ct"*é‘-e"‘,:h‘es/ correspending .tendency may be attributed to the
| H ine A s 2 }
-3 g ' fact that each ship was under way
R | .
21 D. | : and that the movement .of passengers:
) 4 o \ could not be accomplished to a uniform
1 ) i N g . - . s ‘
— N density due to various obstructions on
6 1.2 3 4 5 6 T RS s .
S T personssmt board. The authors have, therefore,
F1g 3 A seen fit to adopt, as the optimum
measure, hne B of Fig. .3, namely, ‘ '
d= .lfl——r—)B and yp= 7 ;’)e‘rsons/m2 : ‘(4) “
4\ 7o . .

Let us now attempt to translate the meamng of equatxon 4) m other words. Supposing. that
the passengers move from the density 7 to #/, then : -

d_—-(l-__\B
. . 2
. By equating this equation to (4), we have :
L 171 1
Elaitaey | |
That is to say, the passengers condensate to the arithmetical mean value between the original
and the possible per capita ﬂoor area.

The récommendations by American Marme Standards Commlttee (See “Appendix II and 6)), :
may be 1nterpreted to have assumed the movement of all the passengers from the centerline to
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either one side of the centerline (d=b5), and U.S. Coast Guard Regulations (See Appendix IIT and
{7 to have reduced it to d=0.315, and therefore these requirements may be expressed by hnes
C.and D respectlvely in Fig. 3. In both cases however, the maxxmum angle of. heel is hmlted
to one-half the freeboard or 7 degrees whichever is less. There are also shown in Fig. 3, .7-
"values of 3.333 persnos/m? and 2.222 persons/m?, ‘that are mest frequently found with the pas-
senger ships'for Srhooth Water Service, -

@) Dens1ty of passengers before movement

When the passenger capacity of the passenger space is denoted by # persoms, and the area
of the space by ¢ (in m?), the average area per passenger is a/n. .Article: 93 of our Sempaku
’Setsubl Kitei, gRegulatxons for the Arrangements of Ships) provides ‘the values of aln.as shown
in Table 3 for the passenger ships engaged in Smooth Water Service.

TABLE 3. Minimum Area per Passeng_er

Space on and above Upper-| Space’: under and below

o Deck and Space immediate- :
Class of passenger . ly under U.D.. - | 2nd Deck
] / ) ' n/a
‘ _ a]n(m /person)errsonS/m ) \@/n (m?/person) (persons/m )
1st .85 1.176 .10 - | 0.909
2nd '0.55 . 1.818 | - 0.85 - 1,176
3rd 0.45 2.222 | 055 1.818
T — - — : NS E——
(For the shxps capable of cruising the |- 0 30 3.333 o Sake S : 2 222
maximum distance w1th1n one hour)

- Tt appears therefore: perm1ssxble to take nla for the values of r. As the investigati'ons by ‘the
authors indicate, however, passengers donot occupy the area in between couches tables, etc. Thus,

TABLE 4. Values of ¢, a1 and a when the area occupied by these obstructlons

PP T — = is denoted by a1 (in m?), 7 then becomes
o |7 almh a(m?) v@(}m~) ' "n/(a—al),. It should be noted-again that the
L1 | 21330 | .87.25 | 7458  4rea g in these Regulations consists only of
L2 - | .156.00 . 44, 00‘ 48,61 the space fitted.for the accomodation.of pas-
L3 . | 389.00 14.64 12.22 - ‘ ' . . ‘
. : o ; sengers, and do mnot include such spaces as

L4 36.00° 17.12° <12.46 . . o ' A ‘ :
- _ : ’ . passage-ways, . stairways, etc., where the:

passengers may also freely move about.. When the area of these spaces totals as, then :
¥ Y
a—aita i
Table 4 lists the values of g, a1 and as of some shlps and indicates that a1 is larger than a. for
-the smallest shlps, but becomes smaller than a» as the sme of the.ship increases. It follows»

that it is not necessary to cons1der couches, tables, etc except for smallest ships, and 1t would

not constitute too heavy a demand in general even though r were represented by n/a. Eventual-
1y, nja was adopted for the value of 7 with ordmary ships in questlon. Incxdentally, values of
.#(=nfa) are mostly either 3.333 or 2.222 persons/m- '

(3) The maxxmum athwartshlp distance of free passenger movement _ L .

The average athwartship distance of free passenger muvement within the passenger spaces is,
in ordinary cases, equal to the average extreme breadth of the passenger spaces, as shown in
-Fig. 4. When there are such spaces as passage-ways outgide ‘the proper passenger-carrying
spaces, as shown in Fig. 5,‘ these should be included to assess,the meah breadth. When these
outside ‘spaces are narrower than 40 c_rh, as shown in Fig. 6, they are to be excluded in obtain- -

ing E: as beihg impassable by passengers.
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- Fig. 4 4240cm
(4) Heeling moment Fig. 5

When, ‘ : .
Mp= Heelmg moment due to movement of

passengers, in ton-m
w=Average weight of a -passenger, in
" tons
Uy

'then; Mp is the sum of heeling moments

due to’ movement of passengers in each ' 4<40Cm
passenger-carrymg space, that is: Fig.-ﬁ
‘ Mp—-and '
. Therefore, entermg d(4) into this equatlon, we have
Mp=—wZ<l—T)nB (53
Assummg w=0.06" ton, rg.—'f persons/m~ and r—»Z—: ‘
Mp=o0. 002142(7“-\"3 | | (6)

v §5 'Maximum Permissible An‘gle of Heel -

Mammum angle of heel adopted in the Umted States is hmlted to one—-half the freeboard or 7
degrees, but to either wind pressure or .movement: of passengers, mdependent on each other, a,s
quot_ed in Appendices II & (6] ; ;I & [7]. In our standard, the heehlng m,o_ment was assumed
as'a sum of the momeuts  due to combined wind pressure and movement of passengers, and the
maximum angle of heel was hmlted to 8025 of the freeboad, making a certain allowance for waves
and other effects. That is,

Fig. 7 _ Fig. 8 ~ . Fig. 9
when, C ' : L ’ :
f#=Maximum angle of heel, in degrees . .
B=Beam of the shipsin m
- f=Freeboard of the ship, in m -
We may write,

2(0.81) _'~1.6f
B B

' tan 0= (7
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Even though the ship mey have sufficient freeboard, excessive angie‘ of heel must be avoided.
Therefore, it Was decided to' limit the value of freeboard, £, in the formula to be not in excess
of depth of sxde submersxon at the angle of heel of 20 degrees.

f<——-B tan 20°

or f<Bj55 (8)

- The freeboard should be measured in general to the top of the upper deck as shown in
Fig. 7 ‘but in such cases as Fi ig. 8 where the side platmg is Watertxght to a certain level above
the upper deck, or where there is an opening below the upper deck, Fig. 9, it should be measur-
ed to the lowest edge of non-watertight portion.

§6. Standard of Stability
- As’ stated -the ships must have an inital stability which will not allow the sh1ps to heel in
excess of the limited angle under wmd pressure and ‘movement of passengers This is expres-

sed by the followmg equation, where GM is-the metacentric height (in m) and 4 the dxsplacement
(ia tons) of the ship :

- GM=(My+Mp)[dtand (9
Substittuting equatnons 1y and (5). into- ‘above, it follows :
GM>{0 78><10-4 Ahv? +—-w2(1—--;—>n8 }/4 tan @ ¢11))

" The working formula is obtained by introducing equatlons (2, (6), (7) and (8) into the above

general equatlon (9)

. . N ‘
GM>(1 1 Ah—t—anB)B/lOO fA e ’ TABLE 5. Values of %
F=Bj5.5 Sy (’11) _ a/n(m?/person) &
n ' ' : —
__7;:0._134(7—-;) , R S 0.30 . | 0.49
where values of k. may be obtained from Table 5, because 0.45 v 0.64
n/a may be subst:tuted by nla from Table. 3. g :z ' g ’(;z ‘
Table 6 1llustrates the results derived  from the actua 1" 1o 0' 82
shxps usmg the formula (11).  The calculated results requlr- _ - .
~ed by U. S Coast Guard Regulations.are also shown for comparlson '
TABLE 6. Calculated Results for Actual Ships
' .| Passen- . . GMrequir-
.| Hull : ' - ; Actual Required ;
Ships| - .+ | G.T. [L (m)x Blm)x D(m), d(m) ger d(tons) ~ ed by
"HPS| Material , 1 | Capacity | |GMm)| GM(m) 1yy.5.C.G.(m)
L1 | Wooden 150 | 27. 00 x6.40%2.40} 1.83 7051 153.65.| - 0.710 | : el.144 ¥¢1.210
L2 " 123 24.00x5.80x2.30 1.80 - 520 | 127.07 | 0.410 ¥¢0.870 ¥70.945
L3 " . ©19 | 14.90x3.90x1.32] 0.87 130 23.69 1.030 0,594 | 0.753
L4 "o 19 | 14.25%3.72x1.46] 0.90 . 120 19.21 0..460 +70.554 ¥¢0. 756"
L5 [/ - 19 | 14, 5_0 % 3.85x1.25 0. 8_7 ) 160 25.90 1.667 . 0.674 . 0.850
16| Wooden | 18| 14.50%3.95x1.33 .86 157 | 21.84 | 1.746 | 0.734|  1.009
L7 Steel 600 | 53.00x8.50x2.20] 1.58 957 | 346.00 2.600 1.789 1.273
L8| Woagden |. -42 | 18.29x4.27x1.83] 1.26 131 ] 51.77 0. 580 0. 288 0. 366
L9 " 12| 11.28%2.76%1.37°0.89 | -+ 51| 9.15| 0.717 0.462 . 0.576
H1 noo | 117 12.42x2.83x1.27) 1.08 37 18.39 0. 361 0.226: 0.171
H2 | Wooden | % | 11.00%2.70%1.30] 0.53 | - - 34| . 6.85| 0.470 | 0.363 0.381
"H3 1] Rt "7 111.00%2.58x1.06] 0,42 29 6.13 | 1.161 0. 300 . 0.323
S1 ) Steel 81 ] 21.34x5.49x2.44| 1.90 . 195 93.88 | 0.630 0.447 0.420
"S2 172 | 23.00x5.80x2.50| 2.07 . 322 |.164.03 | . 0.610 | $%0.706 +:0.679 .
' 83 Wooden 42 18 13x4.491.67] 0.96 | - 170 41,04 0.820 0.480 |  0.634

Note : % shows requlred GM larger than actual GM
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§ 7. Additional Notes

There are some features to be born in mind when using this standard above outlined. They are:

¢y The' standard assumes that the stability curve forms a sine curve, as may be. seen from
equation (9). This is justified on account of the limitation of the rna}‘ci‘mum"angle to about
16° (which is 802 of the freeboard corresponding to’ the inclination of 29"), and also be-
cause the maximum GZ’s of the majority of ships are found. betweeh 20 and 25 degrees of
heel.. The assumption, GZ= GMsin®, is therefore always on the safety side for the ordmary
shxps and it does not give too different a ‘value from the .actual GZ, For the shlps with
pronounceéd flare or tumble-home, and those with bulge, etc., it is necessary of course to
derive and use the actual GZ.

(2) Passengers were supposed to be of capacity'number and to move on athwartship direc-
tion on a predetermmed level. If the passngers were to move on-to higher decks, for ex-
ample, GM would be reduced .and the ships passable under this requirement mlght not

" necessarily remam safe.

(3) The shxps were supposed to carry capac1ty number of passengers. By substituting n=ra

- into equation (5)

Mp-— —-er(l -—.—-r) aB
,_The heehng moment due to movement of passengers varles along a parabola, as shown.in Fig.

10 reachmg to a maximum at r-—’:}.‘ “The: value of 7o
was taken 7 persons/m- and as seen from-Table 3, » never
,reaches to’ ~2—. . Therefore, from Fig. 10, Mp becomes the

largest when the ship carries passengers to the - capaéity.

On the contrary, M, is of course greater when carrymg

_ Fig. 10 o less passengers, but is still far smaller than Mp in magni-
tude. This condition, however, gives greater freeboard, and thence greater angle of heel per-
missible, and furthermore increased GM in ordinary vessels. For these reasons;, the ‘considera-

tion of the only case when carrying a total of capacity: passengers is justifiable.

§8. Conclusions

In the foregomg, authors have attempted to descrlbe the prmc:ples and procedures in prepar-
ing the standard which may. be summarized as “follows.: .

(1) The standard of stablhty was selected so that a safe initial stablhty would be malntamed

against the average wmd velocity of about 10 m/sec (steady wind velomty of 15 m/sec)

abeam the ship, and under the movement of passengers normally incidental.

(2) Heelmg moment due to movement of passengers is far greater than that due to wrnd pressure.

(3) The athwartship movement of .CG of passengers was determmed accordmg to the original

" density of passengers, a departure from. the conventronal uniform practice.

As admitted in the introduction of this paper, this standard may hardly be asserted as per-
fect, and contains many problems yet to be 'sol\}e'd For instance, there are some places m the'
scope of Smooth Water Area, where the effect of waves cannot be neglected But the pattéerns
of waves are so var:ous and complex at the dlfferent places in the same bmooth Water Area,
that even the attempt to determine standard wave proﬁle presents a very difficult problem. In-
cluding a solution of _th1s important problem,‘ it is strongly hoped that a.more reasonable stand-
ard of stability will be developed in the future. :
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-APPENDIX ™ REPORT OF INVESTIGATIONS ON STABILITY OF SHIPS

'ON “ ASHI-NO-KO " AND * BIWA-KO” LAKES

The authors have conducted investigations on stability of cruising ‘essels on ¢ Ashi-no-Ko

and “ Biwa-Ko”’ lakes.

available at the time of these 1nvest1gat10ns
decks-due to theé unfivourable weather. With these disadvantages, the objects, as prev1ously ex-
pected, were not _ﬁilly attained. - Many groups of higher-and middie-school students on excursion

were available, on the other hand, and they were. willing to cooperate with our experiments on

the movement of passengers.
- The tests conducted were of the nature hsted in Table 7.

There were not many . tour1sts, and therefore few full-load condmons :

Besides, passengers did not come out to weather

“TABLE 7 Vessels tested and types of test

Place “Ship | No. of passengers ‘ " Date Type of test
335 hlgher»school : Contmuous recordmg of angle of heel
© students - 4 Jo ne 53 @ st)
- 5 June 53 'l_nc'lining experim‘ent
R — ; " Rolling experlment
L2 Continuous recordmg of angle of heel
» : (2 nd)
. 320 middle-school " Durmg this recordmg,
: *'students ) "Rolling experiment,
o Passenger movemerit test, and
turmng ‘test were also made.
s« Ash.i—rlo-Ko” : '4 . — 1" 4 June 53 Inclining 'éxperlr‘rleht
' — " -1 Rolling experiment
L3 . i : Continuous recording of angle of heel )
143 higher-school " During this recording, o
students (girls) - Passenger -~ movement test, and -
: : turning test were also made. . ‘
- " Inclining experiment
s — " Rolling experinlent
100 iddle. .. Continuous recording of angle of heel
100 r:éggéi?:hogl 5 June 53| During this recording, '
Turning test was also made.
: — |3 Nov. 53 Rollmg experlment :
“ Biwé-Ko ”o L'7‘ - : Contmuous recording of angle of heel
.| 989 %g;:;?’le < " During this recording,
p ger ’ Turning test was also made.

For the continuous recording of angle of 'heel,

rolling recorder of U-tube type was used on

¢ Ashi-no-Ko >’ and that of pendulum type on ‘ Biwa-Ko.”

[Ship L 2|

From the’ results of inclining exper:ment displacement,’ GM etc. under each condition were

calculated and are shown in Table 8.

(1) Normal angle of heel and normal movement of passengers . -

As indicated by the continuous record of angle of -heel,

Fig. 11, the ship heels to port and

starboard following the guide’s explanations, and also when a “pleasure boat comes - close and
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attracts passengers on one side. A maximum angle of 5° was reglstered when the pleasure boat.

TABLE 8. GM under each condmon

" Passenger v - Experiment d(t) V,WGM'(m) KG(m)

. | Inclining I : ‘ .
— : .98.77 1.069 | 2.200
| Rolling:"- - v o

355 ‘higher~school sutdents (55Kg/he‘ad)t e . 4. ' ' o Sl
“Distributed: 200 on promenade deck C‘mltm“f"‘;f jFecordingof | 195 77 | 0.570 | 2.560
155 on upper deck angle of hell (1st) : :

%

" Continuous recording of |
angle of heel (an)

320 middle-school students (50K g/head)

Distributed: 95 on promenade deck 'Rolhng | 114.83 | 0.740 | 2.410
225 on upper deck . | pagsenger movement ' .
Turning "

appeared on the starboard side. Heehng ‘moment. of 5. 73 t-m 1s required to heel the ship to this::
angle, and this moment would have caused the ship dnder full load condition (A 127.07¢) to-
heel when GM=0. 410 m, i.€., passengers at proper pos1t1on, to 0=7°, and when GM =0.297 m,.
i.e., all passengers on promenade deck, to 6=9.8°. '

Assuming that this moment was caused by the movement of all the passengérs on each deck,.

the change in the dens1ty is derived from :

355 %0. 055x42§><(1—:¥)=5.:73 ‘

Yo

Therefore, " =0. 893 or ro-l 12 r. Further, athwartship movement of CG of passengers=0.30m.

=—2—Ba— 'Assummg thgt only the passenger, ‘who ~spotted 'v the pleasure boat, motred, and that:
they were 200 persons.in number, 7,=1.23.7,
(2) Passenger movemont experiment ‘
- The results of this experiment is shown in F1g 12,
’(a) Movement only within promenade deck house
No. of passengers moved 95 Moved to starboard side on centerhne 'Registered 0f=1.4°":

Est1mated heelmg moment 95.% 0. 050 x - % .

WhenB =Breadth of the deck. house, or 4m, 0= 3° -
WhenB 3m, i.e., bench spaces do not admit passengers, 0=2.25°
(b) Movement only within upper deck house A
No. of passengers moved : ~ 225. Moved to starboard 'side on centerhne Reg1stered =6

Estlmated heehng moment=225x 0. 050><Z )

WhenB 3m, 0=6°;
(3) Turmg experiment
The results are shown in F1g 12.
Atg. ahead and-10° helm, registered é=2'30, _
The eqnivalent heeling moment would have heeled the ship under load condition.
(4=127.07 ) as much as: o o h
‘When GM=0.410 m, or passeng:ers at proper position,' 0'=3.75‘.
When GM=0.297 m, or all passengers on promenade deck, 0=5.1°
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Next, at.% ahead and. 20° helm, registered #=3.5°

The equivalent moment would have caused the ship under load condition (4=127.07 £) and with:
GM=0.410 m, to heel 0=5.7 or - GM=0.297 m, to heel 0=8°
(4) ‘Rolling experiment

(a) - During inclining -experiment,

- GM=1. 069m- T=4.9 sec, K 2 53m 2i7
(B Durmg the ﬁrst trip' (Fig. 11)
T was not measured, but from Fig. 11,
GM—O 570m, T=74 sec, K=2.78m= 2.1350
(c) During the 2nd trip (Fig. 12)
GM= 0.740 m, “’I’.= 6.0 sec, ' K=2.53 m= .2i7

]' Ship L.3|
‘From the results of mclmmg experunent d1splacement GM etc. under ‘each condition were

calculated and ngen in Table 9. "
TABLE 9. GM under each condltxon

_Passenger - - Experlment | Ay | eMm) | EG(m)
AR ' Inchnmg - U
— . - — 16.15 2.210. 1.610
: Rolling o ) S o .

Continuous recording of |
143 h1gher school gxrl students angle of heel o .
(48 Kgjhead) - S T 3 23.014 |  1.114 | - 1.846
Distributed : 101 on promenade deck | Passenger movement o : :
- 42 on upper deck .

. Turning

" 'Continuous record of angle of heel is shown by Fig. 13.
(1) Normal angle of heel |
» "Normal axigle of heel is very small.- This can ipparently be accredxted to the ship’s char-
acteristics gwmg a.good command of vxew from the promenade deck and also havmg a rela-
txvely h1gh GM.
' (2) Passenger movent experiment (only on promenade deck) -
(a) When the passengers on one side of centerline moved to centerline passage-way, re-
gistered 0=3° " ‘ '
‘Since r—4 12 persons/m?, and 70_5 75. persons/m~ 1. 397

- B= 300m gives 0=4.5° -
which is in excess of the observed value. ThlS is accredxted to the fact that the density b_
was not uniform, but was*higher adjacent to the centerhne
(b) When the passengers moved from the centerline to starboard Slde of centerhne
reg1stered 0=5° .
Since r=4. 12 persons/m~ and 7p=8.24 persons/m~ 2.0r

) B=3. QOm glves 0=8° :

To give actual 0=5°, B must be B=(3. OO~1 Dm
(3) Turning experiment o ,
At full ahead and 30° helm, registered 0:7.,9°
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©)) Rolhng experiment

B
GM=2. 210m, T=2.5sec; K=1.85m= 5. 99

1Ship‘ L5
'The results of ‘inclining experiment give the following values of displacement, GM etc. for each -
condition. ‘ ' '

TABLE 10. GM under each condition

Passenger o B _Experiment 4@ | GM(m) | KG(m)

| Inclining | | | T

— . : 19.30 2.500 1.190
- " | Rolling : ’

100 middle-school students’ - Sgnlténggtfée{ecot‘dmg of - _ - :
(50 Kg/person) . g 24.30 1.871 1.269
. All in passengers’ lounge . R ‘

'Turnmg N

Contmuous record of angle of heel was obtamed but the angles were very small, as the ram
and fog confined the passengers within the lounge.

. Turnmg experlment ‘

' At full ‘ahead and 35° helm, reglstered 0=4°

(2) Rolhng experlment

GM=2.500m, T=2.6sec, K=2. O5m——1~‘%6-

1 Ship L"7}
The values of displacement; GM etc. .under each condition were calculated as shown in Table 11.

TABLE 11. GM urider each»condmon

-

Passenger ' . Experiment . a0 | eMom) | EGOm)

— o Rolling ; 1315.00 | 2.630 | 3.310

' Continuous recording of
589 general passengers s ~angle of heel

(52.6 KgJperson) 346.00 | 2.600 |  3.360

Turning -

(1) Continuous record'mg of angle of heel and turning experiment
This shlp had a very large GM and suﬂiczent stabxhty
(2) Rolhng experlment e c

B
GM=2. =
M 630 m, T 5 2sec K=4. 20m 2.02

Conclus ions -

The investigations revealed many features, unrecogmzed in the past and some of which are
listed below : . : o 4
(1) Angle of ‘heel due to movement of passengérs is greater when a novel thmg appears on
a side of sh1p than while passengers coming on or off board. When coming on board, even
‘with a rush, passengers usually run.to thé other side and when leavmg, passengers on
promenade deck converge to foreward and after stair-ways and only those on upper deck
shift to one side. Thus, the angle of heel is not so large in both cases.

(2) Angle of heel whxle turning is sometlmes too 1mportant to’ be neglected Even though
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: tufning while under way full ahead is nbt imaginable -except When encountering the other -
ship in a dense fog, and turmng alone should not cause excesswe heel, turning at a slow
speed when nearmg to pier may sometimes register an apprecxable heel. This is to say,
when arriving at pier, combined concentration of passengers to one side and ‘turning may
glve rise to large angle of heel

(3) When passengeérs move, it is safe to assume. that they do not come into the area where
couches and sofas- are placed. ‘Therefore, the effect of couches must be taken into account.
This point has been __re-exammed in §4 of this paper. '

(4) The ratio of densities before and after the passenger 'mqvem,ent was, under normal con-’
_ditions; in the order of : ry=1.127 for ship L 2, Under intentional conditions, 7 =27, or
the movement. from centerline to one side of centerline,’ is fully possible:

(5)’ Whep passengers move to one side under riomél conditions, the existence of -deck house

does not necessarily separate the movement in and out of the house.

:ig. I
‘Pirst continuous record of angle of heel for Ship L2.
Date: 4 June 1953, 3.30 to 3. 30 p. m., claudy Crew and Measurers: - -1
Trip: Kojiri to'Moto-Hakone ‘ = 115.8 ¢ oM = 0.57 m
Paseengers: 355 highz»r-school students . . Rolling Period- 7.4 sec.
hy - average weight per person, 55 kg. - -¢ Clinometer reading
e ) . ) .
~ i Lt ; .
3o ey ﬁﬂaﬁgM&wwmﬂ M\“ e : :
5 T L %7 . 7 \
Engiﬂe etarted B E = : 10 minutes since start of
) eadin|
Si cnnometer reading R I clinometer reading
started ) L Pagsengera began leav.‘ng s)vzp
) . . . : Coming alangside pier, rope cést ashore
- -A pleasure boat apaeared on starbeard e\le
) : - Gaide's explanatiou of Hekona-Gongen uﬂ"i?ﬁ on po*t side
j A S 1 M 4
0 [ 2 34 5 6. 7 R Time i Ar_. .
 Fig 12
Second gontinuouy recora of angle of ‘nreel for 3a1p L';'.'
Pate: 5 Juse 1953, 2.30-to 0.0l a.x., cloudy . Crew and measurers: 1) persons
Trip:  “oto-Hakone to Kojiri . = 11k.83 ¢, GY = 0.7% m
N Prssenters: 320 midcle~school jrd-year studen:s, : :
5 R : - weizrht. S0 kg/person '
Sog : L ’ o ® . L
F . _MM“"“'*\ Pasgenrers' 2ttention drawn
0 . - g PO N " ~
b Passengers storted o '
5  berrding - “ L‘:—n sengers "1l 2board L L toto port side
r ’ = - Rolling exoerxn‘ent "3
pv, . merisd = 6 sec . . starboard side
N RS ort sid
a3 Tport side
i A R A 78 L N T At R T 7 ST YT R
C'on‘l;inued from zbove’ Tim in Min
5: Turning experiment PnSsenger athtartship movement. experiment
5t ot } ehead . L - L . .
1 ANV pr e —— - —
st B " \ ot L . ‘ t . T " .
Pk i t f . . . -ginmins Lall those on Passengers startec First ovesseacers
.[ 51'0"5 of "a\eme:t UN0eT deck to getting of{ from of next trip
Feim e . an upper % starbozrd half : sta_rboard side startéd boarding
LPIO' 3!’.’)1‘00?!‘*” 20 9:e% to normal distribution urning to port before LLast passengers
hem | D€L ! Traneition to starbosrd over coning alongside left
i % - s, L A .
: nrt ['C“ :.f.l: Jverent started; only th ose on :)ror"enace deck

X0 207722 25 24 25 26 27 28 29 30 31 32 335 3F 35 36 37 Tme i Min
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(6) Heeling moment due to movement of passengers may be considered statical, expcet in
extraordinary cases. ' E

{7) Rolling experlment can be accomphshed ‘more effectwely by brmgmg the ship alongsxde
a pier and giving a seesaw by the ra11, than the ordmary method of moving weights on board.

{8) This sort’ of experiments and recordings of angle of heel when .underway_ should be con-
ducted several more times; rpreferably under full load conditions; to obtain datak under more

severe circumstances. . .

Fig. 13

Coutizuous record of anéle of Heel for ShipL3.
Dgte: 4 June 1953,°5.30 to 6.CC s.m., cloudy Crew and measurers: 9 Eersens
1.114% -

Trip: . Kojiri to- Hakone-machi . =23.01 t, 3=
Passengers: 143 girl-students ’ : ) | '

average . wexgnt ] kg/nerfo. “

g

:5° tzeaving t»Peesengexsf Further to starboard .side
3 8 i atter : - .

P ::La:nger pier ) dr;::t;gn Y ios belm to Those on port side to center l;ne

. boerding . . © H3Kone Pelece grarvoard

S vhile full B
ahead . Experlment on movement of passengere

) » ) . on promenade deck . R -

L . L . : L . R L s i . . . N N
=0 T 3 T AT % A7 APy M} Ay ” Sy Sy 7 S T 0

'y
L Pessengere 8tarted

a shrine on sterboard coming off

:st Sontinuegd frem above
v
E gide -

g g 1
Guide's explanation of {

Engine 'stopoed, .
. Turning to port side

R . i I ey 1 4 - L 1
21 22 23 24 25 26 27 28 24 30 (Timen Mn

R

APPENDIX IX. STABILITY AND LOADING OF SHIPS (FINAL REPORT OF THE
AMERICAN MARINE STANDARDS COMMITTEE)

The Amerxcan Marine Standards Committee recommended the following standa;rd of stabxhty
«(1) Groups of vessels . , o
Gfoup I.—Ocean andcoéstwise.' Group II.——Par*?ially pfdtected wéters. ‘Group III.—.Smooth '
and protected waters. v ' .
(2). Minimun initial stab1hty

The mxmmum initial stability when operatmg is. ngen by three formulas;

Formula 1—In all groups the heel is hmxted to that wh1ch will 1mmerse not more than one-
“half of the freeboard and a maximum. of 7° when the vessel is subjected to a steady beam wind
«of ‘about 55 mxles per hour for Group I, 45 miles per hour for Group 11, and 37 mrles per hour
for Group 1I1. )

Formula 2—In all groups the heel is limited to that wh1ch will 1mmerse not more than one- -
‘half of the freeboard and a maxxmum of 7¢ When passengers crowd to one side. .

Formula 3—In all groups. the heel is limited to that which will immerse not more than 6ne-
‘half the freedboard ‘with limit of 7° when any two adjacent compartments on one side of the
vessel are assumed flooded due to damage.

3 Requlred mihimum GM ' ,
The minimum initial stability when operatmg shall be thé maximum GM as given by the
:followmg formulas :
' (@) GM=CAhB/4f-...-.f must not be greater\ than either 0.246 B or 4 (fw-l)
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(b) GM=0.005MB|4f----f must not be greater than either 0.123 B, 2 (fu—1), or 2(fs—1).
) GM= (de}fi)[f'(u4+w)--~-1f must not be greater than either 0.123 Bor 2 (fu—1).
In the foregoing formulas the symbols have the following signiﬁcance:
© GM=Metacentric height in feet. '
B=Molded beam in feet ’
fo=Shell- opemng freeboard in feet.
" A=Exposed longitudinal - area in square feet above waterline on which the wmd may
act in the upright position. .
M—Sum of the moments about the centerhne of the vessel in feet?, of the total net
' passenger-deck areas’ on one side of the vessel
d=Distance in feet from the vessel’s centerhne to the center of grav1ty of the com-
- partments.
4= stplacernent in long tons.
jw_Weather-deck freeboard in feet.
. .
0. 0050+m— for.Group I
L2

e={0. 003‘3+W for Group»II.

L2 N
0. 0025+m for’ Group III

h—’Ver‘tical distance in feet from center of A to one-half the draft.
w= Capacxty in cubic feet to waterlme of at least two adjacent compartments
\u 35 for salt water, 35.9 for fresh water. :
L=Length in feet on waterline. -
i=Transeverse moment of inertia of the compartments, in feett, at the level of water- -
line about an axis passing through the ,eenterhof'gravity of the free surface and
parallel to. the. vessel’s centerhne.

APPENDIX 1. RULES AND REGULATIONS FOR PASSENGER VESSELS
. (UNITED STATES COAST GUB&RD)

The U.S.C.G. Regulatlons appears to be the modxﬁcatlon of the Final Report of the American
Marxne Standards Commlttee, and they give the mm1mum GM by the followmg formulae v
@M Weather criteria , ' :

_ The requn-ed minimum metacentnc hexght {GM) in feet at any partxcular draft is obtaxned
from the followxng formul_a s
. GM=PAh|dtan 0
_w‘here.:b L=Length between perpendiculars-in feet.
' A= Pro;ected lateral area in square feet of portion of vessel above waterline.
h=Vertical dxstance in feet from center of A to center of underwater lateral area or |
~ approximately one-half draft point.
4'=Displacement in long tons. .
P=O.,OO’50+(-IZ%&)—)ztons/ft2 for ocean and coastwise’ service,
\ 14,200
sounds, and Great Lakes (snmmerservxce)

=0. 0033+{ ——————) tons/f#* for partially protected waters.such as lakes, bays, and

T | _ : v
L =0, 0_025+(m) tons/f#* for protected waters such as rivers, harbors, etc. o
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ﬁzAnglemof heel to one-half the freebo’afd to the deck edge or 14 degrees whichever
.is less. (For vessels havmg a discontinuous weather deck or - abnormal sheer
the angle to ‘one-half the freeboard may be su1tab1y mod1ﬁed Y -
(2) Passenger crxterla .
The required minimum metacentmc hexght (GM) in feet is obtamed from the followmg formula :
GM=Nx b/244tan 0§
where : ‘ .
N——Nﬁmbef of passengers.
A= D1splacement in ]ong tons.
6= Angle of heel to .deck edge or 14 degrees, whichever is less.
b=Distance in feet from the vessel’s centerlme to the geometmcal center of the pas-

senger deck aréa on one side of centerhne.
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