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CHAPTER 111 BASIC DESIGN

1. BASIC CALCULATION

1.1. Dispiacement and Trim Calculation

1.1.1, Hydrostatic Calculation
Normally, all hydrostatic properties are calculated about bare (molded) hull
and those for the appendages are additionally calculated if necessary.
Keel drafts (extreme drafts from the lowest point of the keel at the midship)
_are adopted for hydrostatic curves as the scale of draft. :

{1) Displacement ' Sea Fresh
Water | Water
A = pgv= yLBICy (1) (LB dim. Vim') y(t/m?) 1-025 | 1-000

: _%_M%g_._(m_) (L.B,d: ft. vifd)- - CUY/LT) 35 36

Displacement of the lower curved body of the ship is to be calculated by use
of the planimeter or based on the offsets of the buttock lines. Center of
buoyancy of the ship is estimated by Morrish's or Hayase's Formula (Fig.176),
or.the integrater is used for more precise calculation.

Appendage includes the shell plates, bar keels, bilge keels, propellers,
propeller bosses, bare propeller shafts, rudders and shaft brackets. The nega-
tive parts due to inclination of the stem and propeller aperture are not taken
as negative appendage. Displacement of the sea chests is calculated as nega-
tive appendage and that of cruiser stern and bulbous bow is included in the
molded displacement.

(2) Fineness coefficlent

Block coefficient - Co= v/ {1.Bd)
Prismatic coefficient C,~v/(AnL)=C./Cao
Midship coefficient . P Cp= An/ ()
Water plane coefficient - Cu~AuL/(LB)

Vertical prismatic coefficient Co=v/(Aud)=Cs/Cu

(3) Transverse metacentric radius
- BM=J/¥"
where [ = Moment of inertia of Waterﬁlane about ship's center line.
BM : See Fig.178
{4). Longitudinal metacentric radius
LBM = [1/V

where 1, = Moment of inertia of waterplane about transdetsg axis -
through center of floatation. .

LBM : See Fig.180 .
(5) Center of floatation (Center of waterplane)

Normally, center of floatation is measured from ¢ by horizontal distance o
with aftwards plus and forewards minus. ' ‘ ’

111 - 1




(6) Tous per centimeter immersion
s TPC =~ yA /100~ 1-025 A ../100

Tons per inch immersion

"(7) Moment to change trim 1 cm (MTC)

MTC= A% L.GM/(100L) % 1-0251./(100L)

Normally, LGM £ LBM
Moment to change trim 1 inch (MTI)
CMTI = Ax LGM/(121)

(') (Av:mi) .

) (LT) (Asi1e)
TPC = 0-399947°TP1, TPl = 2-50033 TPC

(t—m)

(.7T—1)

MTC=0-121904 MTI, MTI~8-20319 MTC

{(8) Wetted surface area

Wetted surface area is obtained by integration of girth length below the

waterline along ship center line.

Wetted surface area of appendages is calculated separately.

For approximation of wetted surface area, 6.2.2.(1) is to be -referred to.

1.1.2. Calculation of Fore and Aft Draft by Displacement and Center

of Gravity

For a certain displacement, the
corresponding 4, XF, B and
LKM (or MTC) are found out on the
chart of hydrostatic curves, then
HBG~5G - 978, 1.GM - LKM-KG -

HBG i

Trim 1 == -ITC_;K‘I- X L(m)
or t= _—"_’_‘_Eﬂ}_@_ (em)

and, Fore draft d,=d-— —;—(lz—l» ’_{F)

do=d+ - 1

L2~ "0

Aft drafe

" Thce Sigzz of .
body.

iR NG

1.1.3. Change of Trim due to shifting, loading or unloading of a heavy

weight (Fig. 2)

wi X [
Change of trim ¢~ A% LGM (m)
1wl
r -l em
o ' W .(cm.
where, w = Weight

! = Distance of shift (in case
of shifting), or distance
betwcen the center of floata-
tion F and the position of
the weight (in case of load-
ing and unloading)

III - 2

M

is a2s5cumed to be plus for.afterside of ship's

M
1o -4
- o 7404
“"4 . _F:_._g‘-.\cf!,“t T LT
Rt I;- L
AP, 1 R
pAS U | RS-
Fig., 2

1a
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For LGM, MTC and A , each figurc for now displacement after loading or
unloading 1s applied.

1.1.4, Displacement 'of a ship afloat at certain drafts

(1) Correction to fore and aft drafts (Fig. 3)
(a) Forc draft

- (do'--d/ )1 l\" T
d,~ - e Brlis .
7 d’ I-— ’a_ l; \r\
d. J, ]

. l. — ’r‘f
(b) Aft draft A.l'.J :E-;l!'“
. . b 1., . . !
 dormdg A Ly SR = o B s
do ™ da + LT, :
Fig. 3

(2) Correction for bending deflection (Fig. 4)

(a) dao = Mean draft at () (to be :
decided by drafts of the E saggiug
\\—_——_

both sides)

w —-*n-"f?“ drat :_
. detd _ R Y P Sy v
l?eflgctlozl of hull ) 2 dyp 7 A.‘P.\L'L_‘tf_fr}ﬁ"}—'—’/' F.P.
_ ] .y . 7 -
&>0: Hogglng' in this case hogging
«&<p: Sagging . ——
- 1 . wi{ _mean draft, . YL
Mean draft - da=--(dat6dyp-Fd) e R A P o
8 LA d-t \/1
L 2 c *-v-‘l,
or dom dat d, +'§6‘ AP, F.p,

2 4 Fig. 4
where, -+ and - should be applied in case of sagging and hogging respectively.

4MTC

(b) For displacement correction per cm deflection, (TPC - ——1—) may be

alternatively applied.
(c) Ohéushi's Formula

i 3 i 2§, 30(1—cC,)
Correction to displacement - 4], ~ Lty 2 T lw)
c P rLBsK, K 3{1 3-2C. }

(3) Correction for trim

Corresponding draft is obtained from mean draft and draft difference between 04]
and center of floatain F, {i.e., Ad= (da—d,) x{DF/L

Corresponding draft d—d, } aAd

Sign of Ad is as per Fig. 5

Sign of 44
Condition Sign Condirion Sign_
3
w, 11
+ o il J Tl -
W D
L,
W B -
- TR e e +
Wi i
Fig. 5




{(4) Corrcction for difference of specific gravity of the water in which the
ship is afloat.

In case the specific gravity 'y of the water in which the ship Is afloat is
different from the standard value 1.025 for sea water, the displacement is
corrected by the following formula.

wherc, A.= Displacement for the corresponding draft d corrected by above
steps (to be found out on the chart of hydrostatic curves).

Example (Fig. 6)

I, =3-660m\4_ r——————108 130m 1/=1-910m
0-789m LT T e
L Z
N Le114-00m————
Fig. 6
. Starboard Corrected
. Port side side Mean draft —
Fore 3-012 3-012 3-012 ~ 2.998
Drafe! Aft 3-796 3-806 3-801 3-828
) (20 | _ 3-413
Midship 3-334 ©3-382 3-358 3-358
Correction to fore draft 1-910x0-789/108-43=0-014 m
Correction to aft draft ) 3-660%0-789/108:43=0-027 m
Trim 3-828—2-998-0-830 m
Initial trim ) 0
Total trim 0-830—0 =D-830 m
Deflection at midship 3-413--3-358=0-055 m
Mean draft corrected for deflection 3-413“—3--><0-055-"3-372 m
Center of floatation 0-655 —0-655 m
Draft at center of floatation 3-372—0-830x “—4-_—{)%.—3-367m
Displacement ' 4470-00 ¢t
Specific gravity of water 1-0215
Displacement when measured 4470-00% 1-0215/1-025—4454-74 ¢

“IIT - 4



1.1.5. Displacement in case of big trim
In casc of big trim, following formula is recommendable to calculate the
displacement with less error.

—_ BNMTO 1Y,
A~ 3,4 looxllemlx(l‘)}SOL = L)+ ()

&= A4 12 % TPEX 0OF % (-»»*)161, 5-“—‘-”’( ) e (1LT)

where, t = Trim
4. A = Displacement at mean draft

For more precise and direct calculation of displacement, the use of Bonjean
Curves is more recommendable.

1.1.6. Change of Draft and Trim by Flooding (Fig. 7)

(1) Change of draft
Homogeneous sinkage &= v/(Aw-- ue) .

where, A. = Waterplane area of ship before flooding
¢ = Waterplane area of flooded compartment
‘& = Surface permeability of flooded compartment
v = Net lost buoyancy of flooded compartment

{(2) Change of trim
Change of trim = pL¢eli/I’

wvhere, { = Horizontal distance from the center of volume b' of the buoy-
ancy gained by sinkage 5 excluding the net lost buoyancy to
the center of volume b of the net lost buoyancy

I’= Longitudinal moment of inertia of the intact waterplane
(A.--22¢) about a transverse axis through its center of floata-

tion F'
w
———— P-__'_ I-—-———*-'—*h,.
! mt_ 'Zﬂﬁ:wywr.uaamcz:zzygg__ﬁ:
T ! Iy
bt

AP b ﬁ"

S AU ———
 Fig. 7
1.2. Capacity and Volume Calculatior

t

1.2.1. Cargoc Hold

(1) Bale and grain (Fig. 8)

(a) Bale capacity (Capacity for packed cargo)
Boundarles for bale capacity are,
bottom : top surface of the sheathing on the inner bottom plates
side : inner side of the battens on the frames or bulkhcad stiffeners
ceiling: under side of the deck girders or hatch girders (top end of the

coamings in case of steel hatch cover)

Normally, the volume of brackets, loagitudinals, pillars, stiffeners of the
bulkheads without sparring is not calculdted, but assumed to be 0.2% of the
volume of cargo hold and reduced therefrom. In principle, the concave part
of the corrugated bulkhead is included in the bale capacity.

I1I - 5



{b) Grain capacity (Capacity for bulk cargo)
. Boundarics for grain capacity are,
bottom : top surface of the sheathing on the
) inner bottom plates
sgide : inner side of shell plate or bulk-
' heads
ceiling: wunder side of deck plates and top
end of the coaming of hatch cover.

Deduction factor for frames, girders, pillars
etc. is normally assumed 0.5%.

(c) For above both cases (a) and (b), the
volume of inner structures such as ventila-
tion trunks or shelves is to be deducted from
the hold capacity. '

(2) Capacity for each independcdt cargo hold

(a) General cargo hold ... bale and grain
capacity to be calculated. Center of volume
to be represented by that for bale cargo.

stecl
'_____g.ﬁ - -_-:]’
g -gi
vale 9w
Egiuu:]°1
ar-
ispar-s) s L

Irlng___

— ,""-—
e

2 0
y

]

L‘
D!
bale

N

 rain

sparring

‘L'al

bale
rai

| bale

a,
v-f
Q

_' .7.

hatch cAer

= 1
ol
(Um i

Of
- 1]

hat ch bl

-
ﬂ
1<

J sheat -

I“‘:f—’-—l -

Fig. 8 Bale and Graim

{b) Bulk cargo hold ... grain capacity only to be calculated, in principle.

(c) Refrigirated cargo hold ... bale capacity, i.e.
tection sparring for cooling pipes or air ducts, to be calculated.

volume inside the pro-
But for

the calculation of cooling capacity, the total volume inside the insulation

should be applied.

(d) Capacity of silk room, mail room, strong room, stores etc. is calcu-

lated same as bale capacity.
1.2.2, Water and Cil Tank .

(1) Capacity calculation

" Following corrections are made to.the total capacity which is calculated
based on the lines or mold loft offsets. The result of calculation is
figured by capacity curves, sounding (or ullage) scale or sounding table.

(Fig. 9)
wle| &
&0 |5l -
w g U
S 158 2
31679 @
w | o KGC (m)
mlm|m 01 2 3 4 5
................. g 04 .
1 9 1500 o
po 1- | <)
1 2 0y & & g
+ ] ) Q
Y 7 o < P
N Y AU 3., 1...1...... ?:--.--------._. e
- 61300 (m)g
s 4 )
o {5 5
by 51 4 {200
= 6 4
b 3 34
g 74,1100
2 151 ] =
84,1 1:
.............................. 940l ol W _ ‘ _
0 100 200 300 400

capacity {m*)

Fig. 9 Capacity Curve & Sounding Scale
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(a) Deduction factor for structures, pipings, etc. (Table 1)
The volume of fixed ballast or cemeat,

1f any, and cargo oil pipes in the Table 1
cargo tanks are scparately calculated i
and deducted from the whole volume. Fore and aft peak tanks 1.0 - 1.5%
Double bottom tank 1.5 - 2.0%

(b) Deduction factor for thermal Deep tank " 1.0%

expansion Cargo tank (center) 0.4 - 0.7%
Under normal temperature condition, = do - (wing) 0.6 ~ 1.0%
deduction factor for thermal expan— Top side tank 0.8 - 1.2%

sion is as fellows.

for gascline, naphtha 52
for crude oil, heavy oil, whale oil 2 - 4%

(c) Weight of water and oil in tank
See Table 4 of 1.3.2.

(2) Sounding table

Capacities arc tabulated for every 10 mm or 100 mm or 1 inch draft down to
the first decimal place in cubic meter or the first place in cubie feet.
Different pitch of the draft may be applied for a certain tank.

(3) Correction for trim and heel

Correction for trim is made to the capacity of all oil tanks but not made
for miscellancous tanks and for fresh water tanks, ballast tanks and peak
tanks the correction is made only when required. Range of trim to be
applied is, normally, from -1 m (trim by bow) to 2 - 3% of Lpp .

Correction for heel is normally made only for caxrgo oil tanks and the range
of heeling is up to 2 - 3 degrees.

Correction for trim and heel is carried out separately.

(4) Height of center of gravity of the . :

liquid in the tank can be easily obtained height of
by the method shown in Fig. 10. center
of gravity

X

1.3. Calculation of Weight,
Center of Gravity and Trim

depth

1.3.1. Standard conditijons
Light weight, full load and no cargo (or
ballast)} conditions are standard condi-
tions, and for each standard condition
except light weight departure and arrival
conditions are taken up for trim calculation, In addition, arrival condi-
tion is divided into two cases by fuel oil consumption, i.e., 100%Z and 80X
consumption, At the stage of preliminary calculation arrival condition for
80% fuel oil consumption only is calculated normally.

Ve capacity

Fig. 10 Capacity Curve and lleight
of Center of Gravity

1.3.2. Standard loading condition of deadweight
At departure condition, fuel o0il and fresh water are fully loaded or
partially loaded corresponding, to the navigation condition and the dead-
weight for cargo and temporary structures is decided by reducing the weight
of consumables and constants from the remaining deadweight. For all condi-
tions, fittings like derricks and life boats and goods in stores are assumed
to be stored in their normal positions, the crew to be on their duty and the.
passengers in their cabins. '

IIT - 7



(1) Crew, passengers and their effects

Weight of a person is assumed 60 kg and the total weight including its
effects fs as per Table 2.

Table 2 Weipht of a Person and its Effects (kp)
(The Guideline for Ship Inspection)

Navigation area Crew Passenger
Ocean going & major coasting area 120 110
Coasting area . 160 .80
Limited coasting & smooth water area 80 70

Center of gravity of a person and its 2ffects is assumed 1 m above the
floor. The weight of passengers' baggages stored in the baggage room, if
any, is calculated separately. For a sightseceing boat cruising in smooth
water area or a ship without a crew's room, the weight of a person is to
be 60 kg including effects.

X
{(2) Goods in stores ) ‘J
Actual weight, if measured, is applied. For guidance, total weight (t) of
. goods in stores of hull, machinery and electric parts excluding spare pro-’
peller and spare propeller shaft is approximately,
0.2 - 0.3% of ship's gross tonnage (GT),
or 0.25 - 0.5% of main engine horse power
or Lpp'/1000
(3) Water and oil of machinery part
Water and oil which are included in the deadwelight such as auxiliary boiler
water, sea and fresh water, fuel oil and lubricating oil etc. in miscellane-
ous tanks, auxiliary machinery and pipings in engine room, and also fuel
0il for engines for emergency use and lubricating oil for deck machinery
are treated as water and oil of machinery part.
(4) Provisions
Daily consumption rate per peyxson is assumed 2.5 kg for a Japancse ship
and 4.5 kg for other ship. Normally provisions of large ship are treated
as constants in trim calculation. ° l]

{SY Drinking water and fresh water for general use

Daily consumption rate stipulated in governmental rules is shown in Table
3. The consumption rate depends on navigation route and period and season,
the average daily consumption rate per person of fresh water is approxi-
mately,

for crew .....ccevennann 300 - 500 kg {(Standard 350 kg)
PASSENEers .....s. .. 100 —- 300 kg

Table 3 Daily Consumption Rate of Fresh Water
per Mariner Required by Rules (kg) -

_ Japanese , .
Mariner's Law U.K. DOT . U.S. Sanitary Rule
Drinking water 20 4.5 (1 gal) 30,3 ( 8 U.S. gal)
General-use water 45.5 (10 gal) . 83.3 (22 v.S. gal)
Total ‘ 50 (11 gal) 113.6 (30 U.S. gal)

I1L - 8



(6) Water and oil in hull tanks

Each tank should be fully loaded or empty as much as possible. Number of
tanks partially loaded should be minimlzed. Specific weight or volume are
as per Table 4. )

Table 4 Specific Weight and Volume of Water and 0il

Fresh | . ; . Lubréicating
 _water Sea water| Diesel o0il | Bunker 911 ‘ oil
Egggﬁict/m' 1-0 1-025 0-88~0-90 | 0-90~0-98 | 0-90~0-93
{standard value) - (0-90) {0-935) (0-92)
Specific, /g ) .
_volume ft /l_.'l 36 35 (40) (38 5? (39)

(7) Cargos (10.12 Table 111 & 112 to be referred to)

In principle, a homogeneous cargo is fully loaded in a cargo hold. For a
special cargo, a certain stowage factor is used. Cargos in a strong room
Or superstructure are treated same as cargos in cargo holds. For a

liner or single-purposed ship, special loading conditions for each actual
navigation route are frequently used for trim calculation. Loading of bulk
cargos should be in accordance with rules and regulations such as Grain

" Loading Regulation (see 10.12.2). As for on-deck loading of timbers, 2.9,2
and 4.5.2 are to be referred to. :

(8) Temporary structures '
Dunnage, temporary partition walls for grain loading, temporary pillars for
timber leading, lashing ete. .

{(9) Ballast ‘

In case of no-carge navigation, a ship is ballasted for easy navigation to
an extent of 1/5 - 1/2 total deadweight and trimmed by stern about 2 - 2.5%
of ship's length., At arrival condition with full loading, the ship may be
ballasted to get proper trim and stability condition for the port {ex. in
case of on deck loading of lumber) but ballast water should not be loaded
in the empty tanks for fresh water or fuel oil.

11T - ¢



1.3.3. Calculation Method (Table 5)

Table 5 Calculation Table of Weight, Center of Gravity and Trim

Full Full loadiFull load No load
Condi tion Lii:;_ load arrival, [arrival, N: loaf arrival,
Y depar~ |80% con- [100% con-| S°P2T71100% con-
Item tion ture
ture sumption |sumption sumption
Light weight (t) 5240 5240 5240
¢ | Crew, passenger 0 10 10 {See 1.3.2.(1), Table 2
g | and their effects - :
& | Goods in stores 0 32 32 " (2)
5| Water & oil of 0 88 88 " (3)
© | machinery part
Provisions 0 15 3 " (4)
2| Fresh water for 0 240 48 " (5), (6), Table 38&4
2 drinking & general .
g | use .
2 Fresh water for 0 45 9 See 1.3.2.(6), Table 4
3 beilers .
Fuel oil 0 1540 308 " (6), Table 4
3 | General cargo 0| 8540 | 8540 " (7), Table 1115112
L0l 8ilk 0 50 50 " (7)
3 Refrigerated cargo 0 250 250 See Chapter V, 18.4.4,
-Egmporary structures 0 10 10 See 1.3.2.(8)
Ballast 0 0 50 " (o), Table &4, (9)
Total deadweight (t) 0 | 10820 9398
Displacement (t) 5240 16060 .| 14638
Corresponding (m) 3.15 8.36 | To be found out on the chart of
draft hydro-static curves
TKM (m) 10.50 8.05 ~ do -
K G () 8.13 6.99 | To be obtained by calculation of
) : weight and center of gravity
TGM . (m) 2.37 1.06,| TKM-KG .
G Go (m) 0 0.06 | Effect of free liquid surface
(See 1.3.5 and 4.1.2)
T Go M {m) 2.37 1.00 | TGM-GG, :
LKM {(m) 335.5 172.2 To be found out on the chart of
hydro-static curves
LGHM (m) 327.37 | 165.21 j LKM-KG
1 VI ¢ {(m) -0.16 0.56 | To be found out on the \.
chart of hydro-static
curves -~: Forward
TG (m) 2.41 0.98 | To be obtained by calcu- from o)
lation of weight and )
: center of gravity
HBG (m) 2.57 1 0.42 |03G--MB +: Aftward
RCUN {m) -0.13 2.73 | To be found out on the from 7
chart of hydro-static
curves : ‘
Trim (aft) {(m) 1.10 0.36 | See 1.1.2
Fore draft (m) 2.60 8.17 "
Aft drafe (m) 3.70 8.53 "
Mcan draft (m) 3.15 8.35 | 1/2 (Fore draft + Aft draft)
TP C () 18.98 19.63 | To be found out on the chart of
hydro-static curves
MTC (t-m) |122.53 |189.52 | (AxLGM)/(100L)

IIT - 10



1.3.4. "Coustauts” customarily used by. crew.
Weight to be treated as “constants™, though slightly different depending on
crew's custom, 1s remalning weight after reducing the weight of fuel oil,
drinking water, fresh water for general use, fresh water for boiler, spare
lubricating oil, cargocs, temporary structures, ete. from the deadweight.
Namely, "constants” weight just after building of a ship is equivalent to
the total weight of crew and their effects, provisions, store goods, water
of hull part, water and o0il of machinery part and bilge water,

1.3.5. ﬁffect bf free liquid surface (Table 6)

It is notable that requirement on calculation of the effect of free liquid
surface is different in each country,

Table 6 Requirement on Effect of Free Liquid Surface

Full loading Half loadinge

Water tank (100%) | to be neglected.

0il tank ( 96%) | double bottom .., to be neglected to be calculated
deep tank ...... to be calculated

Bilge water to be calculated only in case of large quantity
of liquid moving widely over the floor

1.4, Launching Calculation
1.4.1, Launching particulars

(1) Launching weight and center of gravity
Launching weight is total weight of the ship and cradle. The launching

. weight and center of gravity are decided in consideration of weight loaded
aboard when launching.

(2) Slope of the keel and height of the ship

Slope of the keel is selected between 28/1000 - 52/1000 depending on various
factors.” For a small ship with launching weight below 1,000t, larger slope
is usually adopted. In general, smaller slope is adopted for a larger ship.
Height of the keel above the ground should be as low as possible but enough
for comfortable working underneath the ship or for construction of the
launching slip. :

(3) Ground ways

Slope of the ground ways is usually 28/1000 - 55/1000, larger than that of
the keel by about 0 - 15/1000 in general. For a small ship with launching
weight below 1,000 t, larger slope is adopted. Generally, smaller declivi-
ties ‘are used for larger ships. Length of the ground ways is 105 - 125% of
the ship's length, and the rate of camber, if applied, may be 150 - 500 mm
per 100 m length of the ground ways.

(4) Sliding ways .

Length of the sliding ways is 77 -~ 90% of the ship's length depending on (,

of the ship (shorter length is applied to a ship with smaller C,). Width of

the sliding ways should be so determined as the mecan pressure on the launch-
ing lubricant does not exceed the allowable limit (Table 7). The spread of

the ways (distance between the center of the both ways) is usually 27 - 34%

of the ship's beam. :
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(5) Mcan bearing pressure

The mean bearing pressure defined by "Launching weight/(S1liding ways' length
x width x number)" varies to relatively much extent, and for large ships
with launching weight excceding 10,000t, 4 lanes of sliding way may be used.
Experience of the mecan bearing pressure is as per Table 7.

Table 7

32;“;‘;1“3 (t) {5001 1000| 3000 5000] 10000| 15000 | 20000 | 25000 | 30000

Mean bearing (t/m2) 9- [10.5-[13.0- [14.5~| 16.0-| 17.0- ] 17.5- | 18.0- | 18.5-
pressure 171 18.51 21.5] 24.5 30.5 31.5] 32.0 32.5 33.0

Note) 1. Ball launching : Mean load per ball = 1 - 2t (for a ball of 90 mm
in diameter)

2. Truck launching: Mean load per truck = 20t axle

(Diameter of :xle: 100 mm for fore poppet trucks
and 80 mm for other trucks)

Limit of launching weight ® 1000t

(6) Drag weights
In case the width of channel into which the ship is launched is insufficient
drag weights of 1.5 - 7% (in total) of the launching weight such as anchor

chains or concrete blocks are used. Time of releasing the drag weights should
not be before complete lift of the stern.

1.4.2. Launching calculation

(1) Drafts during launching (Fig. 11)

Ship's length -

Angle of slope of keel (rad)

Length of ground ways

Camber of pround ways

Radius of curvature of ground ways

Mean angle of declivity of ground ways (rad)

Center angle of ground ways (rad) :

Angle of declivity of ground ways at fore end (rad) £y
Height of extension of keel’s bettom surface =
above water surface at F.P. .
Travel of ship

Center angle of travel of ship (rad)
Fore draft of ship ;
Aft drafc of ship e e

tunononn

‘> WY o~ 0

x
ag

d,
da

ton

dy=--htxg— ILA {L

(1)
dyes - b ..i(_’..—._f)._,. 4+ X
di h-krx8 35 FL(a4 p)
44k, I?
vhere, #m- —874 = gg O ':;".
!

X
AD o @ ] 25

Mean angle of declivity of ground ways up to travel r

w80y ()

2p

Angle of declivity of ground ways at travel !=~ar¥€5
Angle of slope of keel at travel x—a—k-";

In casc of no camber, p-—oo
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(2) Calculation of launching curves

W = Launching weight

A = Buoyancy {or displacement)

o,= Distance from fore poppet to center of buoyancy

oy = Distance from fore poppet to center of gravity

yi= Distance from aft end of ground way to center of buoyancy

i = Distance from aft end of ground way to center of gravity
(See Fig. 12)

(a) Buoyancy A during launching
Buoyancy and the center of buoyancy
are obtained from the Bonjean Curves
based on the drafts at each travel
of the ship calculated by the mecthod
mentioned in the preceeding article

(1.

(b) Moment of launching weight
about the fore poppet = Wa, {(constant) : | b,

P,

(¢) Moment of buoyancy about the
fore poppet =:Aa,

Fig.
- (d) Maximum poppet pressure g 12

Poppet pressure becomes maximum at
the same time of lift by stern which _
occurs when Aa,=- Wua, , which equals Way

“ to §'--A oOr about 22 - 30% of
launching weight.

(See Fig. 13) < < W
~. | maximum poppet pressure
(e) Buoyancy after lift by stern )
After lift by stern the ship is a4 e,
. supported by the fore poppet only and
the aft drafc is unknown. Buoyancy

a

can be obtained by following method: :E??Q\\;
R .ﬁ’ -
(i) For each travel of the ship, - —
assume more than 3 aft drafts. g?igat L;Eérgf\\ T~ -
(ii) Calculate buoyancy and the center Fig. 13

of buoyancy for each assumed draft.

(iii) Make the buoyancy and buoyancy

moment curves as shown in Fig. 14 by

plotting the calculated buoyancy and :
moment for each draft. h

(iv) Draft and buoyancy for the .T\\\\\
[}

Wu ?

crossing point of Aa, and Wu,
show the draft and buoyancy after
lift by stern. ~
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(f) Distance of travel until ship floats
The ship floats leaving the ways when d, becomes equal to the fore draft
of free conditfon afloat, then x of formula (1) gives the distance of
travel until the condition afloat. If the water depth at the aft end of
the ground ways is less than the fore draft of free condition afloat, the
ship drops.

(g) Moment of launching weight about the after end of the ground ways
bl “’y;

(h)‘Moment of buojqncy about the after end of the ground ways = Ay,

{4) Against tipping moment= Ay, —Wy,'
If this moment is positive, tipping does not occur.

(j) Pressure distribution (Fig. 12, Fig. 15)

R = Reaction

P,= Pressure oi the fore end of sliding ways

P.= Contact pressure of the ground ways and the sliding ways at after ‘\
end of the contact surface

P.= Mean contact pressure of the ground ways and the sliding ways
b = Breadth of a sliding way '
a = Number of sliding ways )
a = Length of contact surface of ground ways and the sliding ways
: = Distance from the fere end of the sliding ways to the center of the
reaction
: point at which aft end. of
Assuming the pressure distribution linear, sliding wdys passes aft
P A end of ground ways .
p’,4,%~_imnin, . \\
a
;) 6"-2 p
am = 2P , aft end pressure of| aft end

ground wa

where, R=W—4a, R:=Wa,—4a,,
Pa= R/nbﬂ"’ (P_f"" }'u) /2

o pressure
of slid-
ing waysy

fore end pres-
surc of slid-
ing ways -, ¢

1ift by stern

The maximum value of P, 1is normally
determined below 45t/m* in con-
sidcration of strength of the ship
way and ship's hull,

(k) Initial sliding force F-—W(sinS- pcosf) Fig. 15
where, B = Angle of slope of the ground ways at the center of gravity of
the ship at its initial position
4= Static frictional coefficient between the sliding and ground
ways (Sce Table 8) :

For calculation of the trigger load, 2 should be assumcd to be less (say,
about 0.005) to assure safety.
(1) Launching veloéity and time

i) From start of sliding to float of ship
Assuming the launching velocity at two positions As.i, An with distance s
therebetween on the launching way vy, ,, Vv, , respectively.

Ty VWA e — gsAAT ) 2gs(W A (sinfopn)- 285w (2)
" W4 w-t gsdat
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where, 8=

X =

V = Launching velocity

w = Weight of moving drags
M=

ways
My =

surface (See Table B8)
At =

Water resistance coefficieant (See Fig. 16)

Angle of slope of the ground ways at the center of gravity of
the ship at position A, .,

Acceleration of gravity

Dynamic frictional coefficient between the sliding and ground

Dynamic frictional coefficient between the drags and the drag

A is estimated based on the result of actual launchings as it can be
determined by formula (2) assuming My, p+ constant,

where, ke AAY'4/W, a'= pw/1AM,
q—tan~*{V,/a) {rad)

IIT - 15

Table 8
Fat Ball Truck
U 0-02~0-03 0-02~-0-025 0:035
M 6-015~0-025 0-01~0-02 0-028
_ betﬁeén anchor
between anchor between concrete | between anchor chain or concrete
g |Chain and flat bleck and flat chain and flat block and flat
concrete bed concrete bed soil ground bed | (wet) sand on the
concrete bed
0'38-0'39’ 0-24—~0-25 0-6~0-7 0-46~0-50
. Time of travel between A..,,
and Aa’
. . . 0-07 T e S B | T
= Launching weight 5,882t
(VaitVa)/2 0:06+ S1ope of keel 43/1000
i | Declivity of 45/1000 | |
. 0-05F ground ways f
By formula (2), launching Bearing area 280m?
velocity can be obtained 0-04 No, of sliding ways 2
from the start and until Drag weight 195.6t/
the end of launching, but 0-03F 4, 0-019 #~0-48 v4 -
following simplified method X
0-02
can be applied after the ]
ship floats. 0-01 o
ii) After float of ship 0
Vo= Velocity of ship when it 100 80 O it 0 0
. leaves the ways to float. i?lpt ¢ é?mg{3§3“
'r’ = Distance of travel after a-loa into wanr
float of ship. Fig. 16 An Example of 2
"= Time after float of ship obtained by Formula (2)
Ve atan{qs—akt’), '
e logielcos(qu—akt’) /cos g4
x 0-4343F (3)



ii-1) In case of no drag
v, the corresponding velocity and distance to formula (3) are
w=~0
VJ/{Vkt'+1), I"""H.-(V.H'-i‘ | )/0-43431:

i1-2) In case all drags are draged when the ship floats
Time until the ship stops ¢’ =gq,/ak

’ s w {1/¢cosqe)}

Distance of travel until the ship stops «x -!ggﬁéféégfﬂl

For an intermediate case, the velocity and distance are obtained from
formula (3) by giving a certain time ¢’

1i-3) In case the drag is draged one after anothet

= Distance of travel from a point the ship begins to drag one drag to
the point where the next drag begins to be dragged
= Time during travel of X
v,= Launching velocity when the ship begins to drag one drag
V,= Launching velocity before the ship drags the next drag

then, cos{q—akil,)=e**cosq, (4)
where, t,~{q.—q:)/ak

putting-q,=tan~'(V./a) (rad}, q:,=q.—akl, (rad)
V,~atanq.

Same calculation is repeated for the following drags until the right side
of equation (4) exceeds 1, when the ship stops at intermediate position of
the section corresponding to tne two drags in question. Thereafter, method
of ii 2) is applied.

[ -
~

(m) GM at lift by stern (Fig. 17
GM = (GM.x A—-PGx R)}/W

_ where, GM,—KB-+BM,—KG=KB+(I/V)—KG

I = Moment of inertia of water plane about ship's center line.

‘P = Displacement in volume at lift by stern
PG= Distance from the fore poppet to the center of gravity of the ship
R-W—A (Maximum poppet pressure)

Fig. 17
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2. FREEBOARD

.

2.1. Application of International Convention on Load Lines (1966)

The present Convention shall apply to ships engaged on international voyages
and of not less than 24 meters in length (1,: refer to 2.3.1.) excluding
the following ships,

(1) ships of war .

(2) existing ships of less than 150 tons gross

(3) pleasure yachts not engaged in trade

(4) fishing vessels (factory ships and transport ships shall not be included}.

Refer to 2.12, for freeboard of ships engaged on coastal voyages.

2.2. Load Line Mark and Lines

in case of : ,
wooden declk in case of

round gunwales "‘strj_n.
) ger plate
freCboard _ thickness
. top line of freeboard deck deck ) N
btandard Tength s e
300-— lm in ordinary case)
e S itop_llne_.of_freeboard deck } S
. stern -7 (in ships with rounded gun-~ |.
tinber load line —_—F Qlﬁ‘i wales, the top line of % 4 o -
mark and lines freeboard dec may be shown o = 8
- LTF ~~ downwards with modification]. ol &l 2
Li/2 . L2 correspond to its length.) o 2 v
LF . ' : : Qi
LT load line mark o] W w
S, load line mark  and lines S oul &
LS unit: mm TF :o’ El o
~ LI y— g E o
L
Lw o
Y
. K %
LWNA j &
¥
o
1Y
:
I g
n
ake
keel A Strats ——x] top line of keel
t'l",l"'-.‘-rf" xS P iy wr—Ar
S Summer Load Line TF Tropical Fresh Water Load Line
W Winter Load Line LS Summer Timber Load Line
WNA Winter North Atlantic Load Line LW Winter Timber Load Line
T Tropical Load Line LWNA Winter North Atlantic Timber
F Fresh Water Load Line , Load Line

LT Tropical Timber Load Line
LF  Fresh Water Tinber Load Line in Summer.
LTF Fresh Water Timber Load Line in the Tropical Zone
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(1) Load line mark and lines to be used (Fig.18).

(2) The Winter North Atlantic Frecboard shall apply to ships of not more
than 100 meters in length ( [,) which enter any part of the North Atlantic.

(3) Load line marks and lines may be partially omitted to ships with limits
of navigational routes or seasonal periods.

(4) Load line marks shall be marked at the position of },/4 from the stem
to ships with initial trim as well.

(5) Subdivision load line are shown with C,, G-+ according to each condi-
tion. (refer to Japanese MOT Ordinance No. 97, 1952)

2.3. Definitions of Terms and Units for Freeboard Calculations

2.3.1. Definitions of Terms {Regulatiocns 3)
Note) Regulations means LLC 1966 hereinafter,

(1) Length (L,)
In the following (a), (b), the greater length shall be applied.

(a) 96 per cent of the total length on a waterline at 85 per cent of the
least moulded depth measured from the top of the keel,

(b) The length from the fore side of the stem to the axis of the rudder
stock on that waterline,

(2) Moulded depth (D.)

The moulded depth is the vertical distance measured from the top of the
keel to the top of the freeboard deck beam at side. In ships having round
gunwales, the moulded depth shall be measured to the poiant of intersection
of the moulded lines of the deck and side shell plating, the lines extend-
. ing as though the gunwale were of angular design.

(3) Depth for freeboard (D,)
The depth fo; freeboard-(D,) is the moulded depth amidship of L, plus the
thickness of the frecboard deck stringer plate. (Table 9)

Table 9 Standards of Freeboard Deck
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I1f the exposed frecboard deck is sheathed, the following figures shall be
added,

(a) In case of being completely sheathed T(L,—Si/I,
(b) In case of being partially sheathed (Tx{)/L,

where, T'= Mean thickness of the exposed sheathing clear of deck
openings (mm)
§$= Total length of superstructures (m)
I = Total length of freeboard deck sheathed from side to side of
the ship (m) '

The depth for freeboard (D,) in a ship having a rounded gunwale with a
radius greater than 4 per cent of the breadth or having topsides of unusual

. form is the depth for freeboard of a ship having a midship section with

vertical topsides and with the same round of beam and area of topside sec-
tion equal to that provided by the actual midship section,
(4) Freeboard deck

(a) The freeboard deck is normally the uppermost complete deck.

(b) In a ship having a discontinuocus freeboard deck, the lowest line of
the exposed deck and the continuation of that line parallel to the upper
part of the deck is taken as the freeboard deck.

.(c)} At the option of the owner and subject to the approval of the

~ Administration, a lower deck may be designated as the freeboard deck.

(d) In a ship with a very large frecboard and subject to the appfoval
of the Administration, a virtual deck may be designated as the freeboard
deck.

2.3.2. Units and S1gnif1cant Figures for Calculations (NK)

(1) The length and breadth such as those of a ship and the superstructures

" . are shown in meter down to the second decimal place.

(2) The depth such as moulded depth, height of superstructures, sheathing

"thickness and sheer height are shown in meter down to the third decimal

place.

{3) The figures such as C,, EVL,; L,71s are shown down to the third
decimal place.

(4) The percentage is shown down to the first decimal place.

{5) The figures directly related to the freeboard by addition and subtrac-
tion are shown in millimeter and in integer.

The figures mentioned above. are rounded to the lowest decimal places.

2.4. Determination of Freeboard

2.4.1. Sunmer Freeboard
The summcr frecboard shall be taken as form draft (refer to 2.6), draft
correspouding to the condition aftcr flooding in the flooding calculatlons
(refer to 2.7) or draft corresponding to the minimum bow height (refer ‘to

2.8), whichever is the greatest.
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2.4.2, Winter, Tropical, Winter North Atlantic and Fresh Water Frecboard
(Table 10) (Regulations 40, 45)

Table 10 Determination of Frecboard in Various Conditions

1
—;;::;;;:;‘““‘““—h-é__ﬁfif_ﬁ‘_*g Typical Freeboard Timber Frecboard
Summer Frecboard (fs) fs Jos
Winter Freeboard () fs+ A1 a4, fis +—l—d“
48 36
Tropical Freeboard (f:) Sfo— %Bld" ju—%d"
Winter North Atlantic Freeboard : L so +
(L, €100 m) 2 S Ju+50

: — - Foo—
Summer Fresh Water Freeboard s T Jes AT
Tropical Fresh Water Freeboard jtm-i%: ju-?%: .)

Note) 1. di ; Molded summer draft (mm)
2, du; Molded summer timber draft {mm)
3. 4 ; Displacement in salt water in tons at the summer load
waterline :
4. T ; Tons per centimeter in the same condition
5. If 4 and T are not clear, 4,/48 may be applied instead of A/(4T) .

72.4.3. Others

(1) In case that the planned draft is smaller than the maximum draft defined
by International Convention on Load Line, the assigned draft may be allowed

subject to the ship owner's requiremeat. In this case, the relaxations

from Regulations 10 to 26 may be granted on condition that the Administra- .

tion is satisfied with the safety conditions provided. {Regulation 2)

(2) The freeboard in salt water shall not be less than 50 millimeters. For

ships having hatchways without pontoon or weathertight covers made of mild

stecl or other equivalent material on freeboard decks, raised quarter decks ;’
or exposed superstructure decks situated forward of a point located a

quarter of the ship's length from the forward perpendicular, the freeboard

shall be not less than 150 millimctcrs. (Regulation 40)

(3) Ships whose features are such as to render the application of the provi-
sions of Regulations unreasonable or impracticable, shall be assigned free-
boards as determined by the Administration, (Regulation 2)

2.5. Types of Ships

2.5.1. Type 'A' Ships .
A type 'A' ship is one which is designed to carry only liquid cargoes in
bulk, and in which cargo tanks have only small access openings closed by
watertight gasketed covers of steel or equivalent material. Such a ship
necessarily has the following inherent features (Regulation 26 & 27).
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(1) Machinery casings shall be protected by an encloscd poop or bridge of
at least standard height, or by a deckhouse of equal height and equivalent
strength, provided that machinery casingsd may be exposed if double doors
are provided at the entrances.

(2) An efficiently constructed fore and aft permanent gangway of sufficient
strength shall be fitted at the level of the superstructure deck between
the poop and the midship bridge or deckhouse where fitted, or equivalent
means of access shall be provided to carry out the purpose of the gangway,
such as passages below deck. Elsewhere, arrangements to the satisfaction
of- the Administration shall be provided to safeguard the crew in reaching
all parts used in the necessary work of -the ship.

(3) Exposed hatchways on the freeboard and forecastle decks or on the tops
of expansion trunks shall be provided with efficient watertight covers of
steel or other equivalent material.

(4) Type 'A' ships with bulwarks shall have open rails fitted for at least
half the length of the exposed parts of the weather deck or other effective
freeing arrangements. Where superstructures are connected by trunks, open
rails shall be fitted for the whole length of the exposed parts of the free-
board deck.

- (5) The upper edge of the sheer strake shall be kept as low as practicable,

2.5.2. Type 'B' Ships
All ships which do not come within the provisions regarding type A ships
shall be considered as type 'B' ships. :

2.6. Calculation of Form Freeboard
Form freeboard

- f'= tabular freeboard f, (including correction of block cocfficient)
(2.6.1)
- correction amount for superstructure &f» (2.6.2)
_ + correction amount by depth length ratio &fs (2.6.3)
+ correction amount for position of deck line g7, (2.6.4)
+ correction amount for sheer sf, (2.6.5)

2.6.1. Correction for Tabular Freeboard and Block Coefficient

(1) Tabular freeboard f, (Table 11, 12)
Tabular freeboard shall comply with Table 13.

In type 'B' Ships, the following conditions shall be followed according to
divisions in Table 13.
In case of ® (¥
(a) the measures provided for the protection of the crew are adequate.
(b) the freeing arrangements are adequate.
(c) the covers on freeboard and superstructure decks are weathertlght
ones of mild stecl or other equivalent material and have adequate streangth.
Special care shall be given to their sealing and securing arrangements.

In case of ® ®
(a), (b) and (c) mentioned above and inherent features of Type 'A' ships
{(excluding item (3)) shall be applied.
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Table 11 Freeboard Table for Type 'A' Ships
Unit: L,(m), fo(mm)
Lel fo | Lyl fo |Lsy fo | Lyl fo (L) So L!t S IL; Jo LI' So | Le| fo
46 | 306 | 86 o26| 126| 1563 166) 2212 206! 2669 245 2986 | 286 32021 326 3347
47| 408 | 87 940| 127 1580 167{ 2226 | 207 2678| 247 2993| 287| 3207| 327 3350
48| 420 | 88! 955|128 1598 168] 2240 208 2687{ 248 3000} 288| 3211} 328! 3353
49 | 432 | 89l 969|129 1615 169| 2254 } 209] 2696] 242f 3006 | 289 3215| 329' 3355
50 | 443 | 90{ 984| 130| 1632{ 170{ 2268 210{ 2705] 25| 3012| 290{ 3 220| 330| 3358
s1| 4s5] o1] 999 131] 1650} 171 2281] 213] 2714 251) 3018] 201] 3224 331] 3361
52 | 467 | 92 1014|132/ 16671 172| 2294 212 2723} 252| 3024 292! 3228 ] 332 3363
53| 478 | 93,1029/ 133 1684} 173] 2307 213 2732| 253 3030} 293/ 3233/ 333 3366
54 | 490 | 94/ 1044 134] 1702] 174] 2320 214| 2741 254' 3036 | 292] 3237] 334] 3363
55| 503 | 95/ 1059] 135{ 1719| 175] 2332 215! 2749 255! 3042! 295, 32411 335 3371
56| 516 | 96/ 1074) 136; 1736 | 176] 23451 216! 2758 256] 3048| 296} 3 246 336] 3373
57 | 530 | 97/ 1089|137/ 1753} 177] 2357 217| 2767] 257 3054 297! 3250 3371 3375
58 | 544 | 98 1105] 138l 1770 178; 2369 ] 218 2775| 258 3060| 298' 3254 | 338! 3378
59 | 559 | 99/ 1120{ 139] 1787/ 179| 2381 | 219 2784/ 259' 3066 ' 299j 3258| 339 3380
60 | 573 | 100 1135( 140{ 1 803 | 180| 2 393 | 220 2 792 26033072[300,3252 340[ 3382
61 | 587 | 101] 1151| 141] 1820| 181 2 405| 221} 2801] 261! 3078) 301! 32661 341] 3385
62 | 600 | 102| 1166| 142] 1837| 182! 2416 | 222/ 2809 262 3084] 3021 3270 | 342 3387
63 | 613|103 1181} 143 1853| 183] 2428| 223/ 2817{ 263 3089 303’ 3274; 343, 3389
24 ( 200 | 64 | 626 | 104] 1196] 144] 1870 | 184} 2440 224! 2825 264' 3095 304’ 3278' 3441 3392
25| 208 | 651 639 | 105! 1212] 145 1886 185} 2451 | 225/ 2833 | 265 31011 305 3 281 '345 3394
26 | 217 |66 | 653|106 1228 146 1903 ! 186 2463 ] 226{ 28411 266' 3106 ' 305{ 3 285 | 345 3 396
27| 2251671 666 137 1244 147'_1 919| 187| 247¢| 227] 28491 267 3112 307| 3288] 347 3399
28 | 233 |68 | 680|108 1260 148 1935| 188| 2486 | 228, 2857 268' 3117: 308 3 292 348] 3401
26| 242 |69 | 693109 1276] 149] 1952 189] 2 497 229) 2865 | 269 3123 309| 3295/ 349 3403
30| 250|701 706 {110 1293 xsol 1968 | 190| 2508 230, 2872| 270; 3128 310| 3 298 3501 3406
31| 258 |71 { 720 | 111]-1309} 151} 1984} 191 2519| 231] 2820 2710 3133} 313| 3302 351] 3408
32 | 267 |72} 733|112 1326|152 23533 192] 25301 232} 2888| 272 31381 312, 3365 352 3410
33| 275 | 73| 746 | 113 1342] 153 2016 193| 2541 233 2835/ 273' 3143 313, 33CB: 353 3412
34| 283 |74 760 | 1141 1350 154! 2032 194 2552| 234| 2903] 274! 3 148! 314! 3312; 354 3414
35| 292)75{ 773 ns|1375 155, 2548 195; 2562 235 2910 275 3153 315! 3315. 355 3416
36 | 300 | 76 | 786 | 116 1392| 156! 2564 | 196] 2572| 236 2918 276! 3158 316! 3318 356| 3418
37 | 308 | 77| 8GO | 117: 1409|157 238G | 197| 2582 237 2925| 277] 3163 | 317| 3322, 357 3420
38 | 316|781 814 | 118 1426| i58 2396 198] 2592 238 2032| 278’ 3167] 318! 3325 ! 258 3422
39 | 32579 828 | 119 1442|159 2111 199] 2602 | 239 2039 ! 279! 3172 319] 3328, 359 3423
40 | 334 80| 841 | 120] 1459 160] 2 126 | 200] 2612 240 2945{ zao} 3176; 320; 3331, 366| 3425
a1l 344 |8 | 855121l 1476] 161 2101] 201] 2622) 241 2953 281]3131 321, 3334 361 3427
42 1 354 | 82| 869|122 1494 162| 2155) 202| 2632 242| 2959 282 3185] 322! 33371 362| 3428
43| 364 | 83| RB83 | 123 1511 163 2169 203| 2641 243] 2966 | 283" 3189! 323' 3339] 363l 3430
441 374 | 841 897 | 124 1528 164) 2184 204| 2650 | 244) 2973 | 284 3194 | 324' 3342| 364] 3432
45 385|851 911 125t1546 165| 21981 265| 2659 | 245| 2979 285{3198 325) 3345/ 365! 3433
Note) Freeboards at intermediate lengths Zs shall be obtained by linear

interpolation.
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Table 12 Freeboard Table for Type 'B' Ships

Unic: L/{m), fq(mm)

AT Lrl /s

46 | 396 | 86| 996| 126 1 B15{ 166} 2 640| 206| 3 363 2-16I 3965 | 286] 4 467 ! 3?b 4 909
471 4081 87 1015 127‘ 1837} 167| 2660 207| 3380 | 247 3978| 287| 4 478 327) 4 920
48 | 420 | 88| 1034 128, 1859] 168 2680 208; 3397 24B| 3992| 288) 4490 328; 4 931
49} 4321 89 1054] 129 1880| 169 2698 209| 3413 | 249 4005 289] 4502} 329! 4943
50 | 443 90| 1075 130' 1901 170 2716) 210} 3 430 2501 4018} 290} 4513 330| 4955

PN = L LT

Lll S Lll Se ' LII /a

r-
\‘
‘:'
t"
~
by

st | ass| 91] 1096 134l 1921] 171] 2735 211 3445} 251l 4032| 201} 4525} 331) 4065
52| 467 | 92/ 1116|132 1940 172 2754 212! 3460 2525 4045] 202 4537| 3321 4975
53| 478 | 931 11351133 1950} 173 2774} 213| 3475 253 458! 203| 4 548} 222! (og5.

-t

s4| 490 94 1154 134! 1979, 174| 2785} 214, 3490 254 4072 294 45621 334! 4 995
55| 503 95 1172) 135 2000( 175 2815 215{ 3 535 255 4085| 295| 4 572| 335| 5005
56 | 516§ 96: 1190 136; 2021 176! 28351 216] 3520 256‘ 098 | 296, 4583} 338! 5015
57| 530 97' 1209 137 2043 177 2855 217| 3537 25?i 4112 297) 4595 337 5025
58 1 544 98‘ 12291 138 2065| 178! 2875 218| 3554 | 258, 4125} 298| 4 637 338 5035
59} $59 | 99 1250 139I 2087| 179 2895} 219{ 3573| 259 4139 299, 4618] 339 5045

60§ 573 | 100’ 1271 140‘ 2109] 180 2915] 225| 3585 260| 4 152 33.-0% £ 633| 340f 5055

61 | 587 m1]1293 141] 2130 181) 2 933) 221 3601 261! 4165} 301] 4 642| 341| 5065
62 | 6311102 1315] 142} 2151 182 2952 | 222| 3615| 262 4177| 332; 4 654{ 342 5075
63| 615 | 1031 1337| 143 2171 183) 2970| 223| 363)| 263 4189 | 333 4665} 3¢3, 5086
24| 200 | 64| 629 104 1359| 143" 21001 184 2 988| 224| 3645] 264! 4201 | 334] 4676 | 344 5097
25| 2081 65| 644 | 105' 1380 145} 2209 185 3007 225! 366) | 265 4214 | 335] 46861 345! 5108
26| 217 {66 | 659 | 136 1451 146) 2229| 186, 3025] 226] 3675| 266, 4 227| 336 4695] 346] 5119
27| 225 |67 | 6741137 1421| 147 2253 | 187 3044 227| 3693 | 267 4243 | 337} 4724 3471 5130
28 1 233 | 68| 689 ) 128 1443) 148, 2271, 188’ 3062 278] 37)5; 268 4252| 338, 4714 | 348] 5140
20 | 242 ;69| 735 | 109 1459 149 2293| 189 308)| 229] 3723 | 269 4264} 339! 4 725| 349 515
30| 259 | 70| 721 | 119 1479 18] 2315, 195| 3098 233[ 3735 275 ‘2751 310} 47361 353 5160

31| 258 {7 | 738|111 1500] 151] 2334 191] 3116 23] 3750} 2711 4 280] a1l 4 74| 352! 5170
32| 267 72| 754|112 1's21 | 152! 235¢| 192, 3134 232| 3765 | 272 4332 3124757 352} 5180
33| 275 |73 | 769 | 113) 1543 153 2375 193; 3151 233; 378D 273 4315] 313} £768| 353 5190
34| 283 | 74| 784114 1565| 154 2396 | 194 3167| 23¢| 3795| 274 4327| 314 €779 | 354] 5232
35| 292 | 75| 835 | 115 1587|155 2418( 195 3185| 235| 3838 275 4339| 315| 4793 | 355, 5210
36 | 30|76 816 | 116' 1659 156' 2443 | 196) 3202( 236| 3821 | 276 4357| 316! ¢ 851 | 356 522
37| 308 |27 833|117, 1630( 157 2463|197, 3219 237] 38351 277, 4362 317| £ 812] 357} 523>
38, 316 | 78| 85| 118 1651| 158/ 2480| 198' 3235 238) 3849 278  £373| 318 4823 358! 529
39 | 325| 79 868|119/ 1671|159 2560| 199 3249 239| 3864 279 4385| 319 483¢ | 358 5259
40 | 338 | 887|123 169 163! 2520 2\:33 326A] 2¢3| 3680 283, 4397 | 323 4824 | 363 5260

| ' ! '
a1) 3espe1l oos 121 17097 161" 2500 201! 3280 241] 3893] 281! 4 408 321] €825 ] 361] 5268

44
42 1 354 | 82 | 923 1122 1728 162 25601 252| 3296 242I 3906 282, £ 220 322‘ 4 866 362; 52176
43 | 364, 83 ! 942 123 17501 163 2580 203_ 3313 243’ 392) 283: 4432 323, £878| 363 5285
£4 374 960 124 1 771| lb? 26u0l 204! 3 330} 244' 3934 284, 4443% 324! 4890 | 364 5294

45| 385 85| 978 1251 1793|165, 2620 | 265 3347 | 245 3949 | 285] 4455 325| 4 899 365{ 5 303

Note) Freecboards at intermediate lengths I, shall be obtained by linear
interpolation.

IIX --23



Table 13 Application of Tabular Frecboard and
Conditions of Flooding Calculation

Type of No Ship Length & Flooding Condition Tabular
Ships : Type of Hatch Cover Flooding Perme- Freeboard
Compartment ability
® 24m < L, S150m A
Anyone of A
1ype 'a7| @ 150m 5 L, 5225m empty 0.95 A
ships compartments
Machinery
- space in 0.85
(:) L,>225m addition to A
the above 2,
Ships having
pontoon covers
or steel hatch 0
(:) covers with B
gaskets and
clamping
devices
(:) One cargo 0 95 B-0.6x
compartment ' (B-4)
Ships having
Type 'B' steel hatch Any two adja-
ships * covers with 100m< L, cent fore and
(:) gaskets and S225m aft compart~ 0.95 A
| clamping " | ments exclud- ’
devices ing machinecry
- space
(:) (:) plus the BEg;g?
L ,>225m | machinery 0.85
space A ‘,’
Ships having
*| in position
(:) 1 wooden (8)
hatch covers
* (B) = B+4f, ( &fn is referred to Table 14. Ships above 200 meters in

length shall

Position 1:

be dealt with by the Administrations.)

Upon exposed freeboard and raised quarter decks, and upon

exposed superstructurce decks situated forward of a point
located a quarter of the ship's length from the forward

perpendicular,
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(2) Correction for small ships (only for Type 'B’ ships)

The tabular freeboard for a ship between 24 meters and 100 meters in length
having enclosed superstructures with aun effective length of up to 35 per
cent of the length of the ship [, shall be increased by;

7-5(100— L,) (0-35-- E/L,) (mm),
E = effective length of superstructure in meters (Regulation 35)

(3) Correction for ships having wooden hatch covers (Regulation 27)

A ship which, upon exposed freeboard and raised quarter decks, and upon
exposed superstructure decks situated forward of a point located a quarter
of the ship's length from the forward perpendicular, have hatchways fitted
with wooden hatch covers (Regulation 15) shall be assigned freeboards in-
creased by the values given in Table 14.

(4) Correction for block coefficient C, (Rcgulation 30)

j,—j:xg—'l+:6'68 Ca>6-68

Jomtt Cux0-68

where, Com~ V/{L, Blf/). . .
d,= 85 per cent of the minimum freeboard depth
¢ = Net volume of the molded displacement at draft d,

Tabular freeboard is obtained by (1) and the correction (4) is done for fs
with the correction of (2) and (3).

Table 14 Freeboard Increase for a Ship
. with Wooden Hatch Cover

Unit: Ly(m), &f+(mm)

Ly (8fa|Lsofsl Ly|3fa] Lsjofs LASFs| LAS s | Ls8fs]Ls|8Ss LAdfs1 Lyjofs

111 57 li21] 870131} 131)141} 186|151 232{161] 267{171| 292{181| 315 191} 339
112| 59 |122] 91|132| 1361142} 191{152| 236/162] 270;172{ 294|182 318 192f 341
113| 62 123 95[133}] 142{143| 196(153| 240{163{ 273|173 297{183} 320; 193] 343
114] 64 [124] o9l124| 147(144| 201|154} 244164} 275[174] 299(184) 322| 194} 346
115] 63 |[125] 103)135| 153145| 206{155] 247{165| 278{175] 301|185| 325 195| 348
116] 70 [126] 108{136] 159(146] 210[156] 251/166] 280{176] 304/186| 327| 196; 350
117 73 h27| 112137] 164|147] 215|157 254[167| 283[177| 306187} 326] 197| 353
<108| 50 [118] 76 {128} 116138} 170{148| 219158 258|168| 285(178 3086{188; 332{ 198} 355
109 | 52 [119] 80 {129] 1217139] 175}149| 224[159] 261}169| 287{179 311]189} 334} 199 357
110 | 55 j120| 84 {130] 126/140| 1B1|150] 228{160] 264[170] 250[180} 313]190} 336} 200 358

Note) Frecboards at intermediate:_engthﬁ Lr of ship shall be obtained
by linear interpolation.

2.6.2. Correction for Superstructure

-

(1) Definitions of terms used for superstructure »

(a) Superstructure .
A superstructure is a decked structure on the Freeboatrd deck, extending
- from side to side of the ship or with the side plating not being inboard
of the shell plating more than 0.04B. A raised quarter-deck is regarded
as a superstructure. An enclosed superstructure is a superstructure with;

1) enclosing bulkhcads of efficient construction.

§1) access oﬁcnings, if any, in these bulkheads fitted with doors comply-
ing with the requirements of Regulation 12.
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iii) all other openings in sides or ends of the superstructurc fitted with
efficicnt weathertight means of closing.

iv) access to reach machinery and other working spaces inside a bridge and
poop in addition to access openings in end bulkheads.‘

(b) Height of superstructure h (Fig. 19) (chulation 3)
The height of a superstructure is the least vertical height measured at
side from the top of the superstructure deck beams to the top of the free-
board deck beams.

(¢) Standard heighﬁ_of superstructure (Table 15) (Regulation 33)

Table 15 Standard Height of Superstructure

Cogu?f ﬁgperstru
eam
Do —— Raised All other
quarter superstructures
deck and trunk
top of freeboard \l\ L,s 30m 0.90 m 1.80 m
deck beam

p— L= 75m 1.20 m . 1.80 m
; L, 2125m 1.80 m 2.30 m

+

/) Note) The standard height at intermediate
lengths of the ship shall be obtained
Fig. 19 . by linear interpolation.
(d) Length of superstructure & (Regulation 34) ~

The length of a superstructure shall be the mean length of the parts of the
superstructure which lie within the length (/I.,). Where the end bulkhecad of
an encloscd .superstructure have concavo-convex forms, the cormections shall .
be made. (Table 16)

e amiem

va
t
..

' 2
b > b ; s-1+ll[1~~—:1;- i—)] S- 1+l

s..,“.ﬁﬁll - bt where, laac™

b where,l.m,——b*-

Note) The & shall be set in not less than 0.04B and b, >0-31

{e) Effective length of superstructure E

E= Length of superstructure (including correction for concavo-
convex parts) x b/B, {(in superstructurc with set-in part)
x Height of superstructure/standard height of superstructure
(only for the ratio not more than 1)
where, B, = Breadth of the ship at ‘the middle of the length of the super-
structure
b = Breadth of the superstructure at the middle of its length

IIT - 26




The effective length of a raised quarter deck, if fitted with an intact
front bulkhead, shall be its length {up to a maximum of 0-61, ). Where
the bulkhead is not intact, the raised quarter deck shall be treated as a
poop of less than standard height. Superstructures which are not enclosed
‘shall have no effective length. - o

(f) Trunks
1) A trunk or similar structure which does not extend -to. the sides of
the ship shall be regarded as efficient on the following conditions:

1. Breadth of the trunk &0-68
2, Length of the trunk 20-6/, o
-3, Regulation 36 (1){a) - (f) : ‘ o -

1i) The full length of ‘an efficient trunk reduced in the ratio of its
mean breadth to B shall be its effective length.

1ii) The standard height of a trunk is the standard helght of a supersituc-
ture other than a raised quarter deck.

iv) Where the height of a truank is less than*the standard;height, its ef-
fective length shall be reduced in the ratio of:*the actual to the standard
height. Where the height of hatchway toamings on the trunk: deck is less
than the standard height, a reduction from the “#dctual height of trunk shall
be made which corresponds to the difference between the actmal and the
required height of coaming. _ e -

(2) Deduction for superstructures (Regulation 37)
Correction amount &/, = basic correction amount=(Tah1y 17)
x deduction coefficient: (Table 18)

Tahle 19 shall he applied for "B" type ship, Long poop combined with
bridge shall be treated as poop in stecad of brldgc (NK)- ¢

- B T

Table 17 Basic Correction Amount

Unit: mm

L,"'24m L,"85m L,lezm
350 860 1070

Note) The values at intermediate lengths (L,) shall be
obtained by linear interpolation.

Table 18 Superstructure’tocfficient o

Type of Type of R, = Total effective length of superstructure/L
ship |superstructure jplo.1 | 0.2 /0.3 0.4 [0.5]0.6 o.7/0.8 lo.9 li.o

¥ T . " e S
Type "ATALL types of  1glg 07 1g.1400.21] 0.310.41]0.52{0.63|0.753l0.877|1.0
ship superstructure ‘ -

Ships with

Type Torbcastie 274 19]0.05 |0.10 0.1510.23500.32{0. 46[0. 63]0.753[0.877{1.0

'y tached bridge

ship Ships with ‘
11 forecastle and.|{0]0.063{0.127/0.19i0.275/0.36/0.46{0.63;0.753.0.877{1.0
detached bridge : ] l I

Note) Supcrstructure coefficient at intermediate lengths of superstructures
shall be obtained by linear interpolation. :
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Table 19 Superstructure Cocfficient of Type 'B' Ship

Length of superstructures and bridgés Supcrstructure coefficient
I>0-4L, I
b=0
. ' [ —T)xb
S 4 Li>f20-071, 0<74<<0-2 L, I +—-(1—l——1)——
0-2L,
0-2L,<b : I
_ 0-07-Ls—f
b=0 1 —o-osx~—~——0 “07 Ly
, ‘ (I-—1I)xb 0-07 Ly—f
007 L, >f 0<<b<0-2L,; I+ 0. ZL; —0-05% 007 L
0:07L—f
) 0-2L,sb 005X ~gT07 L,

Note) f = Length of foerecastle, b = Length of bridge
2.6.3. Correction by Depth Length Ratio (Table 20) (Regulation 31)

Table 20 Correction Amount by Depth Length Ratio &fo (mm)
Unit: LJ.D/(m)

L, L, <120m L, 2120m
L, ( L, L, ' L,
—_— —— x ——n
D>1s D 15)* 048 (o= 4%) x 250
0

In ship having the following conditions, the above 18/l (or
18/l X A/h, in the height of superstructures and trunks &

L | lower than its standard height ) shall be reduced from the
24

= freeboard.
T

(1) a Shlp having an enclosed superstructure covering at

least 0-6L, amidship. ‘j
{(2) a ship having a complete trunk
{.) a ship having combination of detached enclosed super-

structures and trunks which extend all fore and aft,

2.6.4, Correction for Position of Freeboard Deck Line (Regulation 32)
Where the actual depth D, (m) to the upper edge of the freeboard deck line
at side is greater than D, at the middle of L , the modified value obtained
from the following formula shall be added to the valuec from tabular free-
board. Where D, is smaller than D, , the modified valuc shall be deducted

from the tabular freeboard.
Correction value &f, = 1000(D,— D,) (mm)
2.6.5. Correction for Sheer (Regulation 38)

(1) Sheer height

{(a) The sheer shall be measured from the deck at side to a line of re-
ference drawn parallel to the keel through the shcer line at amidships.
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In ships desipgned with a rake of keel, the sheer shall be measured in rela-
tion to a refercnce line drawn parallel te the design load waterline.

(b) In ships with topsides of unusual form in which there is a step or
break in the topsides, the sheer shall be mecasured in relation to a refer-
ence line passing through the point of the equivalent depth amidships.

(¢) In flush deck ships and in ships with detached superstructures, the
sheer shall be measured at the freecboard deck.

(d) In ships with a superstructure of standard height which extends over
the whole length of the freeboard deck, the sheer shall be measured at the
superstructure deck, Where the height exceeds the standard, the least dif-
ference (2) between the actual and standard heights shall be added to each
end of L, . Similarly, the intermediate orxdinates at distances of L,/6
and L,;3 from each end of L, shall be increased by 0.444Z and 0.1117
respectively. :

(e) Where an enclosed forecastle or poop is of standard height with
greater sheer than that of the freeboard deck, or is of more than standard
height, the height obtained from the'following formula shall be added to
the mean height at fore and aft parts of sheer on the freeboard deck. (NK)

1, >l
3 X L,/2

where, ¥y = difference between actual and standard height of superstruc-
ture at the end of sheer
L’ = mean enclosed length of poop or forecastle up to maximum
length of o0-5L,
(2) Standard sheer and mean standard sheer profile (Table 21) (Regulation 38)

'fable 21 Standard Sheer and Standard Sheer Profile (mm)

Unit: L (m)

S.: (at aft end of L, ) 25 (1,/3-+10)
S.; (at L,/6 from aft end of L, ) 11-1 (L,/3 +10)
Standard sheer Sy (at L,/3 from aft end of L, ) 2-8 (L,/3+410)
height at each - ;
point S,,(at L,/3 from fore end of L, ) 5:6 (L,/3+10)
S..(at- L,6 from fore end of I,) 22-2 (1.,/3-+10)
S.:(at for: end of L,) 50 (L,/3-10)
the whole I, S, 12-51 (L,/3+10)
Standard mean the fore part S, 16-68 (1.,/3-+10)
sheer height - ‘ '
: \ , the aft part S. 8-34 (L,/3+10)
(3) Mecan sheer height .
. }lean shcer height : S - ("l+'35:+33J+2’4+335+33|+31)/16 (mm)
Mean_sheer height at the fore part S,~( $.+35-k3s,+ )/ 8 (mm)
Mean sheer height at the aft part Se= (5 +3n+3st s )/ 8 (mm)

According to the values of 'S, S, and S, S, Table 22 shall be applied.

*
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Table 22 Actual Mean Shcer Height

Unit: mm
Relation between
S;. S. and Sr, Sa 'Actual value N
‘ fore part aft part ig:ﬁ aft part mean value
_ SeZ.Sa S. (Ss+S.)/2
S,<Sr Sy
S.>>5a Sa (Ss+Sa)/2
5.220-75 54 Sy | (Ss+5.)/2
S/:—::Sr 0"50 A .<_Sa<0' 75 SA S’*' sl (S'+sa)/2
S5.<<0+50 Sa Sr (Sr+S.)/2

Note) * After the actual sheer height Si at each point equally divided in
. the fore part and the standard sheer height S. are figured, the
mean shcer height S; shall be calculated by means of the following

formula:

Si'=Sat+ (Si—S.i)(t—%—Z). f=d~t

In the sheer form of parabola curve, the formula is as follows;

St=Sr +(S/-—Sr}(4—56—:——2)

(4) Correction for sheer &fs (Table 23)

Table 23 Correction for Shecr &fs

Unit: 8];.‘ S, Sn(l'l‘ll"ﬂ).., L,r. E(m)

Relation between § and 8§,

8/s

S$< S

(8,— S5)(0-75 —0-5n)

S>8

(S.— S)(0-75—0-5 r.)-‘r-’l—?-
74

Max. limit of |&/fs|

1-25 L,

Note) E

0-12, from thc middle of L,

L 41

2.7. Flooding Calculation

Length of enclosed superstructures (except trunks) located within

Sum of the length of superstructurcs/L,

Flooding calculation shall be done on the basis of the conditions of Table
13 and the assumptions of Table 24 according to the tabular freeboard.
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Table 24

Assumptions and Definition of Terms for
Flooding Calculation (IMCO A.172 (1968))

Item

Assumptions and Definitions of Terms

Draft before damage

Summer load waterline-even keel

Vertical direction

to the depth of the ship

Transverse B/5 from the side of the ship

direction at summer load waterline.

Longitudinal For flooding to two compartmeﬁts:3-05ur+0-0314,
direction but it shall be max. 10.65 m

Main transverse
bulkhead

Regarded not to be damaged

Transverse bulk-

T

I1f in a transverse bulkhead there is a step Or recess
of more than 3.05 m in length located within the

Extent of Damage, etc.

head with steps extent of transverse penetration of damage of B/S,
or recesses the two compartments adjacent to this bulkhead should
be considered as flooded.
With regard to tanks, such as fuel oil tanks, lubri-
cating oil tanks and fresh water tanks, unless the
Tanks in En_ine dynamic stability is required to be investigated, or
room where the heeling moment due to unsymmetrical flood-
ing of these tanks is appreciable, such tanks may be
assumed not to be floodable.
€ lo ' ¥ T
ne eed b - XrEd - S (U I N
[} ¥ ?)/;-
E | compartment 7 2
¥ | flooding 1 1
B
g
3
=
- : S
9 1 T :E_’L
0 v
: Two <
compartments ___,gﬂzgzrx
“ e
o | flooding 22
e SO N
a.
g
2 Dashed lines in the above figures show the lines of
& B/5 from the side of the ship at the summer loadline.
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Cargo loading conditions, etc.

Item Assunptions and Definitions of Terms
‘KG is assessed allowing for homogencous loading of
Ko all cargo spaces and 50 per cent of individual total
capacity of all tanks and spaces fitted to contain
consumable fluids and ship's stores
Permcability Cargo space: 0.95 Machinery space: 0,85

Loading in tank

The distribution of consumable liquids should be
effected so as to obtain the greatest possible KG
for the tanks which are not taken account of correc-
tions for free surfaces of liquids

Effect of
free surface

For each type of liquid, one transverse pair or a
single center line tank where the effect of free
surface is the greatest should be taken into account,

Condition to be fulfilled after flooding

Specific weight Sélt water: 1.025 FFesh water: 1.000
of liquids . 0il fuel : 0.950 Diesel oil : 0.900
Lubricating oil: 0.900
1. #<15° but if the deck line at the side is not
immersed, an angle of heel of up to 17° may be
accepted.
2. When any part of the
deck beyond the limits
of flooding is immers-
Heel angle ed or in any case : righting lever curve

after flooding
8 (d(‘g) > etc.

where the stability in after flooding

hrbfal L plubrhiuie.
the flooded condition (] [_ —t

lm! i

may be considered

stability may be regarded (deg.
as sufficient with the

1
doubtful, the dynamic /”\Qeel an§lé AN

heel angle at

following conditions. he equilibrium

position

h=20-1lm and =20

C:M after
flooding

GeM Z50mm

Waterline after

The final waterline after flooding is to be below

flooding the lower edge of any opening described below.

Floodi Weathertight doors on the ends of superstructures
S and bridges, weathertight hatches, weathertight

&0 cpening ventilating air pipes, etc.

-g -

2 Watertight manhole and flush scuttles (Reg. 18),

O | Non-flooding watertight small access opening (Reg. 27.2), water—
opaning tight door, remotely controlled watertight sliding

door, fixed sidc scuttles (Reg. 23)
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2.8. Minimum Bow Height A& (Regulation 39)

(1) Definition

The bow height defined as the vertical distance at the forward end of £,
between the assigned summer load waterline and the top of the exposed deck
at side shall comply with the figures shown in Table 25.

{(2) Condition
The bow height h obtained from Table 25 by sheer or superstructure shall
comply with the following conditiouns.

(a) If obtained by sheer, Table 25 Min. Bow Height (mm)

the sheer shall extend for Unit: L,(m)
at least 0-15L, from the L
- 1-36
forward end of L, . _ Lr<250m h =58 I"(l 506 C.4-0-68
(b) If obtained by fitting 1,2250m b2 7000 130
a superstructure, the super- C.st0-68

structure shall extend abaft
from the. forward end of L,
to a point at least 0-07 L,

In case of L,=100m , it shall be enclosed as defined in 2.6.2.(1)(a).
In case of L, >100m , it shall be fitted with closing appliances to the
gatisfaction of the Administration.

Note) C, shall be not less than 0.68.

(3) Exception .
Ships which, to suit exceptional operational requirements, cannot mecet (1)
and (2) may be given special consideration by the Administration.

2.9. - Timber Frecboards

2.9.1. Special Requirements for Ships Assigned Timber Freeboards
(Regulation 43, 4&4)

(1) Ships shall have a forecastle of at least standard height and a leagth
of at least 0-07L,. In addition, if the ship is less than 100 m in length,
a poop of at least standard height, or a raised quarter-deck with a deck-
house shall be fitted.

(2) Double bottom tanks where fitted within KL, 0 shall have adequate
watertight subdivision.

(3) The ship shall be fitted either with permanent bulwarks at least l1m
in height or with efficient rails of the same height.

(4) Efficient provision shall be made for steering in the event of a break-
down in the main steering arrangements.

(5) Suitable lashing equipment shall be provided. (Regulation 44)

(6) Guard rails and/or life lines shall be provided on each side of the
deck cargo.

‘ (7L;Ihedsgghi}itx*g§_5h§ ship loadcd timber cargo shali be sufficiently

taken into account. (Rcfer to 4.5.2)
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2.9.2, Special Requiremcnts for On-Deck Loading of Timber
Timber freeboards shall be applicd only for ships carrying timber deck
cargo in conformity with the prescribed loading conditions. 1In the part
on the freeboard deck where neither the superstructure or-the deckhouse-is
located, the timber shall be stowed to at least the standard height of the
superstructure. On a ship within a seasonal winter zone in winter, the
height of the deck cargo above the weather deck shall not exceed one-third
of the extreme breadth of the ship. Other restrictions on the stowage
shall comply with Regulation 44.

2.9.3. Form Frecboard of Ships Assigned Timber Freeboards (Regulation 45)

{1) Correction for superstructure :
The correction amount &fs shall be computed by substituting the super-

structure coefficient in Table 26 for those given in Table 18, (Regulation
45)

Table 26 Superstructure Coefficient for Timber Freeboards

Rs o |0.1/0.210.3/0.4}/0.5]0.6|0.7{0.8[0.9 1.0

Superstructure

Coefficient 0.20/0.31]0.42[0.53}0.64(0.70{0.76{0.8210.88(0.94{ 1.0

Note) Coefficients at irtermediate R» shall be obtained by linear
interpolation.

(2) Determination of freeboard in various conditions (fable 10)

2.10. Requirements on the Structures and Fittings of Ships

2.10.1. Height of Hatchways (Regulation 15, 16)
(Refer to Chapter V, 5.2.1, Table 40)

2.10.2. Coaming Height of Entrances on Machinery Casing {Regulation 17)
(Refer to Chapter V, 5.1.1, Table 39)

2.10.3. Sill Height to Doorways in Companionways (Regulation 18)
(Refer to Chapter V, 5.1.1, Table 39}

2.10.4. Coaming Height of Ventilators (Regulation 19)
(Refer to Chapter V, 17.1.1, Table 143)

2.10.5. Height of Air Pipes for Tanks (Regulation 20)
(Refer to Chapter V, 11.1.1, Table 102)

2.10.6. Scuppers below the Freeboard Deck (Regulation 22)
(Refer to Chapter V, 13.2.1, Tahle 121)

2.10.7. Side Scuttles (Regulation 23) (Refer to Chapter V, 5.7.1(2))
2.10.8. Frceing Ports on Bulwarks (Regulation 24)
(1) Where buluarks on the weather portiouns of freeboard or superstructure

decks form wells, the total freeing port arca shall be that given by the
following formulae, but the cases of (2) and (3) shall be excluded.
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(2) On freecboard deck 3 A~0-740-035/¢ (m") {{520m)
A=-0-07 1 (m") (I1>20m)

(b) On superstructure deck; onc-half of the area given by the above (a)

(c) If the bulwark is more than 1.2 m in average height, the required
area shall be increased by adding g4 in the following formula to A.

AA~0:0004/{Ah--1-2) (m")

where, A = average height of bulwark (m)
! = length of bulwark (to need in no case be taken as greater
than 0-7L, )

{(2) In ships with no sheer, the A shall be increased by 50 per cent.
Where the sheer-is less than the standard, the percentage shall be obtained
by interpolation.

Table 27 Area of Freeing Port
{3) Where a ship is fitted with (in 2.10.8 (3))
a trunk or continuous hatchway )
coamings between detached
superstructure, the minimum
area of the freeing port open-
ing shall be calculated from

Breadth of hatch-

way or trunk Area of freeing port

Breadth of ship | Total area of bulwark

. Table 27.
(4) Two-thirds of the freeing 'S 0% 207
port area required shall be = 75% -

provided in the half of the well
nearest the lowest point of the
sheer curve.

Note) The value at intermediate breadths
shall be obtained by linear inter-
polation.

2.11. Protection of fhe Crew

- (1) The height of the bulwarks or guard rails shall be in principle at

least 1 metre from the deck.

(2) The opening below the lowest course of the guard rails shall not exceed
230 mm. The other courses shall be not more than 380 mm apart. In case of
ships with rounded gunwales, the guard rail supports shall be placed on the
flat of the deck.

(3) Satisfactory means such as guard rails, -life lines, gangways or under-
deck passages, shall be provided for the protection of the crew in getting
to and from their quarters, the machinery space and all other parts used in
the necessary work of the ship.

(4) Effective protection for the crew in the form of guard rails or life
lines shall be provided above the deck cargo if there is no coanvenient
passage on or below the deck.

(5) For ships assigned timber frecboards, in addition to the above (4),
guard rails or life lines spaced not more than 330 mm apart vertically
shall be provided on each side of the deck cargo to a height of at least

"1 m above the cargo. .
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2.12, Freeboard of the Ship engagcd on Coastal Voyages

2.12.1. Application

Stecl ships of 24 m in length and over which is engaged on coastal voyages.
Refer to Regulations No. 33 of Japancse MOT issued in 1968 for ships such
_as wooden ships fishing vessels engaged on coastal voyages.

2.12.2, Illustration of Load Waterline (Fig. 20)

4

keel t:EE;::::::ZZZZSV'———E;p line of keel
— — €

2.12.3. Definitions of Terms, Units and Significant Figures for
Calculations
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(1) Definitions of terms (refer to 2,3.1.)

(2) Units and significant figures for calculations

(a) Figures, such.as the length and breadth of a ship, the length and
height of a superstructurc and the sheer height which show the size of a
ship, shall be shown to second decimal placc with metric unit, but to
third decimal place for moulded depth.

(b) The thickness of deck coverings and deck stringer shall be shown by
metric unit and to third decimal place.

(¢) Figures such as C,, (0-68-+ Ci)/1-36. I,/15. S/(2],) shall be shown
to third decimal place. ' .

(d) Figures directly related tv frecboard by the addition and substruc-
tion shall be shown in centimecter to first decimal place. .
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The figures of the above shall be rounded to the lowest decimal place.
2.12.4. Determination of Freeboard

(1) Freeboard in salt water

The freeboard in salt water shall be obtained from the basic freeboard
(refer to 2.12.5.) by taking into account the correction” for depth (refer
to 2.12.6.), the correction for superstructures, trunks, etc. (refer to
2.12.7.) the correction for sheer (refer to 2.12.8.) and the correction for
steel hatch covers (2,12.9.).

The minimum freeboard shall be;

Tankers 3 5 cm
Ships other than tankers; 10 cm

(2) Fresh water freeboard
The following amount shall be deducted from the minimum freeboard in salt
water.

40 'r (em)

where, 4 = displacement in salt water at the summer load waterline {1},
T = TPC immersion in salt water at the summer load waterline (t/cm),

When T is not clear, d./48 may be applied instead of "TPC
(ds = load waterline in salt water)

(3) For ships engaged in certain limited coastal zone, the freeboard may
be of the figure multiplied by 0.85 to the above freeboard.

2.12.5. Basic Freeboard

In case of C,>0:68 Basic¢ Freeboard = fo% (Co+0-68)/1-36
In case of Cuv<0:68 Basic freeboard = S
where, G = block coefficient
) o = tabular freeboard (Table 28)
Table 28 Tabular Freeboard [f.{em)
- T Unit: L,{(m)
Ships other than
Tankers P tankers
L,<50m 0-5L, -0-8L,
L,z50m 0-8(L,/10)-+ (L,/10) | (L,/10Y + (L,/10)+ 10

2.12.6. Correction for Depth (Table 29)

Table 29 Correction for Ship's Depth (cm)

Unit: L Dalm)

| L,<50m 50m = L, < 100m L,2100m

“n/L,/_l_S 1 20(D. — L,/15) (0-11.,+15) (D, — L,/15)| 25(D, — L,/15)
< L,/15 - 0 .

———— e e
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2.12.7, Correction for Superstructures, Trunks, etc.

(1) Definitions of terms on superstructures, etc.

(a) Superstructurcs (refer to 2.6.2.)
(b) Trunks
A trunk shall be regarded as efficient on the following conditions:
i) Width of the trunk =0-4B
1i) The trunk is at least as strong as superstructure

iii) The hatchways are in the trunk deck and have efficient mecans of
closing.

iv) A permanent working platform fitted with guard rails is provided by
the trunk deck, or by detached trunks connccted to superstructures by ef-
ficient permanent gangways.

{c) Effective length of superstructures and trunks

i) Effective length of superstructures
= Length of superstructure (including .correction for concavo-convex
parts) x &/B; - (in superstructure with set-in parts)

where, Breadth of the superstructure at the middle of its length (m)

b =
Bs = Breadth of the ship at the middie of the length of the
superstructure

The superstructure with the second grade closing device may be 70 per cent
in length to the above figure.

ii) Effective iength of trunks = Mean length of trunks x (1:658.—0-65B5)/B;s
where, 3, = Breadth of the trunk at the middle of its mean length (m)

iii) For ships under 100 m in length, the length of the superstructures and
the trunks -where the cargoes are loaded shall be multiplied by (- 5+14/209)
to tie figures of the above i), ii).

(d) Height of superstructure and trunk
The height of a superstructure is the least vertical height mcasured at
side From the top of the superstructure deck beams to the top of the free-
board deck beams. The height of a trunk is measured at the side wall of
the trunk, Those heights shall not be more than ~ (1-0-+0-01L) (m)

(2) Correction amount for superstructure, etc.

= S50(4 x a1 (em) . .

where, I, = Effective length of enclosed superstructures aud trunks (m)
b, = Height of enclosed superstructures and trunks (m)

2.12.8. Correction for Sheer
Correction amount = —é—{ 2-5(L+30)~ 100(51.4 Sa) }(0-75"‘ 21 ) (Cm)
Where the correcction amount is less than —@-1257, the value shall be —0-125L
Height of sheer at fore perpendicular (m)

Heipht of sheer at aft perpendicular {m)
Total length ¢f superstructures (m)

where, Sy
Sa
S

on

For ships with straight sheers, the parabolic shcers equivalent to the
actual sheers in area shall be applied.
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2.12.9. Correction for Stccel Hatch Covers
For ships having steel hatch covers other than tankers, the deduction from
the basic freeboard shall comply with Table 30.

Table 30' Correction Values for Steel Hatch Cover

L,<100m L,~110m L;,~120m L,~130m

4-0 5-0 8:0 12-0

Note) 1. Deductions at intermediate lengths of ship shall be
obtained by linear interpolation.

2. Ships above 130 wm in lenggh shall be dealt with by
the Administrations.
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3. WATERTLGHT SUBDIVISION

3.1. Japanese Regulations for Ship's Subdivision (Legislated in 1952,
’ Revised in 1968)

3.1.1, Applicatioh (Article 1) :
Passenger ships engaged in international voyage.

3.1.2. Definition (Article 2-10, 20-22)

(1) The length of the ship, L: Waterline length at the extremities of the
deepest subdivision load line. (m)

(2) The breadth of the ship, B: The extreme width from outside of frame to
outside of frame at or below the decpest subdivision loadline. (m)

(3) Bulkhead deck: The uppermost deck to which the transverse watertight
bulkheads are carried,

(4) Margin line: A line drawn at least 76 mmn below the upper surface of the
bulkhead deck at side.

For the determination of margin line, minimum thickness shall be adopted in
the vessels with the bulkhead deck of unequal thickness at side, unless the
Administration admits especially to adopt the mean thickness of the bulk-
head deck throughout the ship's length. (But thickness of the deck shall be
limited to 50 mm plus minimum thickness of the deck where it exceeds the
said thickness.)

(5) Draft: The vertical distance from the molded base line amidships to the
subdivision loadline in question, (m} .

(6) Permeability, u : The percentage of that space which can ﬁe occupied by
~ water. (%)

(7) Machinery space: The space taken as extending from the molded base line
to the margin line and between the extreme main transverse watertight bulk-
heads bounding the spaces containing the main and auxiliary propelling
machinery, boilers serving the needs of propulsion and all permanent coal
bunkers.

(8). Fore (aft) hold space: The hold space below the margin line forward of
(abaft) the machinery space.

(9) Passcnger spaces/crew spaces: Spaces which are provided for the accom-
modation and usc of passengers/crew, excluding baggage, store, provision
and mail rooms.

(10) Cabins: Passenger spaces and crew spaces.

(11) Floodable length: Maximum portion of the leangth of the ship, having its-
center at the point in question, which can be flooded without the ship being
submerged beyond the margin line under the following assumptions.

{(a) The ship shall be afloat at the deepest subdivision loadline.

(b) The space in the ship shall have the permeability determined by the
Regulation,
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(12) Permissible length: Maximum permissible length of a compartment normally
used which is obtained from the floodable length by multiplying the factor
of subdivision.

(13) Criterion numeral of service, ¢, : The numeral to denote the degree to
which 'a ship 1s a passenger ship.

3.1.3. Determination of Permiability (Article 14-19)
A uniform average permeability shall be used throughout the whole length of
each of the following portions of the ship.

Machinery space
Forward hold space
Aftward hold space

@ = YVolume of the cabin located in the space in question

¢ = Volume of between deck spaces which are appropriated for cargo, coal or
stores and situated in the space in quescion

v = Whole volume of the space in question

(1) Machinery space p= B5-+10->

# = Permiability
(2) Fore (Aft) hold space  w=63+35-—

(3) Permeability by detailed calculation

In case the ship has the abnormal arrangement of the forward and aftward
hold spaces or the permeability of machinery space obtained by detailed
calculation is less than the value given in (1), following numeral shall be
used as permeability of each space.

Cabin 95%
Holds, stores 60%
Tanks ‘ The value admitted by the Administration

S?aces containing machinery 85%
3.1.4. Factor of Subdivision (Article 22-26)

(1) Criterion numeral of service, C,

M

Volume of machinery space. Volume of permanent fuel o0il tanks on and
above the double bottom in forward and aftward hold spaces shall be
added, if any.

Whole volume of cabins below the margin line.

Whole volume of the ship below the margin line.

Nunber of passenoers for which. the ship will be certified,

0.056L (m3 )

Assumed volume = KN

Where thé value of KN is greater than T which is the sum of P and the whole

“wvolume of the actual passenger spaces above the margin line, the figure to

be taken as P, is T or%,\-‘\- , whichever is the greater.

M421,
C - 72 ."_.F*__[.,- —-}— ‘ where P|> P
C,~-172- ‘"——"}2—’-'— where P,=p
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(2) Factor of subdivision, F
(a) Lea1dim

F- _LSS 520 40-18=4, - where C.s23

. 30-3 .

F = T47 ———a+0-18=28 where C.>123
FoA—t4ZBI(Cm23)  Ghore 23<C,<123

100

In case the factor of subdivision calculated by the above formula is less
than 0.4, the value for machinery space only can be increased to 0.4. 1In
case the criterion numeral is not less than 45 and the factor of subdivi-

sion calculated by the formula is over 0.5 and not more than 0. 65, the
factor of subdivision shall be reduced to 0.5.

(b)Y 79ms=L<13Im

F-I'OO. where . C,S_ﬂl::;—z—?-,;
30-3
- = 142 +0-18 ghere C,=2123 |
. (1-RB)(C,—8) _ 3574—251 , _ .
Frel- 238 where — 13 {(=8)<C,<123
(¢) L<79m F=1:00

(d) When the certified number of passengers does not exceed L'/GSO or
30, whichever is the less,

F=1-00
3.1.5. Special Rules Concerning Subdivision (Article 28-39, 65-68)

(1) Bow part

(a) (..0111510.1 bulkhead shall be fitted betwecen 0 ‘05fL and 0-05/-+3-05m
from F.P.

{5} In ships not less than 1GU m length, the distance from F.P. to the

bulkhead abaft the collision bulkhead shall not exceed the permissible length.

(2) Stern part .
" The location of the aEterpeak bulkhead is not specified.

The afterpeak bulkhcad may be stopped below the bulkhead deck, provided that

the degree of the safety of the ship as regards subdivision is not thereby
diminished.

(3) Double bottom

(a) The space where the double bottom is fitted

S0m:T L= 61m The space from the front bulkhead of machinery space to the

collision bulkhead. _ .
Above space plus the space from the aft of machinery space
to the afterpcak bulkhead.

1.276m The space from collision bulkhead to afterpeak bulkhead,

SlmT < 76m
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(b) The line of intersection of the outer edge of the margin plate with
the bilge plating is not lower at any poiut than a horizontal plauc passing
through the point of intersection with the frame line amidships of a trans-
verse diagonal line inclined at 25 degrees to the base line and cutting {t
at a point one-half the ship's molded breadth from the middle line.

(c) The depth of the bilge well shall in no case be more than the depth
less 457 mm of the double bottom at the centerline, nor shall the welil ex-

tend below the horizontal plane mentioned above.
A well extending to the outer bottom is however, permitted at the after end

of the shaft tunnel of screw ships.

(&} Margin Yine
(a) When the bulkhead deck is made up with two layers of discontinuous
decks, the margin line can be drawn as shown in Fig. 21.

Fig. 21
margin line
e ——
N i = R I I B [
S T B e e weenial M

(b) In such cases as follows, the margin line can be decided as shown in
Fig. 22. o
i) The sides of the ship are extended throughout the ship's length to the
higher deck. .
ii) All openings in the shell plating below this higher deck meet the
requirements of Chapter 8 of the Regulations.

11i) The total length of each compartment adjacent to the "step” in the
bulkhead deck does not exceed twice the permissible length based on the

lower margin line.

Fig. 22

‘ margin linc
I Y
L ] [
L_l ___________.——1—-'—':'
: ;] . ; = ; = -+ E
1t 2 By 12! .
I = s 2 23—

(5) The compartment which can excced the permissible length

When neither of the combined length of one compartment (hereinafter called
Compartment A) and the forward compartment (hereinafter called Compartment
B) adjacent to Compartment A nor that of Compartment A and the afterward
compartment (hereinafter called Compartment C) adjacent to Compartment A
exceed floodable length and twice the permissible length, the length of the
Compartment A may exceed the permissible length.

(6) Recess of the bulkhead :
All parts of recess shall lie inboard of vertical surfaces on both sides of

ship, situated at a distance not less than one-fifth of the breadth of the
ship from the shell plating at the level of the deepest subdivision loadline,

unless the paragraph (7) is satisfied.
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(7) Step of the bulkhead
A transverse bulkhcad may be stepped provided that it meets one of the follow-
ing conditions:~-

(a) The combined length of the compartments at both sides of the step does
not exceed either 907 of floodable length or twice the permissible length,
except that in ships having a factor of subdivision greater than 0.9, the
combined length of the two compartments in question shall not exceed the
permissible length.

(b) Additional subdivision is provided in way of the step to maintain the
same measure of safety as that secured by a plane bulkhead.

(¢) The compartment just under the step does not exceed the permissible
length corresponding to a margin line taken 76 mm below the step.

(8) Minimum length of the compartment

If the distance between two adjacent transverse bulkheads is less than
3-05m-+0-03L or 10.67m whichever is the less, only one of these bulkheads

is regarded as forming part of the subdivision of the ship.

3.1.6. Stability of Ships in Damaged Condition (Article 40-46)

{1) Final condition of the ship after damage and after equalization measures
have been taken shall be as follows. ‘

(a) In case of symmetrical flooding, there shall be a positive metacentric
height of at least 0.05 n.

(b) In case of unsymmetrical flooding, the total heel shail not exceed
7 degrees, except that the Administration may allow the final heel up to 135
degrees in special cases.

{(¢c) The margin line shall not be submerged.

(2) Assumed flooded compartment

(a) ©0-50<F=1-00 One compartment {Two adjacent compartments when the

transverse bulkhead is stepped)
(b) 0-33<F=0-50 Two adjacent compartments
(c) F=0-33 Three adjacent compartments

3.2. Calculation of Floodable Length

In determining the floodable length, MOT standard method, DOT method or
other metheds which have the accuracy equivalent to or higher than those
methods may be applied.

3.2.1. MOT Standard Method
(1) Curves to be prepared

Displacement curve, LBM curve, {8F curve and transverse sectional area curve
up to the margin line.

wl
Wi\
&
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(2) Relation between the weight of added water in the flooded compartment .
and position of center of gravity

When the draft of the ship floating at first at the subdivision loadlinc

W,l, varies to W’'L’ which is tangent to the margin line after the shaded

. compartment is flooded into as shown on Fig. 23, the weight of added water

in the flooded compartment w» becomes
IIJ‘"A“"AQ

43
Assuming the form of margin line to be 3""'_[:—"'"‘ the distance d
from [0 to center of gravity of w becomes

(a) d————‘f::’ (E? 22’, = e<s
G a-ABM(IL 2 o
@ am2MED .

wvhere A = Displacement of the ship floating at waterline WL

A,= Displacement of the ship’ floating at waterline W,L.

M = LBM of the ship floating at waterline WL ’

J/ = Distance from midship to center of floatation of the ship
floating at waterline WL

s = Sheer of the ship

¢ = Distance from the waterline WL to the lowest point of margin
line of the ship

The sign on the upper side shall be taken when the center of floatation F
locates at the opposite side of the center of gravity of w about midship
and the sign on the lower side shall be taken when F is at the same side.

(3) Floodable volumetric curve
Floodable volume can be calculated by

_100(A—A.) _ 97-56
1-025 u

From the above, floodable volumetric curve can be drawn in relation to d .

(A'—Al)

(4) Determination of floodable length

(a) Integral curve of transverse sectional area integrated from A.P. or
F.P. towards midship is drawn by the same scale as floodable volumetric

curve.

(b) The proportional volumetric curve, which is the product of floodable
volume multiplied by factor R , is drawn.

: R_._}_(_s_j_'?_'_
Where 12\ 1+ r

. ¢y = Ratio of the transverse sectional area at both ends of the
floodable length.,

The value of H is usually 0.5 at midship and 0.45 at both ends of the ship.

-Making use of the above curves, the floodable length can be obtained by the

method as shown on Fig. 24.
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i) Floodable length at both ends L
By drawing a vertical line 0Q to base line XY, which passes through point P
(cross point of proportional volumetric curve and the integral curve of the
transverse sectional area) and QR parallel to XY, the floodable length XpS,
which is the horizontal length between Ap and R, is obtained.

ii) Floodable length except the above
Drawing a vertical Line AG to base line XY at a certain point A, taking FC
and FG equal to AB and EB respectively on the line AG and then drawing
parallel lines CK and GH to base line XY, the floodable length TJ at the
midst M of LJ, which is the horizontal distance between K and H on the integral
curve of transverse sectional area, is obtained.

3.3. Subdivision Requirements for Passenger Ferry
{(JG circular 1973, ship inspection code No. 367)

(a) L<45m One compartment

(b) 45mS L<79m Two adjacent compartments for foremost and aftermost
parts of the ship '
One compartment .for other parts

(¢) Lz79m Two adjacent compartments

L : Ship's length defined by the construction regulations for steel
ships
Fassenger ferry: Car ferry which accommodates over twelve passengers

On the damaged stability, Japanese Regulations for Ship's Subdivision

(Article 36, 40, 41, 43, 44, 45 and 46) shall be applied, excepting that
assured floodable compartments shall be same as mentioned above.
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3.4. Subdivision and Damaged Stabilicy for 0il Tankers (Regulation 25 of
Intemational Convention for the Prevention of Pollution from Ships, 1973)

(1) Location of damage
(a) L>225m Anywhere in the ship's length

(b) 150m< Ls225m  Anywhere in the ship's length except involving either
) after or forward bulkhead bounding the machinery space.
The machinery space shall be treated as a single flood-
able compartment

(c) L=150m Anywhere in the.ship's length between adjacent trans-
verse bulkheads with the exception of the machinery
space. - y

For tankers of 100 m or less in length where all requirements of 3.4.(3) can
not be fulfilled without materially impairing the operational qualities of
the ship, the Administration may allow yelaxations from these requirements.
All the operational conditions of the ship other than ballast condition shall
be considered.

L means the ship's length defined by the International Convention on Load
Lines, 1966. (hereinafter L has the same meaning as above)

(2) Extent of damage

(a) As shown on Table 31. However, the longitudinal extent of bottom
damage within ¢0-3L from F.P. shall be the same as for side damage. If any
damage of lesser extent results in a more severe condition such damage shall
be assumed. : ,

(b) If the longitudinal extent of damage is the same as the distance
between transverse bulkheads, those transverse bulkheads shall be considered
effective. :

Table 31 Extent of Damage

Longitudinal (I} L**/3 or 14.5 m, whichever .is the less

Side

Transverse (te) B/5 or 11.5 m, whichever is the less
damage :
1 vertical (vc) | From the base line upwards without limit
For ¢-3L from F.P. For any other part
. L/10 or 5 m, whichever
Longitudinal ({.,) L/10 fs the less
Bottom B/ 6 or 10m, which-
damage | Transverse (t,) | ever is the less, 5nm

but not less than 5m

B/15 or 6m from the
Vertical {vs) | base line, whichever | . same as left
' is the less

Note) 1. shall be measured from the ship's side toward the ship's centerline
at right angles at the designated summer freeboard.
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(c) Where the damage betwecn adjacent transverse watertight bulkheads is
envisaged as specified in (1){c), no miin transverse bulklicad or a trans-
versc bulklicad bounding side tanks or double bottom tanks shall be assumed
damaged, unless:

i) The spacing of the adjacent bulkheads is less than the longitudinal
extent of assumed damage specified in (2)(a).

11) There is a step or a recess in a transverse bulkhead of more than 3.05m .

in length, located within the extent of penetration of assumed damage. The
step formed by the after peak bulkhead and after peak tank top shall not be
regarded as a step.

(d) 1If pipes, ducts or tunnels are situated within the assumed extent of
damage, arrangements shall be made so that progressive flooding cannot
thereby extend to compartments other than those assumed to be floodable for
each case of damage. :

(3) Stability criteria at the damaged condition

(a) The final waterline, taking into account sinkage, heel and trim,
shall be below the lower edge of any opening through which progressive
flooding may take place. Such opening shall include air pipes and those
which are closed by means of weathertight doors or hatch covers and may
exclude those openings closed by means of watertight manhole covers and
flush scuttles, small watertight cargo tank hatch covers which maintain
the high integrity of the deck, remotely operated watertight sliding doors,
. and side scuttles of non-opening type.

(b) In the final stage of flcoding, the angle of heel due to unsymmetri-
cal flooding shall not exceed 25 degrees, provided that this angle may be
increased up to 30 degrees if no deck edge immersion occurs.

{c) The stability in the final
stage of flooding shall meet Fig.
25. Corsideration shall be given -
to the potential hazard presented G7Z
by protected or unprotected open- (m!
ings which may become temporarily

l~— not less than 20 %

}

imuersed within the range of than 0.lm
residual stability.
. 0 ’///" angle of inclination
(d) The stability shall be angle of heel at
suf{icient during the inter- balanced condition

mediate stage of flooding.

(4) Calculation method ' Fig. 25

(a) Account shall be taken of any empty or partially filled tank, the
specific gravity of cargos carried, as well as any outflow of liquids from
damaged compartment.

{b) Pcrmeability

Voids 95%

Tanks intended for consumable liquid 0 or 957,

Tanks intended for other liquid 0 to 95%

Other spaces A refer to 3.1.3 (3)

* Whichever results in the mote severe condition
** The permeability of partially filled compartments shall be consistent
with the amount of liquid carried. '

1
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(c) The buoyancy of any superstructure directly above the side damage
shall be disregarded. The superstructure separated from the damaged space
by watertight bulkheads may be regarded as the intact compartment taking
the requirements of (3){(a) into consideration. Hinged watertight doors may
be acceptable in watertight bulkheads in the superstructure.

{d) The free surface effect shall be calculated at an angle of heel of
S degrees for each individual compartment, The administration may require
or allow the free surface corrections to be calculated at an angle of heel
greater than 5 degrees for partially filled tanks.

{(e) In calculating the effect of free surfaces of consumable liquids, it
shall be assumed that for each type of liquid at least one transverse pair
or a single centerline tank has a free surface and the taok or combination
of tanks to be taken into account shall be those where the effect of free
surfaces is the greatest.

3.5. Limication of Size and Arrangement of Cargo Tanks (Regulation 24 of
International Convention for the Prevention of Pollution from Ships, 1973)

(1) Limitation of size and arrangement of cargo tanks (Table 32)

Table 32
Limitation
of . . '
hypothetical | Not more than 30,000 cubic meters or 400¥DW , whichever is -
outflow the greater, but subject to a maximum of 40,000 cubic meters.
(0., U,)
(Refer to
Table 33)
" Limitation - C?nter Car8C | Not more than 50,000 cubic meters
Cof o0il tank
individual Wing cargo Not. more than 75% of hypothetical outflow
tank volume " .
oil tank mentioned above
Without .
longitudinal . 01 L
bulkhead .
With a
Limitation longitudinal 0-15L
of length bulkhead
of cargo -
oil tank t;xﬁ 0-2 L
(10w or the -
value men-— .QLZLL. 0-2 L
tioned right,! With two B 5
whichever is | or more Without -
the greater) | longitudinal centerline b,
bulkheads . longitudinal| (05— +0-1)L
Center .Qj<-1__ bulkhead
tank B 5 With
centerline be | n.
longitudinal (0'25_54.0 15);.
bulkhead
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Note) 1.

2.

DW = Deadweight at the designated summer freeboard (t)
b, = Width of wing tank mcasurcd from ship's side to centerline
at right angles at the assigned summecr freeboard. {(m)

The permitted volume of 2 wing cargo oil tank situated between two
segregated ballast tanks, each exceeding /lc in length in Table 31,
may be increased to the maximum limit of hypothetical oil outflow

.provided that the width of the wing tank exceeds (. in Table 31.

(2) Calculation of hypothetical outflow of oil (Table 33)

Table 33

Hypothetical outflow of

0il by

side damage o, LW+ 21 K.C/o

Hypothetical outflow of
oil by bottom damage

(XNZ,-W,+22,:C,) /3

In case where bottom damage simultaneously
involves four center tanks

(2Z,- W.+3XZ-C,) /4

0,

Note) 1.

2.

3Q

The extent of damage shall be as shown on Table 31. Conceivable
location of damage shall extend to the length of the ship.

W. = Volume of a wing tank assumed to be breached by the damage

(m3)
C, = Vg}ume of a center tank assumed to be breached by the damage
{m3).
and C, for a segregated ballast tank may be taken equal to zero.
Kl_i_bgllc' K,"o blale
Zl"l""l‘/v;. Z.-'O . hlza.’

A, = Minimum depth of double bottom (m) (refer to 4.)

In the tank arrangement shown
right, W, shall be the actual

7 7
volume of one such tank (where AN ,bc“f‘,’ \_bd::.(gz N @‘;&",
tank A and B are of equal ‘f{ RS é:f
capacity)or the smaller of the "\fr’" A 903?0@}09(3& @’3 A N
two tank:, A or B (if they dif- Pl ~\7 N g ™
fer in capacity), multiplied by s, : I
<L,
sl"'l'_ll/lt <t

», may be taken as zero in case the double bottom does not extend

. for the full length and width of the tank involved, or excepting

the case double bottom tank is empty or carrying clean water,
If the depth of a suction well exceeds one half of the height of
the double bottom tank, &, shall be taken as

A, = Depth of double bottom tank - depth of a suction well

"(The depth of a suction well shall be neglected if it is not more

than one half of the depth of the double bottom tank.)

o, may be calculated by the formula of simultaneous damage in four
center tanks mentioned .above, provided that the piping system,
which is capable of transferring in two hours 0il equal to one half
of the volume of the largest of the tanks with bottom damage into
segregated ballast tanks or‘cargo oil tanks with sufficient ullage,
is installed and in no casc the height of the pipe shall be less
than the vertical extent of damage .
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1.6, .Arungenen:' of Watercight Bulkhead Required by Classification Socteties (1974) (Table 14)
t . . .

| Table 34
Class || ' NK . LR ' AB NV
| . ) *L<6lm 120-051. )
¢ [,2200m 0:08L2120-05L | » L<90m . 0-075L%120-05L | s g1ms L<200m  0-08LZI0-05L o LX200m 0-08LZ/20-0SL
< L>200m  0-08LI/T10m | *%0mSLE200m 0-08%% 1z0-05/, |*12200m -~ 0:0BLZIZ10m . L>200m 0-08LZ1Z10m
" . » For passenger ships
_g * 1.>200m 0:08L2¢Z10m . 0-0SL+3-05m2 720-051.
-
2 1 = Distance from P.P. to collision bulkhead )
e In case the vessel has any part of the under water body, such as bulbous how, extending
3 forward of F.P,., | may be mcasured from a reference point located a distance y forward collision_ |
- 'TE F.P. The value of r is; o bulkhead -
= for Ls200m p/? or 0.015), , whichever 1s the less :It....._
S for L >200m p/2 or 3.0 m, vhichever i3 the less . . e
NK requires that ¢ shall be measured from F,P, in all cases, LR admits that ; may be within »
the range of 0-08/, from F.P., 1f safety is assured for flcoding into the fore peak tank.
AB applies above | to all ships not less than 61 m in length. F.r.
- e_‘!e w | To be arranged at a suitable locatlon so as to enclose the shaft tube in one watertight - To be arranged at & suitable
u igg compartment. Special éonsideration 1s made by.AB, if such arrangement.is impracticable. location.
-l
5w
'g B 9% | To be arranged at the forward and aftward end of the machinery apace.
-
. L (m) L (m) Total No. 1 (m} © ), (m) Total No.
’ amidship afrer amidship | afrer
and Total No. and ) and . Total No. and
-] below above machinery | machinery below above machinery | machinery
E above below space space above below space
k]
= 67 3, 4 : 65 4 k| *
3 . , S 6l 87 3, 4 85 4 3
2 67 87 4 65 85 4 4
-
=) 87 102 5 85 105 5 5 87 102 5 85 105 5 4
ha) - x
n _ 105 | 115 6 5
u 102 123 & - 103 125 6 5
Y 115 125 6 6
x
w 123 143 7 125 145 7 6 - 102 198 B 125 145 é
Q -
. 143 165 8 145 :| 165 8 7 145 165 7
=]
= 165 186 9 { 165 190 9 8 165 190 9 8
g To be _ ’ 190 | 225 10 9
L investigat- To be investipated .
186 ed case by 190 ¢cage by case, 198 7 225 To be investigated
casc. . case by case.




Note) 1. * shows that the vessel with amidship machinery space. shall have
: four watertight bulkheads and that with after machinery space
three watertight ones.

2. MK,

when the space of hold bulkhcads exceeds 30 m, and LR, when

the hold is abnormally long, require to sustain transverse strength

by
3. In
i)

ii)

an appropriate way.
addition to the above requirements, AB recommends that

holds bulkheads shall be arranged to divide the hold into
approximately equal lengths. ,

The first hold bulkhead abaft the collision bulkhead shali be

" arranged within 0-2/. abaft the.stem.

iif)

4, AB

The first hold bulkhead forwaid of the after peak bulkhead shall
be about 0-2.L to 0-25/. forward of the after perpendicular.

requires that watertight bulkhead shall extend to a superstruc-

ture deck or an additional bulkhead shall be fitted forward and
aft of an amidship machinery space and forward of an after machin-
ery space when;

i)

ii)

iii)

the freeboard is less than 0-154 in the vessels of 102 m length
and below. :

the freeboard is less than 0-2d in the vessels of 133 m length
and above. .

{ (1.--102) x0-05

the freeboard is less than T

4+0-15) d in the ves-
sels between 102 m and 133 m. .

5. Following special requirements are made by NK for ore carrier

i}

ii)

(120m = 1.5230m)

Distance between longitudinal watertight bulkhead and side
shell plate shall not be less than 4L+500(mm)

Onée transverse watertight bulkhead shall be fitted forward of
the center .of the ore hold part, unless specially admitted that
the omission of said transverse bulkhead does not give bad
influence on the hull structure.

6. Regarding the tanker, take Table 35 into consideratidn as well.

7. No. of watertight bulkhead may be reduced by the approval of
classification society, if inconvenience is anticipated from the

operational standpoint.
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3.7.

Limitation of Tank Length and Width of Tankers by Classification

"Societies (1974) (Table 35) .
Table 35
Item Sy NK LR AB NV
Excessive
dynamic Generally
widEZroiank Not restricted ]| Not restricted ] stresses
= shall be be5:0-563
avoided.
éame as the
limication of ‘ ﬁxces§ive
p length of Not more than | €YRamic Not more ihan
' cargo oil tank zﬁziiszz
shown in Table 0-2L - 0-2L
32. avoided.
Tank
length For center
Egzk:egiﬁr tanks, not
inside tanks Not more than more than Not more than
1, | not more than 0-1L or l5m, 0-1L 0-1L or 12m,
’. 0-1L or 15m whichever is For wing whichever is
whicﬁever is" the greater. tanks, not the greater.
the greater. mé;%zzha“

Note) 1. L= Ship's length,
5, = Width of center tank

I, = Space between transverse oil tight bulkheads

L

b

= Ship's breadth

= Space between transverse oil tight bulkhead and swash
bulkhead or between two swash bulkheads.

R
-

2. LR requires that

i) Side transverses shall be fitted in line with the bottom trans-
verses in the transversely framed vessels at sides with the
depth over 11 m or with the tank length ( 4, ) over 15 m.

ii) Centerline vertical web shall be symmetrical on both sides of
the transverse bulkhead in the vessels with tank length
over 24.5 m (in case of corrugated bulkheads {, shall be over
25 m) and without continuous side girders in the center tank.

~ 1ii) The horizontal girdexs on the longitudinal bulkheads shall be
reinforced in the vessels with the breadth over 14 m.

iv) Special consideration on the structural arrangement shall be
- made in the vessels over 250 m in length.

3. AB may require the reinforcement of stiffeners and girders- in 1/3
of upper part of transverse bulkheads in the center tank in the
vessels with the tank length ( £, ) over 15 m (in case of corrugated
bulkhead, {, shall be over 12 m). ' :
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4, "STABILITY

4.1. Initial Stability - : - ——

4.1.1. Transverse Inclination

In Fig. 26 the ship is hecled to a very small angle ¢ and the volume of
displacement remains the same.

BM= /v, GM=KM—KG,

Moment of statical stability —AGZ~AGM sin @

where, .I = Moment of inertia of a water plane about the centre line
Vv = Volume of displacement
A = Displacement

' A
\ '
:‘1 4

\. .
y A / Gy \7 /\\'
!- - Gl ‘—‘——v‘l' . }«‘- (;.'/ \ *i'v
\_ . =y
K\
.9
Fig. 26 Fig. 27

4.1.2. Effect of Free Water
If there is a free surface of water in the ship as in Fig. 27, the virtual
risc of the centre of gravity is,

GG (p/pa) (i/V)
where, p = Specific gravity of liquid in the tank

Ps = Specific gravity of liquid the vessel is floating in
i = Moment of inertia of the free surface of the water in the taok

]

4.1.3. Effect of Hanging Body
The calculation can be made as the case of the centre of the gravity of the
hauging body being fixed at a hanging point. For example, as shown in Fig.
28 and Fig. 29, if the weight w is 1lifted from the ship's bottuw and swung
out to the ship's side, the shift amounts of the centre of the gravity of
the ship become;

w .
Yoy {cus asin B,

z—-%-(lsin ai m-

and the heel angle § is derived from  GZ~GMsin g = ycos @i rsin g

tan 0 ) fcu‘- a\:g»é__

A) . .
—GM 15|nc~H
w

IIY ~- 54



K
g e

VAN

f;;::rr-sind
/\"

Fig. 28

4.1.4, Inclining Experiment
In order to determine the vertical centre of the gravity of the ship,
weights of ballast w are shifted transversely y across the deck, as shown
in Fig. 30, and the angle of inclination to the upright & (normally between
the range from 0.2 degree to 1.0 degree ) is taken from the readings of
the plumb-bob, U-tube or clinometre, then KG can be obtained by the follow-

ing formulas:

GM"TﬁEaf'o_' tan 82 3/1 . e -

KGw= KM—GM

Generally, KM is obtained from Hydrostatic Curves

of the particular vessel on her mean draught, but r_"“*“_“j

if the trim of the ship is rather big, KM should r (?\ 3

be corresponded to actual draught of the experi- ' o\ 1 ’;bk
_ ment, otherwise the vertical centre of the gravity W A\PL,// |

of the ship might be misread.

—— > e
In the case of tankers or ore carriers, the /’/’,,I’P’Q§)
. -

. inclining experiment may be carried out by shife- P e

ing water ballast through connected pipes trans- o _/
versely by gravity between the both wing tanks in

port and starboard side instead of using the said Fig. 30

weights of ballast.

4.2. Statical Stability at Large Angles of Inclination
4.2.1. Formulas of Righting Lever and Dynamical Stability

Referring to Fig. 31,

Righting lever GZ——"%—h—h—'m—BC sin @

Dynamical stability =—aA (B,Z-BG)~4[ . GZd8

A{_"_(s.*‘?tﬂ'_"ﬁ_—ructl—-cos o |

ITII - 55



For a vertical wall-sided vessel A

L} - - ..
Righting lever GZ~ (GM-;-BM-"’; B)Siﬁ ] \'S:,
Dynamical stability -4 { GM'F—Qz‘\l-{—!—-ﬁ:—%ﬂ}(l’—cos 8
W W S\ s L
where, A = Displacement ~~ — ; #k
V = Volune of displacement LI B \Hs '
v = Wedge shaped volume k_ ‘)
g, 81 = Centres of gravity of the wedges | %
h, hy = Drawn perpendiculars to the new

waterline WiL) from the centres of Fig. 31
gravity of the wedges g, g;

4.2.2. Curves of Stability
We can obtain Fig. 32 by calculating righting levers and dynamical stabili-
ties for various angles of inclination based on a constant displacement and Af
a constant position for the centre of gravity.

In this figure, '§ «°
—_ o B o
ab = Area oac x 4, g b
#, = Range of stability, £
Angle of vanishing stability .2
GZuaz = Maximum righting lever b
Gusx = Angle of maximum stzbility N
, . O
4.2.3, Cross Curves of Stability o s Bane 57-3° Oy
Cross Curves of Stability is to be made by angle of inclination ‘\\\
the calculacions of GZ~A/A obtained by
means of the Integrator and using Fig. 32
Tchebycheff's Rule. A body plan is to be
prepared, showing the shape of the sectiens % : Slope of stability
at the distances from amidships required by. . curve at the origin

the rule. Displacements A and moments

about the centre line are converted by the multiplier of integrator from its
area and moment readings on the various waterlines of required angles of
inclination maintaining a constant position for the centre of gravity. In
the case, buoyancy (or displacement) of the body plan under upper deck,
superstructures and the structures on upper deck like the superstructures

is to be counted in. But in case of producing the curves of stability,
buoysney of the structures beyond rhe flooding angle of sea water shall not
be counted in. Therefore, it is convenient for designers to produce the
curves of stability for both cases of including and excluding the structures
on upper deck.

Note) The flooding angle of sea water is the angle of inclination when the
waterline comes to the coaming height of the opening with closing
device of which strength and the watertightness is not effective.

4.2_.4. Approximation of Stability

The following formula for approximate estimation of the righting lever GZ
for various angles of inclination is presented by KUWANO and SHIMADA.

G/l F {(8) at+ F.(8) b-t Fyr ) BNM-+GM sin 8
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where, @ = Dynamical righting lever at 90 degrees of inclination + BG
b = Statical righting lever at 90 degrees of inclination + BC
(Refer to Fig. 33)

“{®). F.(8), F118) are obtained from Table 36,
Approximate figures of a and ‘b are obtained from Figs. 33 and 34.

f in these figs. means an effective freecboard considering the effects of
sheer and camber of upper deck and

f‘(b*d)**%(Sr#S;%+0£3H

where, Si S.: = Sheers on forward and aft perpendiculars
H = Camber on deck ‘




;:::;\\! o | 1t | s | e s | et

"Fi(0) | o o | osiss | 12221 | 1o2835 | o | o
Fi(0) 0 0 |-0-21 |—0-4012 |—0-1967 o~3;:;--] 1-0000
Fyoy | o 0-0093 |—0-3148 |—0-8248 |-1-0380 |—1-0877 '~1-0000
6ind | o 0-2588 | 0-5000 | 0-7071 | 0-8660 | 0-959 i 1-0000

‘Maximum righting levet GZmar

HARADA.

is obtained from Fig. 35 and the same con-
sidering the effects of superstructures is proposed by WATANABE, KANOH and
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0
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Fig. 35

4,2.5, Various Causes to Affect Stability

{1) Influence of forms of ship {Table 37)

Table 37
Items | oM BM KB 62 GZure | 6o, Remarks
Forms
ncrease of _
L ¢ Increa.!Increa. - Decrea.| Increa.|Decrea.
bean
Increase of : . Constant D,

. Decrea.l Decrea.! Increa.| Decrea.| Decrea. - .
draught and lines
Increasec of .

Decrea, - - Increa.! Increa. lIncrea. C0n5ta?t under
freeboard waterlines
Increﬁgé-;f ] B

Decrea, - - ca. ‘ . rea.
sheer ea Incre Increa.|Inc
Increase of ‘ 1 I 1
flare - - - ncrea.| Increa.|Increa. |
Increcase of Constant hull "’

Decrea - - Decrea.! Decrea, | Decrea.

KG i form
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(2) Effect of wind

(a) Heeling lever by steady wind pressure

Do~0-76%10 V' AH/A (m)

where, A = Longitudinal projected area G7
of hull above waterline at
upright condition (sq. m)
H = Vertical distance between u B 6
the centre of A and the - N F‘H“Tkir“'
A Sl

centre of longitudinal ,
8 flooding a1g1c\\\

- — . f— o —

\

T

.projected area of hull

_ under waterline (m) //1 : of sea water
A = Displacement (t) . transverse angle
v = Steady wind velocity of inclination
(m/sec) | Fig. 36

(b) Heeling lever caused by gust
The Japanese Regulatioas for Ship's Stability assumes the velocity of gust
J1-5 times of the velocity of steady wind, therefore, the heeling. lever
caused by gust is assumed 15D, . (Refer to Fig. 36)

4.3. Japanese Regulations for Ship's Stability (1956 - Rev. 1968)
(1) Stability of passenger boat (Art. 11 Clause 1)
To fulfill the following conditions at any time;

1) GM>0. .

'"f-ﬂAnn&o-zuz(?—%)nb i

1) ©z.z i ¢
) : T (m) (No. 3 Format)

. wheré, GZ,= Righting lever at marginal angle of inclination a ( o fulfills
tan a~0-8tan g . B 1is the smallest of transverse angle of
inclination when deck edge is immersed to waterline, 20
degrees or flooding angle of sea water.)

A = Longitudinal projected area above waterline at upright posi-
tion (m?) '

"R = Vertical distance between the centre of underwater projected
area and the centre of A (m) '
n = Numbers of passengers of each compartment
o = Floor area of each compartment (m2)
p = Mean breadth of possib'e movemeat of passengers for each

compartment {(m)
A= Displacement (t)

But for the passenger boats engaged in smooth water area, it may be allowed
to use the formula of GZo—GMtana (m)

(2) Stability of passenger boats of coastal and deep sea service

- (Are. 11 Clause 2) »
In addition to the requirement mentioned in (1) above, it is requested
to fulfill the following conditions in any time (No. 4 Format).
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1) On the stability curves, area ABCU > Area BDL (Fig. 36)

where, DU, = Hiceling lever by constant wind = kAH/4 (m)

(A, Hand A are the samc as above, k is a constant defined
in Table 38.) |

6 = Anglc of rolling =  VISE7N(der), r-o-73+o-55§1.

OG = Vertical distance from the centre of gravity to waterline at
upright condition (m) (But if the centre of gravity is located
under water, the figure should have negative sign.)

d = Mean draught measured from the upper surface of keel for steel
vessels and the lower edge of rabbet of keel for wooden ves-
sels (m)

s=p—q7T. T = Rolling peri:d (sec), P and ¢ are constants
defined in Table 38. {(But in cases of s>0-1 or s<0-035
s=0-1, or s-0-035 respectively.)

N = Decrement constant = 0.02 {for normal vessel having bilge
keels) and figures defined by the Administration for other
type of vessels.

Table 38
Cruising Range Standard :;zd Velocity K ’ .
Ocean 26 0.0514 | 0.151 | 0.0072
Coastal 19 0.0274 | 0.153 | 0.0100
Inshore : 15 0.0171 0.155 | 0.0130

ii) GZma,= [0.0215 B or 0.275 m, whichever is the smaller] (m)

where, B = Ship's breadth measured between the outsides of frames for
steel vessels and the outsides of side plates for wooden
vessels at the widest part (m).

(3) Stability criteria for fishery boats should be referred to Clause 17
Cdtem 2 and 3.

4.4. Stability Criteria for Passenger Ferry Boats {Japanese MOT

Circular Ship Inspection No. 367, 1373) :
As for the stability requirement for passenger ferry boats, the_ above 4.3.
(1) and (2) should be applied with the following additional alternatives.

(1) It should be included that all the passengers are loaded on the upper-
most passenger deck at normal condition (only applying Art. 11 Clause 1).

244Au+m2uzur—£dn

2) s> — ——— m) No. 3 Format)
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(3) Table 39 should be applied instead of Table 38. (No. 4 Formar)

Table 39
. S Wi
Cruising Range tandard Wind Velocity & p e
. m/s
Coastal and above 26 0.0514 0.151 0.0072
Inshore _ 19 0.0274 | 0.153 | 0.0100

(4) Passenger ferry boats intended to cruise the coastal and above ranges
should have an angle of inclination (8 ) of not more ‘than 20 degrees at
fully loaded departure and arrival condition, but the boats with effective
anti-rolling system (refer to Ship Inspection No, 481, 31 (6}) or restrict-
ed to inshuie range may not follow this requirement,

4.5. IMCO's Resolutions about Stability (A. 167 (1968), A. 206 (1971))
IMCO adopted the following resolutions about the intact stability for the

passenger ships, cargo ships, and lumber carriers with deck leading having
their length under 100 m.

4.5.1. Stabihty Criteria for Passenger Ships and Cargo Ships '

(1) Area A up to &= 30 degrees
of GZ curves of Fig. 37 should

-0-30r
be A20:055 (m-~rad)

{(2) Area A + B, up to whichever cz 0-20 f
smaller angles of 40 degrees - /
or flooding angle ( #,) should {m) 7 .

" be A+ B20:09 (m-rad) o-101 4 7
J N .
(3) Area B, between §=-30 NN \A
degrees and whichever smaller | 0 10 20 30
angles of 40 degrces or 4, .
should be Bz0-03 (m- rad) angle of inclination 8 (%)
(4) G7=20-20m at 8230 degrees A ) Fig. 37

(5) Angle of maximum stability should be Onor=25 degrecs, preferably 30
degrees and over,

(6) GM20-15m
4.5.2. Stability Standard for Lumber Carriers with Deck Loading

(1) Area A, up to 40 degrees or &, whichever is the smaller on GZ curve
in Fig. 38 should be A430-68 (m-rad) '

(2) GZaai20-25m
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(3) GM>0 at any time in 0-30
crulsing condition. [

GM:0-10 in departure 0-25
condition, Gz 0-20 -
In these cases, water absorp- (m)
tion (10 percent in weight
is to be increased at arrival 0-101 A
condition) and icebound should -\\\
be considered.

»

yyyyyy)
/

) 1 1 L

0 10 20 30
(4) Range of on-deck cargo . Y
Longitudinally it should be
luaded between superstructures
and transversely on full Fig. 38
breadth.

=
&
g

r
angle of inclination o (")

(5) Influence of on-deck timber

When GZ curve is prepared, the buoyancy of timber may be included assuming
the deck timber have a water absorption rate of 25%.

4.5.3. Additional Criteria for Passenger Ship

(1) Angle of inclination caused by a movement of passengers should be not
more than 10 degrees. Shifting moment made by the passengers should be
considered to the actual worst condition but it is not necessary to calcu-~
late on the rate of more ‘than 4 persous/sq.m.

(2) Angle of inclination caused by ship's turning should be less than 10

degrees, however, heeling moment M, caused by the turning should be calcu-
lated by following formula: '

Ma=0- oa-VL—'-A(KG—-—-)
"Service speed (m/sec) ' .

- where, V,=
: L = Length on loaded waterline (m)

4 = Displacement (t)

d Mean draught (m)

KG = Height from keel to the centre of gravicy of the vessel (m)

i1

4.6, Instant Judging Method of Srability of Smaller Vessels
(1) G7Z.,, should be located over the limited line in- Fig. 39.

(2) When GZuax is unknown, all of KG, GM, and S (freeboard} should be
located in a better position than limited line in Fig. 40, 41 and 42
respectively.
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4,7. Damaged Stability
Damaged Stability Regulations are settled for special vessels, ocean going
passenger vessels, passenger ferry boats and tankers which LLC 1966 should

be applied to. .(Refer to 2.7, 3.1, 3.3 and 3.4)
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Some of the influential regulatidns on tonnage measurement  (including ——— -~——
canal regulations) are listed in the Table 40.

5. TOKNAGE ADMEASUREMENT

In this Section 5, except

otherwise referred to, the regulations and rules stipulated by Japanese
Law of Tonnage Mecasurement of Ships, the Regulations of Tonnage Measure-~
ment of Ships and the Guideline for Tonnage Measurement of Ships are

introduced.

Table 40 Influential Tonnage Regulations and the Applying Governments

Tonnage Relevant Law,
Regulations Regulation, etc. Applying Covernment
Law of Tonnage Measurement
of Ships.
Regulations of Tomnage
Measurement of Ships
Japanese (register length = 20 m). Japan, South Vietnam*, Iran*,
Regulations ]Simplified Regulations of Singapore*
Tonnage Measurement of Ships :
(register length < 20 m).
Guideline for Tonnage
Measurement of Ships.
. United Kingdom ard the British
gz;zgzzioﬁgfpping (Tonnage) Commonwealth of Nations,
British T M rement of Republic of South Africa¥*,
Regulations onnage fleasu em 0 Greece*, India*, Hong Kong¥,
Ships (Instruction for * {a%. B 1%
the Guidance of Surveyors) Taiwan¥, Jug051?v1a , Brazil®,
. Singapore*, Pakistan¥
Cambodia, Central African
Republic, Denmark, Federal
Republic of Germany, Finland,
o France, Tceland, Israel, Norway,
slo : . d, Gab "Republi
Convention International Regulations Poland, Gabonese Republic,

‘Regulations
(Intevuational
Regulations)

for Tonnage Measurement
of Ship

Republic of Senegal, Sweden,
Malagasy Democratic Republic,
Netherlands, Republic of Ivory
Coast (aboves are member govern-—
ments of the Oslo Convention),
Brazil*, Portugal*, Bulgaria%*,
Somali Democratic Republic*

United States
Regulations

Regulations for the
Measurement of Vessel

U.5.A., Panama*, Liberia*,
Honduras*, Philippines*

Panama Canal
Regulations

Panama Canal Tonnage
Regulations

Suez Canal
Regulations

Suez Canal Tonnage
Regulations

Note) 1. * shows the government which has applied the captioned regula-
. tions or whose own regulations are, in principle, same as the
captioned regulations, -
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2. For the detailed interpretation of above Japanese Regulations
the "Detailed Interpretation on the Tonnage Measurement"” (for
ships not less than 20m in length) is stipulated and effective,

$.1. Definition of Terms for Tonnage Measurement

(1) Tonnage capacity

Inner capacity of a ship used for tonnage calculation. Unit in w3 (Japan,
International Regulations ete.) or ft* (British, U.S.A., Internation-

al Regulations etc.) is used. To Suez and Panama Canal Regulations ton-
nage capacity calculated by the regulations of each registry government
of a ship is applied. '

{(2) Tonnage .
Tonnage capacity Sm') x0-353, or
Tonnage capacity (ft*)< 100
(3) Upper deck, tonnage deck
(2) Upper deck is the uppermost complete deck., In a ship with a raised

quarter, the assumed extended surface of the upper deck parallel to the

raised quarter is taken as the upper deck.

(b) Tonnage deck shall be the upper deck in a ship with one or two
complete decks, and the second lowest deck -in a ship with three or more
complete decks (Japan, U.5.A.). The upper deck and the second uppermost
deck shall be taken as the tonnage deck in a ship having one complete
deck and having two or more complete decks respectively (British, Inter-
national Regulations, U.S. Dual Tonnage).

5.2. Gross Tonnage, GT
5.2.1. Spaces to be included in gross tonnage

(1) Spaces below the tonnage deck
(2) Between deck spaces above the tonnage deck
(3) Enclosed spaces on the upper deck

5.2.2. Spaces below the upper deck

(1) Spaces below the tonnage deck
Generally, the volume of spaces is calculated by use of Simpson’s Rule,

{a) Bottom structures
Spaces below the floor plate of a single bottom ship and the double bot-
tom spaces are exempted from inclusion in the gross tonnage. However,
the height of the floor plate and the double bottom, except in the main
engine room, should be within the standard height prescribed by the
length of tonnage deck except for application of U.S. Regulations which
have no such restriction. Double bottom spaces with height exceeding
the standard height shall be taken as single bottom structures (British
and International Regulations). :

‘The exemption of following spaces should be carefully confirmed according

to the Regulations to be applied,

Spaces of hopper shaped double bottom extended to the ship's side shell
plate. oo - : e -
Spaces of double bottom of a ship with double hull.
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Spaces of double bottom located between the longitudinal side bulkheads.
In case of a ship with double bottom of longitudinal frame system and the
American Bureau of shipping measures the tonnage on behalf of U.S. Govern-
ment pursuant to the U.S. Regulations, the loweést division point of depth
shall be top of the bottom longitudinal frames.

(b) Ceiling and sparring
Spaces outside the imner surface of continuous side ceiling or sparring
with batten aperture of 30 ¢m and below or the spaces below the upper sur-
face of the bottom ceiling are exempted from inclusion in the gross ton-
nage provided that total thickness of such ceiling and sparring together
with the joist does not exceed 7.5 cm. British, U.S. and International
Regulations allow the thickness or joist not to be included in that of the
ceiling. _

(c) Divisional measurement ‘ '
Where there is a step exceeding 15 cm between the adjacent double bottoms
or the double and the single bottems, the ship length is divided inte two
parts at the stepped point and tonnage is measured separately for both
sides of the stepped point. Divisional measuremeunt is not applied to the
single bottom structure ner to aft and fore peak tanks and the end space
of the tunnel recess.
To measurement of under deck tonnage by Suez Canal Regulations, the divi-
sional measurement is not applied.

(d) Additicn to or deduction from under deck tonnage .
The locally irregular spaces such as convex and concave of the double
bottom for installation of engine bed for an internal combustion engine,
bulbous bow, jut of the cruiser stern, convexed and concaved part of
slipway of a whale factory ship are calculated independently and added
to or deducted from the under deck tonnage.

{e) Rise of floor

In 2 tanker or an ore carrier etc., generally, the breadth of the hori-
zontal part of the bottom, shall be taken as the breadth at the lowest
division point of depth. However, some of the Regulations has special
requirements on the minimum rise of floor and special attention should be
paid to this fact (ex., According to the British Regulations the breadth
at the lowest division point of depth is measured neglecting the rise of
floor if such rise of floor is less than 1/120).

(2) Between deck spaces above the tonnage deck and under the upper deck
.Toanage measurerent is done in a manner different from that for the under
deck tonnage measurement, but basic rule applied is the same Simpson's
Rule. :

5.2.3. Enclosed Spaces on or above the Upper Deck

(1) Superstructures, deck houses etc.
All structures on or above the upper deck bounded by ship's hull, bulk-
heads, decks or covering plate except the "exempted spaces” mentioned in

(3).

(2) Excess of hatchway .

If the aggregate tonnage of all the hatchways on or above the upper deck
exceeds 5/1000 of the gross tonnage, exclusive of the hatchways, the
excess over 5/1000 is added to the tonnage of the enclosed spaces on or
above the upper deck. Hatchways on or above thec upper deck opened to the
spaces mentioned in (3) are not taken as hatchways.
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(3) Exempted spaces in the enclosed spaces on or above the upper deck
(Table 41)

Cenerally, the exempted spaces are as follows except by Suez and Panama

Canal Regulations.

(a) Engine room 4
Inner spaces of engine casings or decoration funnel not used for other
purposes are exempted. However, the space in the engine room on the
upper deck may be added to the gross tonnage, partially or in full, by
the application of the ship's owner only in case the net tonnage 1s de-
creased., The summary of this addition is as follows:

1) In case the initial ratio of the-actual tonnage to the gross ton-
nage (p.p. space/GT)} is smaller than 0.13, the addition is allowed up to
an extent that the p.p. space/GT after addition is slightly over 0.13,

ii) In case the initial p.p. space/GT is 0.13 and over, the addition
is not allowed except that p.p. space/GT after addition exceeds 0,20.

{11) In case the p.p. space/GT after addition exceeds 0,20, 311 or a
part of the spaces in the engine room may be added.

(b) Machinery spaces for miscellaneous machinery (other than the
engine room) .
"Miscellaneous machinery"” means machinery used for steering, anchoring,
mooring, auxiliary boilers and machinery independent from the main engine
dn their operation, factory machinery of a whale factory ship, deck
machinery and accessories (control equipment) and so forth. Spaces for
these miscellaneous machinery are exempted in whole if such spaces are
clearly distinguished from other spaces or partially if not distinguished
clearly and spaces occupied by the machinery are exempted.

(c) Wheel house
Spare wheel house, chart space in the wheel house are included in the-
wheel house. An independent chart room may be exempted by some Regula-
tions (ex. British, International Regulations).

(d) Galley

(e) Entrance room .
Spaces-above the openings for stairways leading to the lower decks,
protection spaces for the stairway openings and the spaces above the
stairways leading to the upper decks. However the British and Y.S.
Regulations do not allow to exempt the spaces above the stairways lead-
ing to the upper decks.

(f) Cargo hold
Dry cargo hold spaces are exempted from enclosure in the gross tonnage,
but the spaces, like expansion trunks for a cargo tank of a tanker, for
bulk liquid or gas cargos such as oil or chemicals are taken as gross
tonnage spaces.

(g) Stores for articles for ship
Deck stores, machinery stores, electric stores and the like,

~ (h) Workshop
Work shop in machinery part, carpenter's shop and the like.

(i) Fish treatment spaces
Spaces for processing fish. -
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fable 41 (eoatinued)
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Teble &1 (continued)

Tunnage Repulations Japim l Oslo Convention . Brittah u. S. Panama Conal Sucz Canal
on oc un or or on or on or on or 3
Spacey .|hu‘l'v u"d"; Kl above ' “:“h:; ¥ :::0\ l mdedr K atove Mde; % wbove \mde; " ahns\e wder
. unn- “““"‘“N’Q' e lupper dechiupper dac uppe £ 'Lt‘il'x'p"' etk | nner decklupner decki o paelubper deckl, o gacrpirrer deck
Fire puwps | o= - G —|=— o G - - G -— - - G - ! G - G - G — G -
Cup butcle roums fur [ire tishting =T ¢ == =1 ¢ == <=J¢ = =—<]6 =] —|6 —|6 —| G —
~u, (N AU Ve UL TEGST, a LETCond e o e T ~F = — — e ~
wltor uvn-“ e retal_ue ' [haniiiianes __9 - - __C} - 1 = G - - - G - G G - G -~ __G -
(Yur uﬂl-m'rtidl ‘Ht’) * . G N - = __G N - G N - - G N G N __G N __(_; N .G N
](elrl.mrnor ((or non- commercial uu) —_ = |G == =G =~} = =|G . - - =1 G -1G -G - G —| G -
____" (lor«.om-ral-nlunﬂ) —~ —| G N|]— —[G N|=-— —|G N|=- —-|]G N|G NI G N|G NIG N
Accensories of cargo vinchus —_— I G N|l— —|{G N|= —-|G N|—~ —=1!G N-‘ G N G N G NIG N
TFae tory Cac {LiTTen” {of vhinle “Factety — T et - — - | -
oo 1o G_N G_N G _N G N|G N|.G N|G N|G
tugine room (under \l(‘rc'f alec\l) G"‘ *10 G" *10 G‘- *10 G"‘ *10 G"’ *le G - 10
T lneTronn eanl e — RN - —-— . -
('ir':l er n_supeestroetore) LI -— .ll-: G— *io G— n.o_
- — i — - - m - - —
favcond tter mn\.n'vnvn LU auput'l‘t_rnf(urw)_m_.' " ! i oo -— i - ' . G ele
(“11‘(’ tiee In derck h.m--f) — w1l '-! — - T~ - - bt G“- wie
— MR GREa
(eevsmd_tler and above In deck houu) — il —' - e -— e - %1 .._‘ - - - -
Note, W] A colferdan e exempted from faclualon in tounage by Jepanese Regulations and, by other regulatfons,
Ctpeated ae 4 ballant tank eely when Lt (6 uned (oe clean ballant tank,
2. 7o e treated as erew H repintered as licrnned mariners, . .
tacowe tonnswe of hiatchvayn, {.¢. tesldual tonnage after oubtu;:lln. $/1000 of the gross tonnage of
G the ship exciudlng hatehw iyn from the tonnage of the hatchways, s to be added to tiiw xross tonnage.
N 1) Deduction of the spaces below the upper deck depends upon use thereof, -
81 Suez Canel Regulations require the draln tunk for lubricating ofl {n the double bottom space be trasted
as a part of engine room aud the tonnnge thercol be lncluded in CT.
2 Mamtaum deduction ls limited by CT,
B 43 To be treated as passage.,
o4 Cenerally, deductud in nonepasmenger ships and not deducted in passenger shipe,
4y Cenvrally, encepted {n nonepannenget ships and not exempted in passenger ships,
4 Limtted by tonnage of thye crew's voom,
Al Cencerally, *6 1 applied to noun-pansenger shipe, and not deducted in passenger ships.
«8 Maximum allowah e volume ‘tn relation to CT eny be included In the engine roon,
*y  Muximum deduction {s limited by tonnage of the engine room, .
o1 In'duction to he calculated in accirdance with the ratio of tounage of the englne room snd CT.
!l To he treated as a part of engine room below the upper dock tf included tn CT.
*12 Passenier ruoms and ownet's roums on the superstructure deck are excspced,
a1} Londltlone fur deductfon of pansuges deponds upon sach Regulation,
214 Chlef vonglneer’s offlce only (s deductud,
15 Some crvv'e rooms As puspman’s room or deck store keeper's room are not deducted,
16 To ba deducted In powscager shipe,



(3) Lavatory
If lavatory equipment is provided in bath room or washroom, the spaces -
for lavatory usec are taken as the lavatory. Som regulations treat wash-
room and bath room for the captain and the crew as lavatory (ex., British,
Intermational Regulations).

‘(k) Radio room .
Radio room includes the apparatus for wireless communication. Some rules
do not allow the exemption (ex., U.S. Regulationms)

(1) Spaces for emergency, fire fighting and sanitary equipment
Spaces for gas generators for fire extinguishing or sterilizing, air
conditioning unit, distiller for drinking water, teleplione operating
machine search light etc. :

5.3. Net Tonnage, NT .
Net tonnage is obtained by subtracting from the gross tonnage the tonnage

of all deducted spaces. The summary deducted spaces are as follows,
{Table 41)

(a) Mariners' daily rooms

Mariners are the captain and other crew registered in the Register Book

of Mariner who are paid salary or other compensations for their labor.
Mariners' daily rooms are captain's rooms, crew's living rooms, bed rooms,
mess rooms, galleys, washrooms, bath rooms, lavatories, hospital, dispensary
etc. and the attached passages or light and air spaces for these spaces.
Provision stores are generally taken as mariners' daily rooms but some
Regulations restrict the deduction (ex., British, International Regula-
tions) or do not allow the deduction at all (ex., U.S. Regulations),

(b) Chart room
Some Regulations allow the deduction of the chart room (ex., British,
International Regulations).

(¢) Ballast tanks, cofferdams
Déduction depends on each Regulation (Table 42). :

(d) Spaces for steering equipment, mooring equipment, windlass and
their accessories '

(e) Spaces for bilge pumps, ballast pumps and auxiliary machinery
connected thereto and auxiliary boilers.

(f) Spaces for fire extinguish pumps, gas genmerators for fire fighting
and sterilizing, distillers for drinking water, fire alarm equipment and
emergency electric source for radlo equipment.

(g) Boatswain's stores ??
Boatswain's stores are stores Table 43 Deduction Limit for a
for deck articles, covers Boatswain's Store (Japan)
sheaves, ropes, accessories
of life boats, life saving
appliances. There exits a " Gross Volume V " Max. Deduction
l1imit of deduction which
varies depending on the

Unit: m3

400 >V 8
- Regulaticns. (Table 43
gulatien (Table ) 1400 > V" > 400 V> 0-02
28001221200 ‘ 28
' V<2800 ' x0-01(=213)
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Table 42 Comparison Table for Treatment of Ballast Tanks and Cofferdam

b4 1
Regulations Japan (J.C.) (o;?ﬁeégﬁﬁiﬁﬁ;n) British U, S. A, Panama Canal Suez Canal
T
‘To be used only for To be used only Same as International | To be used only for Same as International
| ballnsting., Fore & aft |for ballasting. Regulacions ballasting (Including | Regulations
Purpose peak tanks may be used |Fore & aft peak . cofferdams) ___
P for loading fresh wacer |tanks to be treated
exclusively or alterna- [same as J.G. (In- '
tively with sea water, cluding cofferdams)
To be equipped with Dinmeter of the Diameter of the pump~ | To be fitted with To be served only for
pumping devices with pumping pipes to ing pipes to be appropriate pipings ballast tanks and
. appropriate capacity. be 2-1/2" (64 mm) |normally 2-1/2" or and connected only independent of other
Pumping Ballast pumps may be or over, over. to ballaat tanks and pumping system. —_—
devices” scrved also for bilge To be independent' |To be independently independent of other
water discharging, fire |of other pumping used for ballas: pumping system,
extinguishing and system. tank,
gencral service.
To be 0.46 m2 or less |To be 4.91 ft2 To be 4,91 ft2 (0.46 |Diameter to be 24" or |To be 4.91 ft2
Size of (Openings to be equip= | (0,46 m2) or less, |m2) or less with max. |less, Coaming with (0,456 m2) or less, or
manhole ped with direct closing diameter up to 30"(760| height 6" or less may be | the diameter to be 30" —
device), mm) . Two manholes may |allowed except on the | or less in case of a .
be allowed at most. weather deck, ecircular hole, '
If the total capacity 192 of CT (includ- |Same as International | Approval to be requir- | No restriction R
of ballast tanks {s ab- | ing the exempted Regulations ed in case of over 302 )
normally large, the double bottom of GT.
nccessity of such large |ballast tanks), .
’ capacity shall be care~ -
- Restriction | ¢ 1)y studied from the -
view point of safety of
the ship in connection
with its purpose bdefore
approval,
Exemp :1on for No exemption
Treatment Deduction the spaces above Same as International | Exemption and no

.

the upper deck,
Deduction for
other spaces,

Reguations

Deduction

.

deduction




(h) Engine room )
Deduction for engine room is decided by the p.p. space/GT as shown in
Table 44. The actual tonnage of the engine room is obtained by subtract-
ing from the whole tonnage of the engine room spaces (machinery room,
bofler room, boiler room bulkheads, shaft tunnel, escape trunk etc.) the
tonnage of the spaces for the undermentioned machinery or auxiliary
boilers which are not used for propulsion of the ship. Suez Canal Regu-
ilations and Panama Canal Regulations have their own stipulation on the
deduction of the engine room and auxiliary machinery which are quite
different from other Regulations, for which special attention should be
paid. o

Table 44 Deduction for Engine Room

P-nngéiffﬁi— Deduction Remarks
. Z 32
0-132p P-p- spaceX -y In no event the deduction
— - shall exceed 55% of tonnage
0:20>P>0-13 GTx0-32 obtained by subtracting from
- GT the deduction tonnage other .
Pz0-20 P-P- sp,cex‘_} | than for engine room.

1) Boilers for exclusive use for heating the accommodations.
11) Switchboard or distribution panel for electric generator etc.
independent of the main engine and its auxiliary machinery.

11i) Refrigerators and their accessories.

iv) Distillers for drinking water, pressure tank for fresh or sea water.
v) Bilge pumps, ballast pumps, fire pumps etc..
vi) Cargo oil pumps and their drivers.

vii) Miscellaneous storage tanks (for fuel oil, boiler water, fresh
water, lubricating oil etc.). Tanks involved in the circulating
systems for the main engine are included in engine room. .

viii) Fuel oil settling tanks provided that their capacity for fuel oil
of up to two day use is included in engine room. The calculation
of capacity for fuel oil of two day use depends on each Regulation
(Table 45). - :

ix) Machinery stores, work shop, electric stores provided that capacity
up to 0.75% of GT is included in engine room.
x} Other stores than above.

Table 45 Fuel 0il Consumption of Two Days (Japan) m3

Reciprocating engine ' : IHP x 0¢.0200
Turbine engine SHP x 0.0150
Diesel engine o ‘ BHP x 0.0104.
Turbine electric engine ) SHP (of propulsion motor) x 00,0160
Diesel electric engine S SHP ( v ) x 0.0120

IHP, SHP, BHP: Maximum continuous output (PS) of main engine
~ (propulsion motor)
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5.4. Tonnage Marks

Most of the Regulations, except Canal Regulationq, have become to apply
"tonnage mark”™ system instead of so called "tonnage hatch" system to
ships having two or more complete decks which. has two systems as follows:

5.4.1. Method of Single Lower Tonnage with Regard to Full Load Line
(Japan)

(1) Full load line

The designated level of statutory full load line should be lower than the
level calculated on the basis that the "second deck” (the deck next below
the uppermost complete deck) is the freeboard deck.

(2) Treatment of tonnage .

Tonnage is calculated assuming the second deck the upper deck (lower ton-
nage) because the loadable capability of a ship in consideration of
height of the full load line 1s approximately same as that of a conven-
tional open shelter decker.

5.4.2. Optional ‘Dual Tonnage Method by Tonnage Mark Table

(1) Dual tonnage method

In ships having two or more complete decks, both higher tonnage (= tonnage
normally measured by placing tounage mark) and lower tornage (tonnage )
mentioned in 5.4.1) are registered by certificate of measurement,

(2) Identification of tonnage mark

The location of the tonnage mark is decided in accordance with the tonnage
rark table. Namely, the distance from (molded line of) the second deck
to the tonnage mark is measured based on the length of the second deck

and the ratio of the length of the second deck to the depth of the second
deck. The level thus determined is approximately of same height of the
full (assigned) load line determined on the ba51s of the second deck being
the freeboard deck.

(3) Treatment of dual tonunage

The assignment of the optional dual tonnage for the basis for application
of laws or regulations or imposition of various duties depends upon the
each Administration, however, a ship may be assigned dual tonnage as
follows:

i} A higher tonnage applicablc when the tonnage mark is submerged, viz.
in condition of deeper draft than the level of the tomnage mark.

ii) A lower tonnage applicable when the tonnzge mark is not submerged,
viz. in condition of shallower draft than the level of the tonnage mark,

5.5. International Convention on Tonnage Measurezment of Ships, 1969

By the year of 1978 or 1979, the captioned International Convention,
instcad of the conventional Regulations, is expected to come into force
as the standard Reguiations to be commonly used in the world. Japanese
Government (J.G.) is preparing, as of October 1974, for ratification of
the Convention together with-stipulation of corresponding domestic laws
and regulations. Hereunder are the surmmary of the Ceavention. It is
notable that the contents of this handbock is subject to change at the
time of stipulation of the Japancse domestic laws and regulations,
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5.5.1. Application (Table 46) (Article 3, 4)

Table 46 Application

Navigation area

International voyages*l

(Not applicable to ships solely navigating ‘the

Creat Lakes of North America and the River St.
Lawrence, the Caspian Sea or the Plate, Parana
and Urguay Rivers.)

Length of ship

Not applicablerto ships of less than 24 m
(79 fr)*2 .

Type of ship

New ships

Not applicable to ships of war.

When built

Time of application

Existing ships

When and if the owner requests
so, (if not, as per below
Within 12 years | mentioned) or at the time of
after effectua- | alterations or modification
tion of the in large scale which the
Convention Administration deems to be a
substantial variation imn their
existing gross tonnage.*3

After above Applicable to all ships which
grace period shall be remeasured.

%] May be applicable to ships not engaged in international voyages.
%2 The simplified Regulations for Tonnage Measurement of Ships to be
applied to ships of less thamn 24 m in length.
*3 Followings are the alterations or modifications in large scale.
o Elongation, shortening or deepening of ship's body. _
e Extension, shortening, removal and addition of superstructures
including deck houses. -
o Modifications and new installation of hatchways.
o Change in assigned full load line.
o Modifications or replacement in the cargo holds or stores for ship
. articles. ’ '

5.5.2. Definitions of Terms (Table 47) (Article 2, Regulations 2, 4)

Table 47 Definitions of Terms

Term

Definition

.

Length

0.96L" or L*

whichever is larger.

|
: GFSD’

=

_L’___--
-

- L

D the least molded depth
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Term Definition

Maximum breadth of ship, measured amidships to the molded line

Breadth of the frame.

Ships with normal form Ships with round gunwale

upper deck upper deck

Molded |
depth

\ | _Ji

St wed - 3 -

v roke o

(For reference, definitions of the molded depcth for wood and
composite ships or ships having a lower part of the midship
section of a hollow character are also given.)

Ships to which LLC is Assigned summer load line (except
applied timber load line)

Passenger ships engaged i} The deepest subdivision load line by
in internaticnal voy-ges | SOLAS or other international agreements

Molded | Ships for which the load
draft line or permissible

ldrafe is assigned by Assigned summer load line .or maximum
Japanese Regulations | permissible draft by J.G.

though LLC is not

applicable

Other ships than above 75% of the molded depth at midship

The uppermost complete deck exposed to weather and sea, which has
permanent means of weathertight closing of all openings in the

- weather part thereof and below which all openings in the side of
Upper . . . .

deck the ship are fitted with permanent means of watertight closing.
In a ship having a stepped upper deck, the lowest line of the
exposed deck and the ccntinuation of that line parallel to the
upper part of the deck is taken as the upper deck.

5.5.3, Gross Tonnage, GT (Regulation 3)

The gross tonnage (GT) of a ship shall be determined by the following
formula:
GT-—K,V

Where, Vv = Total volume of all enclosed spaces of the ship in cubic

meters
Kl“ 0:240:021ngn v
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(1) Enclosed spaces (Regulation 2) X

All those spaces which are bounded by the ship's hull, by fixed or port-
able partitions or bulkheads, by decks or coverings other than pé}manent
" or movable awnings. ‘ '

_Treatment for the weather parts is as follows:

(a) Funnels, skylights, fan house, entrance rooms, companion‘s hatch
etc. are included in enclosed spaces.

(b) Ventilators, cargo oil pipes, electric cable trunks, masts,
derrick posts etc. are neglected in tonnage measurement.

_ (c) Deck cranes and the like are not taken as a part of the ship‘s
‘body. a

(d) Small tanks, miscellaneous store boxes etc., which are fixed to
the ship's body are included in enclosed spaces except those of volume
of less than 1 m3 which are neglected in tonnage measurement.

(2) Excluded spaces (Regulation 2}

The spaces referred to in following {(a) - (e) are called excluded spaces
and are not included in the volume of enclosed spaces, except that any
such space which fulfils at least one of the following three conditions
(1) (11) (111) are treated as an enclosed space.

(i) the space is fitted with shelves or other means for securing cargo
. or stores, L o : '

(ii) the openings are fitted with any means of closure (steel doors,
steel grid doors, temporary wooden plate cover for tonnage open-
ings etc, are taken as means of closure).

(i1i) the construction provides any possibility of such openings being
closed. -

(a) A space within an erection opposite an end opening extending from
deck to deck except for a curtain plate of a depth not exceeding by more
than 25 millimeters (one inch) the depth of the adjoining deck beams,
such opening having a breadth equal to or greater than 90 per cent of the
breadth of the deck at the line of the opening of the space, The treat-
ment of the spaces to be excluded under this provision is as follows:

i) A space between the actual end opening and a line drawn parallel
to the line or face of the opening at a distance from the opening equal
to one half of the width of the deck (B’) at the line of the opening
shall be excluded from the volume of enclosed spaces provided that the
breadth of the opening at a distance M B’ from the end opening is equal
to or greater than 0.9 B". (Fig. 43 (1))

11) Should the width of the space because of any arrangement except by
convergence of the outside plating, become less than 90 per cent of the
breadth of the deck, only the space between the lire of the opening and
a parallel line drawn through the point where the athwartships width of
the space becomes equal to, or less than, 90 per cent of the breadth of
the deck shall be excluded from the volume of the enclosed spaces.

(Fig. 43 (2), (3}, (4))

{1i) Where an interval which is completely open except for bulwarks or
open rails separates any two spaces, the exclusion of one or both of
which is permitted under sub-paragraphs (a) (1) and/or (a){ii), such ex-
clusion shall not apply if the separation between the two Spaces is less
than the least half breadth of the deck in way of the separation. (Fig.
43 (5), (6)) ' T o ‘
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(b) A space under an overhecad deck covering open to the sea and
weather, having no other connexion on the .exposed sides with the body of
the ship than the stanchions necessary for its support. In such a space,
open rails or a bulwark and curtain plate may be fitted or stanchions
fitted at the ship's side, provided that the distance between the top of
the rails or the bulwark and the curtain plate is not less than 0,75
meters (2.5 feet) or one-third of the height of the space, whichever is
the greater. (Fig. 43 (7))

(¢) A space in a side-to-side erection directly in way of opposite
side openings not less in height than 0.75 meters (2,5 feet) or one-third
of the height of the erection, whichever is the' greater. If the opening
in such an erection is provided on one side only, the space to be exclud-
ed from the volume of enclosed spaces shall be limited inboard from the
opening to a maximum of one-half of the breadth of the deck in way of the
opening. (Fig. 43 (8)) :

(d) A space in an erection immediately below an uncovered opening in
the deck overhead, provided that such an opening is exposed to the weath-
er and the space excluded from enclosed spaces is limited to the area of
the opening. (Fig. 43 (9))

(e) A recess in the boundary bulkhead of an erection vhich is exposed
to the weather and the opening of which extends from deck to deck without
means of closing, provided that the interior width is not greater than
the width at the entrance and its extension into the erection is not
greater than twice the width of its entrance. (Fig. 43 (10))

Note) In Fig. 43 (1) - (10), the following abbreviation is applied:

0 = Excluded space, C = Enclosed space
I = Space to be taken as an enclosed space
Hatched part = Space to included in enclosed spaces
I’ = Breadth of the deck in way of the opening. In ships with
rounded gunwales the breadth is measured as indicated in
Fig. 43 (11). ' '

4 . B
'"'*'r- R 7
Ay ——-—-—r__
T B

0

] | o /C —[ i
B so9w —-55, B S095-T7
| L Z0-9H -l l<0.'9[f
Ik, LS

(1) Excluded space {2) Excluded space (3) Excluded space

g B
=7 Sl Ry
7 T
[133: 014 <0G N <09
Ll/ £ N
L] r

W open rail
or bulwark

Copen rail
or bulwark

hatch opening

or structure

(4) Excluded space (5) Excluded space * {6) Excluded space
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(" | [ ’ to be T ac g?ﬁc
A - —3 closed ‘(]h hL?

J/// at sidé{H
L 3% | 257 / 1 L 1cngth of"‘ ;

[2)

‘A to be not less than H/3 or
0.75m (2.5ft) whichever is -

the greater

(7) Excluded space

excluded space

A to be not less than H/3 or 0.75m
whichever is the greater

(8) Excluded space

symmetrical side
openings at each side

opening at
one side

.

P LY RRpUpRp. B

-

(8) Excluded space

ABCD is the opening on deck.
ABCDEFGH is excluded from

closed space. .

(9) Excluded space

.

ship with round gunwale

7

=
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Ly<2w,
[} “'3

T; . radius radius
J e 1 - v
- Rdeck B R

r;

!

{10) Excluded space

(11) B’ of the ship with round

Fig. 43 gunwale .

5.5.4. Net Tonnage, NT (Regulation 4)
The net tonnage of a ship is determined by the following formula:

kv (Y 4k, (N
NT-K, V. 31))‘*_"‘-?(‘\-'"*'?6'

) 4d ,
.where, . -ﬁ)—)SI. K.V,

and where, Vc=

K,—0-2+0-02 loga Ve

D

d

N,
- A"
N."f‘ A’. =

o u ot

2
4d e N
33)20»2301. NTZ0-30GT

Total volume of cargo spaces (m3) ‘
go spaces 9 Grr10000
)
Molded depth amidships 10 000
Molded draft anidships
Nuzber of passengers in cabin with not more than 8 berths
Nuzher of othar passengers

Total number of passengers the ship is permitted to

~carry as indicated in the ship's passenger certificate;

when XN,+ N, is less than 13, N, and N, shall be taken
as zero. ‘
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(1) Cargo spaces (Regulation 2)

Carge spaces to be included in the computation of net tonnage are enclosed
spaces appropriated for the tramsport of cargo which is to be discharged

_ from the ship, provided that such spaces havé been included in the compu-
tation of gross tonnage. Such cargo spaces shall be certified by perma-
nent marking with the letters CC {Cargo Compartment) to be so positioned
that they are readily visible and not to be less than 100 mm (4 inches)
in height.

The volume of the cargo spaces is measured in following manners:

(a) Trunks, bilge well and permancnt ballast are excluded. Small
trunks like a vgntilation trunk are neglected to be included in cargo
spaces.

(b) Hatchways are included in cargo spaces,

(c) The thermal insulation is neglected and the volume is measured
within the ship's shell plate or steel bulkheads.

(d) Slop tanks are included in cargo spaces.

(e) Clean ballast tanks are not included in cargo spaces, but emergency
ballast tanks with piping system through which cargo oil could be trans-
ferred thereinto shall be taken as cargo spaces provided that the piping
system nmeets the requirements therefor.

(f) Ore-oil-ballast tanks used for loading oil and ballast alteranative-
ly within a considerably short period are included in cargo spaces.

(g) In ships designed for multipurpose but exclusively used for one
purpose for a certain period. the space not used for that purpose are
excluded from cargo spaces provided that measures to secure the non-use
of the spaces are provided. In this case, remeasurement is required with
change of purpose and, if the net tonnage decreases as the result of the
remeasurement, a new International Tonnage Certificate incorporating the
net tonnage so determined shall not be issued until 12 months have elapsed
from the date of issuance of the current certificate. )

(h) In ships with single bottom, except for carrying liquid cargos,'
the spaces below the floor plates are not included in cargo spaces.

(2) Passenger (Regulation 2)
A passenger is every person other than:

(a) The waster and the members of the crew or other persons employed
or engaged in any capacity on board a ship on the business of that ship
(ex. shipowners, charterers, pilots, stevedores, public officials etc,
Persons in the spare rooms are not taken as passengers unless they are
included in the certified number of passenger.); and

{b) A child under one year of age.
5.5.5. Calculation and Example of Calculation

{1) Calculation of volumes (Regulation 6) .

All volumes included in the calculation of gross and net tonnages shall
be reasured, irrespective of the fitting of insulation or the like, to

the inner side of the shell or structural boundary plating.

Volumes of appendages shall be included in the total volume (propeller

bossing, skeg etc, are calculated as appendages but rudder, propeller,

stabilizer fin etc. are not).
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Volumes of spaces open to the sea may be excluded from the total volure
{sea chests, tunnel for side thruster, anchor recess, slipway of a whaler
etc. are open to the sca but hawse pipe, rudder trunk, bait well are not),
Appendages and open spaces one-third of total of whose maximum length,
maximum breadth and maximum height is equal to or less than 1.67 m are
neglected in tonnage measurement. '

{2) Calculation system

In Japan, the Ministry of Transport {(MOT) has developed a computing pro-
gram by electronic computer based on the Regulations of this Convention
which will be available for use in MOT or authorized shipyards. - For
manual calculation too the procedure shall be authorized by MOT. For
reference, for measurement of under deck volumes, the offset data pre-
pared by a shipyard may be used. :

(3) Example of calculation
An example of calculation is shown in Fig. 44.

s tanker l ' 1 - |
¢ bulk carrier (including chip carrier, coal carrier &
O ore carrier (including orefoil carrier) bauxite carrier)
© container ship )
— Q liner Py
o - t ferry boat
S 15 ‘ .
&
-
o)
~— 9
% .
~ -
gJD. 10 A ———
z °
=]
g °®
.
] ov ¢
v 4
o
4 5
o a
o
v
d
]
l*’o
1 2 3 4 5 6x10°

LppX By oX Dypp (m?)

Fig. 44 Gross Tonnage Calculation based on

International Convention Tonnage
Measurement of Ships, 1969
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6.

6. RESISTANCE AND PROPULSION

1. Symbols and Coefficients

6.1.1, Symbols and Abbreviations

Symbol & .
Abbreviation ITTC Description
A, A, Disk area of propeller
A, A, Developed area of propeller blades
A, A, Expanded area of propéller outside boss
As A, Projected area of propeller blades ocutside boss
a, a, Expanded-area ratio A,/4.
a, a, Projected-area ratio A,/A,
B, B, Output coefficient N (DHP)*'/V "
H, By Thrust coefficient N(THP)*'/V,.*.
BHP | P, Brake horsepower = T
C.,,,. Admiralty constant
a7V /Hp
Ca C,. Block coefficient --C-.' '
Ce C. 8 "Midship section coefficient = Cp
C. Cr ¢ Prismaric coefficient—C,
C, ' Wetted surface arca coefficient §//VL
Cy Cr Total resistance coefficient R/ pSV?)
(Suffix s#.ms,v follow to R, )
’ Cy Cym ¢ Vertical prismatic coefficient ~(,,
Cuw Cuma Waterplane area coefficient
1000 (4 EHP
© © e =y
b D Diameter of propeller
du d Diameter of propeller boss
DHP -} P, Delivered horsepower
_ e P, Vapor pressure of water (kg/m')
EHP P. Effective horsepower )
Fa Fa Froude Number v/;l}:;" -
Fa: | Far vivry
1 Depth of shaft centre (m)
i i Entrance angle of water line (deg.)
J J Advance coefficient of propeller V./{(aD)
k k Form factor '
K Ke Torque coefficient of propeller @Q/(pn’D*)
I .
Ken Ko J
Koo K./J!
Kao AL
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Synbol & . C .
Abbreviation ITTC Description
K, K, Thrust coefficient of propeller
T/{pgn'D")
K" KT/J'
Kya . K./J¢
g [+
® ® ,V/ 2 2
v/l-£ L
© © V/ 2 2
lea C (DB/L)X100(%)
(+: Aftward from midship)
(-: Forward from midship)
(13 & Length displacement ratic L/Vv?
N ' Revolutions per minute
n Revolutions per second
) P Pitch of propeller (m)
® V/ g Cp[a‘
v 2n ‘ .
P Pitch ratio P/D
Q Q Torque (kg.m)
R R Resistance (kg)
R, R, Frictional resistance (kg)
R. R, Reynolds Number Vi
Ri Ra Residual resistance (kg)
* - Ry Ry _Total resistance (kg)
" R. - |R. Wave-making resistance (kg)
Ry Viscosity resistance (kg)
re Cro Total resistance coefficient R,/(M ViV
(Subscripts r,r» refer to “frictional",
"residual" and "wave-making" etc.)
Ty Total resistance coefficient R,/(pV'"'V?)
(Subscripts r.a.v refer to "frictional",
“residual" &nd "wave-making'" etc.)
s S Wetted surface area _
® ® Wetted surface area coefficient "S/V'?
1 $a- Apparent slip ratio nP- V.’
. nP :
| Real slip ratio AEZVa_y_J
a 2, e p ra 5 1 5
_SHP P, Shaft horsepower
T T | Thrust (kg _
t t ' Thrust deduction factor lk.I;T
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Abéiiifition . ITTC - Description
THP P, Thrust horsepower —=[/-
v v Speced ]
vV, Va Advance speed of propeller
Ve . Speed (kt)
Ve, Advance speed of propeller (kt)
1* o , Wake factor 11— K;
e g Wake factor (calculated by K,)
wy 1y Wake factor (calculated by K, )
zZ Number of propeller blades
a o Scale ratio (model ship length/ship length)
A Scale ratio (ship length/model ship length)
5 & Taylor's advance ratio ND/V,. »
A a Displacewent ;{r(,).PSV;ib--('t)‘
v v Volume of displacement (m?®)
T /] Propeller efficiency (behind the hull)
e | U» Hull efficiency (1—1)/(1—w)- '
no o Propeller efficichcy (open water)
ns ne Propulsive efficiency EMP/DHP
s Na Relative rotative effiéinncy na/Mo
nr 7s Transmission efficiency DHP/(SHP or BHP)
" ] Coefficient of viscosity {kg.sec/m2)
¥ v Coefficient of kinetic viscosity ulp (m2/sec)
P P Mass density (kg sec2/m4)
7 7 Specific gravity (non-dimensional)
o o Cavitation Number
{p—e)/(-k pV")
p : Static water pressure including atmospheric
pressure
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6.1.2. Relations among Coefficients (A symbol with mark ' on the
right shoulder denotes one in English Unir)

(1) Cocfficients about dimensions of ship

(a) Displacement-length ratio

: &z 10’ ’

i) —)—--3 588107 -~ <5 = ._(_-__. ~1-025%10" X C¢ = _1__0_2_(.555_10
| 100 av?

i) —2 - -2.788x10x 1~ 2857 10" x Ce  2LXI0

T, e,

(b) Lengthmdisplacement ratio

, L vy de Vo 9-918x10°"
i) g - 3-032xae >“.:\‘“ 10t l ( } -, =9.918%10 'x &
10
: L L .y v 327
5)  por m3298x i =100 ’-(—— S m T i ®
100 o o .
(¢) Coefficient of displacement volume
) v 1 . A 4’
Cr""f:‘;""@'_‘;"g +756% 10" x“'—l:—*"d 5<10 ’X‘———I‘:_T—,
) 10 100
{ .
_9-756x107" _ 35 |
Ly Ly
a0 ()
(d) Length—displacement volume ratio
n--‘_—-"_l---: !—_—_—_ l!.‘ ] '___A‘ -3
A@ T o 1-008 = ( )’I 3057;-(1()\-:.l 7:;——’—} ~1-008
. 160
“ L
= 3057 <107 -5,
(2) Coefficients for wetted surface area
5 . __S &
T ae mmei——- e Tl ratarmar
(a) @ V: 3 (b) (“i Ji:.‘,‘ {f.l.
(3) Coefficients for speed (refer to Table 48)
(a) Froude Number Fn"—J;r
JYLe
(b) Speed-length ratio _li%“ 15;1 (Refer to Chapter I,
.7 L 1.2.2 (2)(a))
(-C ) I'-.'- “—.—_':‘C..—_':"SV" .F,,“—:ﬁ
Vg 4n
(d) v——:gz‘i-;?ﬁ—ﬁ? Fap=ftx @ F, =80
2 2
V f——"‘ - @ F-v
R A Fo=-N L iy S
(e) % L vdr @ YA
t
2r 2
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(8) Reynolds nunber R, - L ,f;'—l-‘«;—'-'—[- n
Table 48
| —;-* I v n 1/1/*'7
¥4 =9-SGG 63 m/sec? 1/-5_’-=—*3'132 ’ 1/\/?:0'319_3
g =32:1740 ft/sec? Vg =5-672 1/Ve =0-1763
4 x="12-506 4 V 4z =3-543 1/V 47 =0-2821
2r=6-2332 V2 =2-507 1/V 2z =0-3¢89
r =3-1416 VE =1-772 1/Vr =0-3642

(4) Coefficients for resistance

R R _R’
(a) C""]—-psvl 0']3232>(PSV:’ 1'4262KP‘S',V"‘
2
. R
©) g (@ ¢ = igr
_._le/:VJ P
2

where ;=27 -G C

R
. 4 1000 1000 1000 , . EHP
(d) ©-gor~ 5, @ C=—3 r= 7, 7 =42 1gnys
() - Reo@ ~s00xFIR® c-~sooxr'.'q- F=1000% F@ rm i x B
A : S R " 2:240 A°

(5) Horsepower (refer to Chapter I, 1.2.2 (2)(n})

(a) Effective horse power (EHP)
. RV R
i)  EHp (I’S)"—};—%-"'G%SQ%IO X RV .= 6-859%10 '~ A 1.:3‘

=0:496x10 "= SV,'C

- O coed
o Asex10- X T Y o b (p=104-62kg-sec’/m")

LAy
1:4576 )
ii . . —B—.’-.Y:.,. . » 3 4 L . ~ 3- O;I_R;
ii) EHP’ (HP) £t 307110 * xRV, —3-071~10 *x A"V, Y

=B-717x107°X S’V 'C (p~1-9905 Ib-sec'/it*)
{b) Delivered horse power {DHP)

i) by (ps)- 229 =, X (BHP X123 sip)--EE

nr

] ¥ g} __?__r_rnQ'_
i) DHP(HI 550
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(c) Thrust horse power (THP)

TV 11w ..
Y (PC Y =t e - EHP ~ pa g DIP
i) THP (PS)~-U 75 o EHP~n.n
’ P . _T_'.Kﬁ.'..
i1): THP’ (HP) 550

6.2. Estimation of Hull Resistance and Effective Horse Power

6.2.1. General
There are two (2) methods for estimating hull resistance and effective
horse power, the one is a method of estimating and calculating the total
resistance and effective horse power by separating the total resistance
into some components to be calculated respectively znd composing the com-
ponents, and the other is a method to estimate effective horse power
directly. The former is further categorized into a method of estimating
the resistance by charts derived from a series of model tests, a merthod
by resistance tests using model ship and a method tc estimate the resist-
ance of the ship frem the results of model tests for similar vessels. The
latter, the direct estimation method of effective horse power, is a simple
and practical method if the data of suitable similar vessels are available.
But, in general it is a custom to apply the former estimation method as
outlined in the followings.
Froude proposed that total resistance is divided into two independent com-
ponents, the one is a function of Reynolds Number (R.=VL/v) and the
other is a function of Froude Number (F,=V//Lg ) &s shown in the follow-
ing formula:

Cl—jl.(R'nv L ST T )+j:-(1":-rnf|.“"")

vhere FiFq. 0oty are parameters which represent ship's form.

According to this proposal, for the two ships with 2 similar geometrical
forms (for example, actual ship and model ship), the effects of riuryo e
are eliminated and the values of f, become equal at the same R, and the
values of f, become equal at the same F,” in accordance with the dynamical
Law of Comparison. There are two methods of dividing resistance into two

. components corresponding to the above f, and /, , namely, the two dimen-

sional extrapolation method of taking frictional resistance coefficient

for f, and residual resistance coefficient for f, and the three dimensional
extrapolation method of taking viscosity resistance coefficient for f, and
wave making resistance coefficient for f,. (Refer to Fig. 45)

Maodel ’ Model

i
¢

oy (e
275V 1
Coufl

(a) Two-dimensional (b) Threz-dimensional
extrapolation method, . extrzpolation method

Fig. 45 -Extrapblation methods

IE1 - 87



Actually, it is impossible to make K, and #, equal at the same time for
two ships of similar form but different sizes, and conseguently, the values
of f. arc calculated as mentioned below and the values of fy» for each ship
are cempared at the same }°, or the valucs of a vessel for which f, 1is
known {for example, model ship) are extended to the vessel in qucstion,
(i.e. actual vessel). Resistance calculations for an actual vessel will
be done by the following procedures.

Two dimensional extrapolation method Cn=(C,s+AC)HC,
Three dimensional extrapolation method ¢,,~({14k)C,,+4C,H+C.

where .C,, is the frictional resistance cocfficient of the actual vessel
and it is normal to deal with (1+k} as a constant value which is decided
only by the ship's form and have no relation to the vaiues of Ra. or F, .
Applicable values are decided by the model tests or the estimation formulas.
C, or C. is also decided by the model tests or the estimation nethods.

AC, is introduced origirally as a correction factor for the roughness of
the hull surface and some trials have becn made to obtain it theoretically,
but at present, it is used as a kind of correction factor for errors be-
tween the model ship and actual ship and practical value for it is estimat-
ed from the actual experiences, When C, is thus obtained, the effective
horse power is galculated by the following formula:

1
Rrs_Cy;x'%'psS,V,, El‘lip_;gRr;‘V;.

§.2.2. Estimation Méthod by Composing the Hull Resistance Components

(1) Estimation method of resistance componeuts by using charts or
approximate formulas '

(a) Estimation of frictional resistance, ,
Frictional resistance of a ship is calculated assuming that it is equal
to the frictional resistance of a smooth plank of same length and area
(so called equivalent plate)

i) Calculation formulas for frictional resistance

R.E. Froude's formula .
Ry,=—7ill +0-0043(15-)} SV =0.297374A 11-+0-0043015— 1} SV

where, R,= Frictional resistance (kg)
= Specific gravity of fluid
A=0-1352-+0-258/(2-68-+ L)
§ = Wetted surface area (m¢) -
V= Speed {(kt)
! = Temperature of fluid normally 15 deg. C inm actua)l ships

W

Schoenherr's foroula {Table 49)

242
Ry- C»*';_PSV'- '9'2:5_—- —l°g°(R“c’)
or approzimately i

C,=0-463(loguR ) *! (Ra—10°—10")
Hughcs' formula

Re= C:%‘pSL'Z C,~0-066{--2-03+ lo;:.R.)"

III - 88



68 - 11X

Table 49 Schoenherr's Frictional Resistance Coefficient

C,x10*. Sea water at 15 'degrees C, Coefficient of kinetic viscosity »=1:18831X10"" m'/sec

L m

- -

Vel V

Kt mlsecf 10 1 60 | 80 | 100 ! T f1e0 [ 160 | 180 | 200 | 720 | 240 T260 [ 280 | 300 | 320 | 340 [ 360 } 330 | 409 [420 ] 410 [ 460 7 450 | 500
71 3:6012:017. ‘ghqil 935 [ 1793 | 1740 1705 1677 {1-652 | 1630 {1-€11 ;1599 |1-577 11562 11-548 | 1:537 | 1528 1515 1505 |1-606]1-487 1478 [1-470 [1-463 ;1456

8 4 e 18741 3081750 11-710{1-677 11663 | 1-624 [1-603 |1 [1°584 {1-567 1551 |1-537 [1-524 }1-511 }1-500 140 1190 |1-470 | 1-462 |1-454 [ 1-447 1439 11432

!

I “la'l 81511775 | 1724 1684 1- (6521162 521 1601 11-570 |1-361 |1-544 [1-528 [1-515 | 1-502 [1-490 |1-473 [1-469 [1+459 |1-430 | 1-¢42 1434 [1-432 [ 1418 {1412
]
1

10[ 5 ’4llmfll os1a 17511701 |1-66211-630:1-603 |1-579 1558 S TS0 11509 | 1496 1482 | 1470 | 1461 11450 | 1441 1433 [1-424 [1-416 1409 3 401 }1-3¢5

].
JHECRE 597|706 {1729 ] 1681 1-6:21- 6114}-554 TTSRT 1541 1522 [1°506 {1491 [1478 | 1463 | 1-454 |1-444 | 1435 |1-425 [1-416 I- £61-379
121 617187411775, 1 71011662 1621 15931 :567 {1-544 |1-524 | 1806 |1:490 | 1476 |1 :463 T450 | 1440 11429 11419 11-410 11402 [1-394 [1-386 (1-373;1-372 | 1-363
500 | 1-491 [1-476 |1-467 | 1:448 11437 1426 |1 415 1405 11-397 11-388 | 1-381 }1-373 ;1366 |1:359 1-353

1.

1.

-408 40011-393” -386{1-379

1
1

131 6 ﬁgil_fa4 1-75611-693 164571 603.1-577 1551 {1-528 |1 | |

14} 720 3 S’GII 1404 1 677]1- 63011 1-50311-362]1+537 [1-515 | 1496 |1-478 1 1-463 17498 11436 1424 |1-413 [1-403 {1-384 |1-3851-377 | 1-369 36111354 11-347 11341
1
1
!

5| 772 L8011 724 1662|1616 15191549, 1-524 |1 02| 1482 1L 45311-450 1437 1424 | 1412 |1-402 [1-391 |1-382; 1 37§J1 365 11357 [1-350 [ 13431326 1330
167 823 11604 |1-710} 1648 1-603 11567 1-337 1511 1-4%0 701455 | 1490|1426 11-413 | 1-402 | 1-391 ) 1-381 ) 1.372 1 3631355 [1-147 [1-34011-333.11:327 .1-31).
171 874 1176 165716351390 | 155511826 4 560 470 [ 1461 1434 11429 1415 | 1403 |1-391 |1-381 {1371 [1-362 {1-352 }1-346 |1-238 [1-339 1-324 {1-317 1-311
18] 926 11-77511-6841]1-624:1-579{1-54411-515|1-4%0 1-459'1-430|;-g§§_3-419 e T30y 11387 1372 |1-362 | 1-352 | 1-345 [ 1-337 | 1-329 [1-922 {1315 11-209 1302
19] 9.7 1-763)1 67311 614 Troe8 11531 1305717480 | 1459 | 1-441 | 1425 | 1410 [ 1-397 {1-385 |1-373 |1-363 [1-353 1345 |1-326 11328 |1 321 1-314 1207 [1-300 11-294
70 T0.20 1179|1662 1603|1559 1524|1496 | 1470 | 1450|1433 ]1-416 |1-402 |1-388 |1-377 |1-365 1355 }1-346 ;1337 1328 |1-321 | 1-313 |1-306 11-299 [1-293 +1-287
21 [10-60 [1-74011-652{ 1:593 | 1:549]1-51511-486 11463 742 [T424 | 1408 | 1354 | 1-381 |1-368 [1-357 [1-347 |1-395 |1:329 1321 }1-3131:306 |1:299 11 2% 1285 11280
7211321728 [1:6121 89411 541[1:506 1478 1455 [1-435 | 17416 |1-400 [1-356 |1-37211-361 [1-360 ] 1-340{1-301 1 322 )1 31 1-306 |1-299 [1-292 |1-285 [1.279 {1-273
27111783 | L710{ 1623 1575|1532 1498 [1-470{1-447 | 1427 1409 1953 ) 1 37 1366 11354 17343 |1-333 |1-323 | 1-216 |1-307 |1-300 |1-202 |1-285 | 1279 [1-272 | 1-267
2524 11-4901-463]1-44011-419 1402 {1-3861-372 1:35911-34711-337 {1-327 | 1-318 1-3031]-300[1-293 ]-286]1-27911-272 1.266 +1-260
1 1-267 1
1-261 |1
1-256 |1
1
1
1

fo—)

1
1
1
!
24112:351-170{1-6241-567)1
7511295 {1701 |1-616/1-558|1-517 | 1482|1456 1-432 11-412]1-39511-379 | 1-365 1353 (1341 | 1-330 | 1-320 | 1-311 | 1-302 |1-264 1-287 {1-280 | 1-273 | 1-267 |1-261 ;1259
! 1255 |1-248
1
1
1
1

289 {1-281 1-274 | 1-267

.
Eal]
<h

27{13-89 1168411 600 11-544 46911442 11-419{1-40011-382 {1367 |1-353 | 1-340 {1-329 1-318 [1-309 |1-300 {1-291 | 1-283 |1-276 |1-269 | 1-262

1.

-502 1-

1630143511413 |1-394 |1-376 {1261 {1347 {1-335 |1-324 {1-3131-303 {1-298 1-236 (1-278|1-270 {1-263 | 1-257
1.
1

-4

96
48
482

28]14-40 [1-677]1-59311-537
29]14-92 |1-669]1-585]1-530
3011543 [1-€52]1-579]1-524

L]

1
1
1
1

26(13-38|1-693{1" 60/]1 “55111-509[1-476{1-448(1-426 |1-40511-388 [1-373 {1-359 1-3461-335|1-324 11314 }1-305}1-297

1 250
1
1

[at3
dw | trv } U
Ly | v
— | —
ral e
i g B
O f s
— ] o | e |
>
2
0

273 1-265 {1-258 1232
268 |1-261 1-254 11247

(Y=

7456|1429 | 1-407 |1-383{1-371 {1236 |1-342{1-330 | 1-318 |1-3¢8 |1 298 1-28911-281
14301_2411-49}__1'382 1365 1-350 {1336 11+324 {1+313]1-303 |1-233 |1-284 1276

-24111:235




Prandtl-Schlichting's formula
R,—C,%pSVfC,—04%(thh)""A-

IT1C 1957 model ship correlation line
R'“Cr‘% oSV C,=0-075(log s Ra—2)""

ii) Estimation of wetted surface areca
Wotted surface area below the load water liue, an integration of the girth
length along the projected ship's length, is applied. No correction for
obliquity of the waterline is made. Approximate formulas for the wetted
surface are as follows, and those of the appendages, to be obtained by
scparate calculation, -are added to the wetted surface area of the hull.

Denny's formula S=(1:7°d+CaB)l -1 “7*dL AV /.

*x It is recommended to adopt following values instead of 1.7 for
the ships of larger full hull form with normal bow:

Full load condition 1,81
Half load condition 1.76
Ballast condition 1.75

Olsen's formula S=1.D811-22(d/B)+0-46} {C,+ 0-765)
Froude's formula S=gp' {3-4+(L/2:-¢'")

Taylor Basin formula §-C,J/VL,
C.; refer to Fig. 46 (a), (b), (c)

In addition to the above, there arc proposal charts for calculating wetted
surface area such as SR 45, Series 60 etc. -

1

7-2%10°3

1-6-
Of:' i 1 L \ \ ]
0-45 0-50 0-54 0-5& 0-62 0-66 0-70 0-T4 0-78 0-32 0-85
Cr Cr
(a) C, (B/d=2-25) (b) C, (B/d=3-00)

Fig. 46 Wetted surface area coefficient

III - 90




(¢) C, (B/d=3-75)

Fig. 46 Wetted surface area
coefficient

(b) Estimation of residual resistance

i) Yamagata's charts
After careful analysis of the results of many model tests, Dr. Yamagata
proposed the following formulas and charts shown in‘Figs. 47, 48 and 49
In the case of using these charts, careful attention shall be paid to
the fact that these charts are apt to give rather bigger resistances

than read ones for large vessels because Froude's formula is applied
to the calculation.of frictional resistance.

R."‘r.‘;—;pr"’V"
' re=k, ‘ff‘u‘."*'(Al’n)uz._’*’(Afu)n,.f’

-1

where, k, = 1 for single screw ship and 1.10 ~ 1.20 for twin screw

ship

rse = Residual resistance coefficient for standard hull form
(Ar:)s.. and (Ars)s.« are the correction amounts to the residual

resistance coefficient when B//. and B/d are differnet from those
of standard hull form.
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0-44

0-33

T0-32

0-20 °

L

o, JUITOFIIO0D 9OUBISTSIA TENPTIEY

0:26

Froude number WWLg

Fig. 47 Residual resistance coefficient

for standard hull form

(Yamagata chart)
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05
0-4
< 2 o3f—4——tf-—-
() Ll
~|o
g7 0
=
= 01
0

016 018 020 02 o024 026 02 030 032 0-H 0-3 038 040

Froude number K//Z;'

Fig. 48 Correction due to different B/1. (Yamagata chart)

€-006

0-004

0-002

0

- 0-002

Bj —225

(4TR) i

= 0-004

= 0-006

- 0-008
0-16 018 020 02 0-24 02% 028 030 0-X. 0N 0-% 038 04

Froude number Y//T,

Fig. 49 Correction due to different B/d (Yamagata chart)

ii) Taylor Basin charts
These are the results of reanalysis based on the Schoenherr's frictional
resistance formula of results of a series of model tests conducted by
D.W. Taylor
v BV
L A )
and the charts are given against C, varying from 0.48 to 0.86 in the case

L = Water line length .

.of-B/d o0f-2.25,-3.00 and 3.75. The readings from these charts are tabu-

lated in Table 50 (a), (b) and (c). It is recommended to use this method
paying attention to the facts that the ¢, of the model ships was rather
smaller than that of the normal merchant vessels and constant [, (at the °
center of water line length) was applied. -
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Table 50 (a) Residual Resistance Coefficient Cpx (by Taylor Basin Chart)

B/d=2-25
V/iVig
Cr v/L}
0-15 | 0-18 | 0-20 | 0-22 | 0-24 | 0-26 | 0-28 | 0-30 | 0-32 | 0-34 | 0-36
- X 10-3> 10-3X 1073 X 1073 X 1073 X 107} X 10-3 X 10731 X 1073 X 1073 X 10" X107}
1.0 l0-20 l0-20 |0-20 0-20 [0-20 [0-20 [0-20 J0-24 0-40 |0-67 j1-O1
2-0 l0-26 lo-27 lo-28 lo-29 [0-32 [0-37 [0-40 [0-43 10-70 (1-25 200
3.0 lo-31 lo-31 [0-33 0-36 |0-43 [0-50 [0-54 (0-G1 0-98 |1-76 [2-92
0-50Q 10 10-35 l0-36 [0-37 [0-42 [0-52 |0-59 |0-63 (0-77 |1-23 [2-30
5.0 lo-41 |0:42 |0-44 [0-49 |0-60 [0-70 [0-75 10-63 W-51 |2-90
6.0 lo-46 l0-47 l0-49 [0-55 |0-68 (0°83 [0-87
) 7.0 l6-52 [0-53 ,0-56_|0-65 [0-80 [0-99 [1-05
1o l0°z22 |0-22 [0-22 l0-22 [0-22 (0+23 [0-25 [0-27 [0-32 [0-49 [0-T4
2.0 |0-27 [|0-27 |0-28 [0-28 |0-30 [0-38 [0-46 0-53 [0-65 |1-00 1°57
3.0 l0-32 l0-32 [0-23 [0-35 [0-40 [0+49 J0-62 0-78 |1-00 [1-42 2-25
0°55 40 |0-35 [0-38 [0-38 [|0-42 0-48 060 [0-77 [0-99 125 184 294
c.0 l0-44 |0-44 |0-44 [0-47 0-55 [0-68 087 |I-11 |1-46 j2-12
e-0 lo-49 lo-50 lo-50 [0-54 [0-63 [0-77 0-97 117 11-51 (2-32
,_~”“£Q_Q§_@ﬁ_%&gﬂﬂ_mﬂ_tﬂ_bm .
10 10-23 |0-23 |0-23 |0-23 [0+25 (0+28 [0-37 (0°45 [0+46 |0-52 [0-68
2.0 lo-28 [0-28 [0-28 [0-30 |0°37 0-50 [0-74 |1-02 |1-03 Ji-12 }1-43
3.0 l0-34 [0-34 |0-34 [0-38 0-47 [0-66 |1-03 .[1-45 |1-55 J1-65 [2-18
0-60 40 lo-3s |0-38 [0-40 |0-46 (0-56 {0-80 {1-32 |1-85 |2-00 [2-15 2-85
5.0 [0-45 [0-45 (0-47 [0+53 [0-64 [0°90 149 [2:18 [2:41 [2:61 347
6:0 lo-50 lo-50 lo-52 10-60 0-71 |1-01 1166
_7:0___|0:55 10:56 0-59 |0-68 [0-80 1-10 ji-82
150 023 |o-23 |0-23 |0-23 |0-28 (0-40 {0-59 [0-76 0-78 10-78 0-86
2.0 10-28 lo-28 l0-20 |0-34 0-47 [0-68 |1-05 [1-62 l1-67 |1-60 |1-81
3.0 10-34 l0-3¢ 10+35 |0-45 [0-63 {0-90 [1:48 [2:31 (2-47 (241 |2-67
0-65 40 l0-40 lo-40 |0-42 [0-54 0-73 |1-04 [1-85 (2:95 [3-23 13-20 {3-52
=.0  |0-46 l0-47 l0-49 |o-63 [0-82 [1-18 [2-22 3-55 4-02 407 14-42
6-0 l0-52 [0-52 {0-57 [0°72 10-90 ({1-29 |[2-46
______ 7:0_ l0-57_|0-57 [0-64 |0-80 0-97 11-38 |2:67 :
150|023 10723 lo-23 |0-28 [0-40 |0-59 [0-81 |1-13 1-23 |1-16 |1-14
2.0 lo-30 l0-30 |0-32 [0-47 [0-71 [0-97 [1-46 [2-31 [2-47 2-36 12°30
3.0 [0-36 '0-36 |0-42 [0-60 [0-87 |1-22 [1-97 [3-26 13-77 13-60 1366
0-70 10 lo-40 l0-42 lo-51 [0-70 [1-01 |1-43 [2-48 |4-28 |5-02 [4-89 14-90
5.0 |0-46 [0-49 10-59 |0-81 [1-10 [1-56 [2-89
6:0 |0-52 lo-56 |0-68 (0-90 |1-20 11-68 (321
__7-0_ l0-59 |0-64_ 10-77 10-96 j1-28 11-82 )3-51 |
o lo-24 1026 l0-32 l0-47 10-70 10-90 [1-12 |1-61 [1-66 ]1-55 150
2:0  10-31 0-36 (0-47 [0°74 1-14 [1-42 l1-86 2-68 |[3:zy (3-23 |3-06
3-0 l0-37 lo-44 lo-61 (0~96 [1-38 }1-82 [2-41 4-29 ls-i2 |5-16 [|4-82
0-75 |  4-0 (0-44 [0-52 [0-73 |1-10 1-52 2-02 3-10
| 5.0 |0-50 i0-59 (0-83 1-24 |1-64 1216
' 6.0 lo-57 lo-67 (0-91 [1-34 (1-76 |2-31
|70 jo-e2 73 lo-es Ji-41 |
1:0 10-32 jo-45 o-62 10-91 |1-30 1-45 |1-70 [2-21 |2-17 [2-06 [1-96
2.0 10-35 l0-53 lo-80 !1-29 [1-94 [2-32 |2:63 |3-76 |4-36 (4-40 4-21
3.0 l0-43 [0-60 [0-97 [1-58 {2-29 (3-01 5.39 |6-63 |6-85 {6°49
0-80 4-0 10-43 (0-68 [1-12 [1-80 [2-55 |3-42
5.0 'n-56 ©0-76 [1-22 {1°95 [2-75
6-¢c lo-63 lo-83 [1-31 |2-10
. _7-0_10-69_10:90 j1-40 2°24 |}
|77 1.0 lovs1 0-91 (1-38 [1-89 |2:36 226 12°79
i 2:0  0-60 'n-02 |1-54 '2-26 ([3-°20
3:0 10°66 [1+06 (1-70 lo.57
0-85 40 {0073 [1-15 1:85 (277
5.0 0-81 [r-22 [1-08 [2-98
6.0 lo-93 l1-33 |2-10 {3-17
70 |reis l1-se l2-37 [3-48
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Table 50 (b) Residual Resistance Coefficient C: (by Taylor Basin Chart)
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B/d =3-00
V/V Lg
o-1s| 0-18 | o-2o] 0-22 | 0-24 | 0-26 | 0-28 [ 0-30 | 0-32 | 0-34 | 0-36
3> 10"’;" 10 3 X 107X 1073 X 10X 107X 10" %X 10-% X 10-% X 10- % X 10-3
0:25 10-25 [0-25 0-26 [0-33 [0-38 [0-37 [0-43 0-60 [0-85 [1-14
0-30 0-30 [0-30 [0-37 f0-52 [0-61 [0-60 [0-63 |0-90 [1-36 [2-03
©-35 0-35 [0-36 [0-44 [0-63 [0-74 [0-77 [0-84 [1-17 [1-91 [3-0¢
0-43 0-43 10-43 0°51 [0-73 10-86 [0-85 [1-02 [1-49 |2-54
0-48 0-48 [0-50 J0-61 [0-82 [0-96 [0-97 [1-19 |1-86
0-54 0-54 [0-59 [0-73 Jo-96 [1-11 [1-10 [1-38 |2-20
0:61_0:62_ 10-67 10-88 |1-24 [1-41 [1-38 i -
0-28 10-28° |0-29 |0-31 |0-42 [0-51 10-54 |0-56 [0-63 |o-B6 10-97
0-34 0-34 [0-34 [0-38 [0-53 [0-67 [0-72 |0-66 [0-90 |1-20 [1-73
0-40 [0-40 0-40 [0-47 [0-62 075 [0-63 |0-04 [|1-16 |1-61 [2-51
0-44 0-44 [0-45 10-53 [0-64 [0-78 10-92 [1.07 135 |1-95 [3-23
050 0:50 [0-52 [0+60 [0-72 [0-82 [0-97 |1-21 |1-60 [|2-31
0-57 [0-57 [0-60 [0-70 [0-82 [0+91 |1-04 [1-35 |1-86
_j0-63_j0-63_lo-69_lo-85_J1-01 1-10 J1-19
0-30 [0-30 030 [0-35 [0-45 [0-56 !0-64 [0-70 |0-74 [0-80 10-51
0-37 038 [0-38 [0-44 [0-58 [0:75 [0-97 [1-17 |1-29 [1-46 |1-75
0-42 [0-42 |0-43 [0-50 [0+65 [0-87 [1-20 [1-56 |1-74 [2-01 |2-58
047 [0-47 0-49 [0-57 [0-71 [0-93 [1-30 |1-89 |2-18 |2-51 |3-22
0-54 [0-54 10-57 (063 [0-77 [0-99 [1-42 [2-20 |2-63 [3-01
0-60 [0-61 [0-64 [0-73 [0-85 [1-04 [1-63 [2-45
0-65_J0-66 10-74 10-82 [1-01 [1-23 |1-BQ I N
0-337 /0-33 [0-34 [0-36 [0-41 [0-55 |0-74 [0-88 |0-95 |0-97 |0-58
0-38 10-38 [0-39 [0-49 [0-63 [0-85 [1-25 .[1-75 l1-93 [2-00 l2-15
0-44 |0-44 [0-48 [0-62 [0-77 [1-07 [1-62 [2-43 |2-79 |2-88 [3-19
0-52 0-52 |0-56 [0-70 [0-86 [1-19 [1-83 [3-02 [3-55 [3-73 |a-12
056 [0-57 [0-63 [0-BO [0-92 [1-26 [2-15 [3-52 |4-28 |4-53
0-62 10-63 10-72 [0-90 |1-00 [1-33 |2-28
2[0:72_10:73 0-82_0-98 {1-08 |1-46 i2:65 -
0-42 |0-42 [0-48 [0-64 [0-82 [1-08 [1-38 [2-41 [2:70 |2-70 |2-72
0-48 10-49 [0-58 [0-81 [1-10 [1-40 [2-15 [3-40 [3-97 l1-10 |4-20
3-55 lo-s6 lo-68 [0-95 [1-24 |1-60 257 |4-22 |5-15 |5-47 |5-64
0-61 [0-63 |0-78 [1-04 [1-33 [1-73 [2-89 :
0-68 10-72 '0-87 |1-10 [1-40 l1-85 |3-13
0:75_10-82 '0-96 [1-16 |1-52 fi-08 !3-22 _
‘ |
0-45 10-47 '0-52. 0-90 (1-28 [1-57 i1-97 [3-09 [3-63 [3-56 |3-45
0-52 [0-56 [0-76 |1-11 [1-69 [2-06 [2-65 |4-35 I5-38 |5-46
0-59 lo-65 l0-86 [1-31 [1-92 |2-45 |3.22
065 [0-74 [0-97 1-38 [2:05 [2-73
0-72 10-82 [1-05 |1-45 |2-15 |2-85
0:80_l0:92 11-12 [1-50 |2-26 [2-67
‘0-47 0-65 0-93 [1-39 [2-04 [2-61 [3-03 l4-15 '4-96 l4-50 l4-63
[0-65 0-86 [1-14 [1-65 |2-59 [3-48
0-72 1093 |1-25 [1-77 [2-81
0-77 '0-99 j1-30 |1-85 [2-92
'0-82 ‘1-03 1-33 1-91 [3-05
o-g7_li-o7_[1-38 l1-98_J3-14
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Table 50 (c) Residual Resistance Cocfficient C, (by Taylor Basin Chart)

B/d=3-75
V/Vig
C: v/L
0°16 | 0-18 | 0-20 | 0-22 | 0-24 | 0-26 | 0-28 | 0-30 | 0-32 | 0-34 | 0-36
X107 %X 107X 1073 X 1073 X 1073 X 10" 3 X 1073 X 1073, X 1073} X 10~}[X 103X 10-?
10 [0°33 10-33 [0-33 [0-36 [0-43 [0-48 [0-46 [0-45 [0-58 lo-81 {1-13
20 [0-38 0-38 [0-40 [0-45 [0-55 |0-63 |0-64 l0-65 |0-86 11-35 [2-09
3.0 [0°46 |0-46 [0-48 055 0:67 |0-78 [0-83 0-90 {1-21 [1-94 |3-11
0-50 4-0 |0°52 [0°53 |0-56 [0°68 [0-83 [0-S6 [1-02 [1°16 [1+61 {2:64 434
50 [0-58 [0°58 [0-61 [0-74 [0-96 [1-14 [1-19 [1-43 [2-10 [3-39
6°0 [0°66 [0°67 [0-71 [0-84 [1-12 |1+33 [1-39 [1-66 [2-54
)70 J0-73_jo-74 0:78 [0-94 {1-27 [1-53 [1:60
1:0 [0-38 [0-38 [0-38 - [0-38 [0-42 0-46 |0-45 [0-46 [0°55 0-61 |0-77
20 [0-44 [0-45 [0°45 0°47 [0°53 |0-63 |0-69 0-564 [0-88 [1-11 |1-68
30 [0-50 |0°50 l0-52 |0-58 10-66 |0-76 |0-86 |1-03 [1-17 [1:65 (248
0°55 4:0 [0-55 [0-56 [0-59 10-G66 [0-79 |0-87 {1-04 [1-26 |1-51 J2:16 [3-28
5-0 (064 |0-63 |0-68 [0:75 0-86 |0-98 |1-19 {150 |(1-87 |[2:70
6-0 (0°72 |0:72 0-75 [0°83 0-97 [1-08 [1-30 [1-63 I2-14
N 7-0__10°78 10-79 :0-83 0-94 11-12 |31-18 [1-36
1-G .0-42 (0-42 10-42 |0-42 {0-45 |0-49 |0-56 0°61 0-70 0-76 [0-83
2.0 |0-48 0:49 [0-50 0-51 ,0-56 |[0-71 [0-S1 |1-12 [1-30 {1-49 [1-83
2.0 |0°54 0-55 [0-56 [0-59 [0-66 |0-87 |1-15 [1-50 |1-79 |2-10 {2-61
0-60 40 [0-61 0°61 0-63 [0°70 (077 |0-95 {1-38 - {1-84 [2-25 [2:70 [3-41
5-0 0-68 [0-70 [0:72 0-80 |0-87 |1-07 |1-568 [2-20 [2-69 [3:20 [4-03
6:0 0-75 [0-76 [0-80 [0-90 0-96 [1-21 [1-78 [2-51
3 70 {0-82 0-84 [0-90 |1-00 |31-10 [1-34 |1-88
1-0 [0-4% [0-45 [0+45 [0-48 [0-52 [0-58 [0-71 [0-88 |0-99 [1:CO [1-05
20 052 |0-52 (0-53 [0-59 [0+65 [0-82 [1-23 [1-72 l1-95 [2.07 |2-26
3.0 [0-58 |0-58 l0-60 [0-69 [0-79 l1-06 |1-64 [2:38 |2:77 [305 [3-40
0-65 4-0  [0-64 [0-65 (0-70 |0-81 [0-90 [1-23 |1-96 [2°87 |3-45 {3-81 |4-28
5:0  0-72 072 |0-79 10-91 |1-03 |1-40 |2-24 [3°45 415 [4-60
.60 0-78 0-80 [0:87 [1:00 [1-16 (1-55 [2-49 .
7-0 |0+84 0-87 0-97 [1-10 |1:26 !1-68 [2-88
i-0
2-0 }0-58 |o- 0-61 [0-73 0-91 |1-15 [1-67 |[2:41 {2-70 [2-78 [2-85
3:0 [0-64 0-64 [0-70 l0-88 |[1-12 |1-43 |2-21 [3-37 [3-98 [4-29 [4-40
0-70 4-0 }0-71 !0-71 J0-79 [0-98 [1-26 [1+65 [2:62 [4°05 [4-97 {5-36 !5-69
5-0 0-77 ©-77 '0-87 (1-08 |1-36 |1-83 |2-98
6-0 10-83 [0-83 0-96 {1-20 [1-48 [2-00 |3-21
L 7:0  10-60 ;0-91 1-05 1-30 [1-58 [2-08 [3-39
1-0
20 0-63 !o-ss 0:76 1-02 [1-36 |1-71 [2-19 [3-12 !3-61 [3-63 |3-61
3:0 '0°68 0-71 0-83 i-14 |1°60 |2-10 [2-8B1 [4-32 |5:28 [5-63
0-75 4:0 0°75 0°79 0-52 1-26 |1-76 [2-34 [3-41
5-0 '0-€2 0-86 ,1-00 !1-36 (1-89 [2-51
€0 [0-€3 0-89 1-08 |1-46 ]1-99 [2-62
— {70 0-94 0-96 1-16 |2-06 [2-03 [2-72 _
140
2.0 |0-66 [0-76 ,1-04 |1-54 [2-17 [2-61 [3-08 [3-99 !4-68 [<-80 !4-79
3:0 0-73 [0-84 (1-14 [1-67 [2'51 [3-22
0-80 4-0 l0-80 0-91 1-23 [1-77 i2-69
5-0 i0-86 ,0-97 1-28 |1-87 [2-77
6-0 "i0-92 11-¢5 [1-37 [1-97 [2-90
___7-0_ 0-93 [1-13 (1-46 [2-10 |3-10 B
1-0
2.0 10-7s l1-01 |1+58 2-41 |3-29
3-0  0-82 1-07 '1+67 2-55
0-85 40 .0-83 l1-13 l1-77 i2-68
5-0 0-98 [1-24 [1-90 |2-8Y
6-0 |1-10 [1-29 [2-16 13-08
.l 7.0 1-46 -74 |2-50 L
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41i) SR 45 charts
SR 45 charts are the results of the analysis of a series of model test
data for high spced cargo boats conducted by SR 45 based on ITTC 1957
wodel ship correlation line.

R.I="n';_'PV'/'V', ra=rukk,, ran=f (‘/g«;;—:’- * d.fi,, * %)

where r., is residual resistance coefficient for hull form of €, = 0.625
and Jev = 1.3%, %k and k, are the correction factors for ¢, and [fe respec-
tively when they are different from the standard figures for the hull form
of L/B = 7.00, B/d,., = 2.40, L,. 1is the water line length at full
load draught, and d,w: 1is the full load draft. The readings of charts
of rae, £y and k, on the full load condition, half load condition (70
percent of full load displacement with 1 percent trim by the stern) and
light load condition (45 percent of full load displacement with 2% trim by
the stern) are shown in Table 51 (a}), (b), (c), Table 52 (a), (b), (c) and
Table S3 (a), (b), (c). In relation to the charts of SR 45, the Ship
Research Institute of Japanese Ministry of Transport {SR1) presented the
charts of ra for the hull form of C,=0-575 and [.,=1:9% using the
similar method. The readings of these charts are listed in Table 54, 55
and 56,

iv) SRI charts for large full vessel with normal bow
SRI charts are the results of the analysis of a series of model test data
for large tankers conducted by SRI based on Schoenherr's frictional resist-
ance formula. ‘

L B 1%
=pa° 2 = — e Ly v - v e me e
R‘ ra s ' T f (B ’ dn.'t Vrf:'_?‘yal)

And the charts for the hull forms of B/d = 2.46 and 2.76 are presented on
the full load condition, half load condition (65% of full load displace-
ment with 1% trim by the stern) and ballast condition (44% of full load

displacement with 2% trim by the stern). The readings of these charts are
shown in Table 57, 58 and 59.

v) Others
In addition to the above, there are Todd charts and lap charts which are
applicable to the single screw merchant vessel hull form. Todd's charts
are results of analysis and mathematical fairing by usage of electrenic
computer of the model test data about 45 ships basad on Schoenherr's fric-
tional resistance formula and are given against range of C, = 0.60 - .80,
L/B = 5.5 - 8.5, B/d = 2.5 - 3.5. Lap charts are the results of analysis
of the various model test data using Schoenherr’'s frictional resistance
formula and the charts for each ,, of the hull form of R/d = 2.4 are
mada taking the speed length ratio as a base and C, (0-60~0-80) as a
parameter,

(c) Estimation of wave-making resistance
Estimation chart of wave-making resistance for large vessel (with normal
bow) is shown in Fig. 50. This is the results of the re-analysis of the
data of SRI tanker series, [L/B (C, and [, series of SR 41 and SR 61
_end Todd's series 60 based on Schoenherr's frictional resistance formula.
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0-79 0-75 0-80

C,r Prismatic cocfficient of forward half of the hull

Fig. S50 Wave-making resistance coefficient for

ships with normal bow

Table 51 {a) Residual Resistance Coefficient ruxo
(at Full Load Condition) (by SR 45 Charts)

v | B L/B

= - I v
vegLort dzraii §+5 ! 70 | 745 % g0

L/B

7:0 ‘ 7-5 | 80

2-0 |5-52 4-93 !4-42 3-92
2.2 5°25 |4+59 (4-21 14-03
0-20 | 2-4'5-13 .52 4:17 14-02
2.6 i5+15 l4-71 4-31 (3:90
} 28 5-32 5°16 4:62 ;3:66
2.0 5-82 [4-81 4-14 |4-17
2-2 '5:77 507 |4-44 4-22
0-22 | 2-4 5°75 [5:25 4-62 4-21
t2:6 577 5 33 ii-sg '4'é5
2.8 5+84_5-3 65404
270 §-23 4-92 14-28 4-44 ]
' 2.2 605 '5:17 4-58 ‘4-42
0-24 24 5-99 '5-37 480 4-41
| 276 6:03 552 4-93 4+40
' 2-g8:19 '5:83 i4-08 4040
,"2°0 7-00 6:02 5-75 1511 |
' 2.2 7-02 5°98 3:70 5-12
0-25 ., 2-4 6-95 601 5-75 '5+10
| 26 '6-80 '6-12 3-89 |5-04
i 2:86-38 632 '6:13 14:95
7270 950 8-41 (7-B1 666
. 22 9-33 1§29 7-74 6-81 |
0-26 | 2+4 9:28 'B-15 7°65 6-80
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(at Full load Condition)

(at Full Load Condition) (by SR 45 Charts)

Correction Factor k

for Cn

Table 51 (b)
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Table 52 (b) Corrcction Factor 4; (at Half Load Condition)
for C, (at Full Load Condition) (by SR 45 Charts)

I

: l y
V/ "___?\Iu 155 | 0455 | 0-57 lo-ssl 0-59 o-sol 0-61  0-62  0-63 | 0-64 | 055
VgLowe I l Lt '___ ; ?
0-20 ;0-56 | 0-95 ) 0 <95 0-94 | 0-93 1 0-23 ] 0-95 | 0-95 :1-01i 1-04 | 1-06
0-22 100 ' 1-00 } 1-00 1 1:0C 1-00 | 160} 1-00 1 0-95 . 1-00 | 1-02 | 2-05
0-24 C-99:0-99 '1-00 £ 1:00 , 1-00 | 0-99) 0-99‘ 0-9¢ : 1-01 ! 1-03 | 1-07
0:26  0:78 079 [ C-81 ' 0-8¢ | 0-56 | 0-89!0-9270-97 1 1:03{1-09 116
0-23 0-52:0:56 ! G-60 ' 0:64 %0'69 | G-76 | 0-84 | 0-S4 | 1:04:1-12 | 1-20
0-30 1 0-48 ! 0-51 | 0-55; 0-60 : 0-66 .o-73! 0-83l 0-9311:06|1-17 | 1-28
0:32 :0-5¢'0-57 |0-60 - 0-64 | 0-6910:76"'0-84 ! 0-04:1.051-18]1-30

Table 52 (c) Correction Factor k; (at Half Load Condition)
for 1, (at Full Load COndlthﬂ) (by SR 45 Charts)

la?o: i } i E : I
%;:;;L D 076 io-s {10 12 {1-4 |1-s {1 8 t_z-o iz-z l 2+4 i 2-6
VELoweL i ! ! '
0-20 | 1-02 | 1-01 | 1-00 ; 1-00 ; 0-99 1 1-00 | 1-01 _ 1-02 { 1+05 | 1-11 | 1-19
0-22  1-0511-0311-011-000-39 | 1-00;1-01 | 103 | 3-07 , 113 [ 123
0-24 1-05{1-05|1-02/1-60 , 0:99,1-071-02 | 1:05 | 1:11 1118 1-27
0:26  1+15,1-07 [ 1:02 | 1-00 | 099 | 1-01 | 1-03 | 107 1 1+11 [ 1-16 | 1-22
0-28  1-05 | 1-03 { 1-01 |1-oo1 0-99 1-00) 1-01 | 1-02 | 1-02 | 103 | 1-03-
0-20  1-04 | 1-02 }1-01| 1-00 | 0-99 | 1-00 | 100 | 1-00 ! 100 1-01 | 1-01
032 . 1-05] 1-03 | 1:01 | 1:00 | 0+99 | 1-00 | 1-01 | 1-01 | 1-02; 1-03 | 1-04
6-35 1-07|1-04'1-00]1-00/0-9911-00" 101 11-02 1-04 1051 1-07

Table 53 (a) Residual Resistance Coefficient rse
(at Light Load Condition) (by SR 45 Charts)

, =
v B L/B bv B L/8
_____ , /A
VeLowe drail o5 | 7.0 | 7-5 l 8:0 h’l/ngvL drair] .o l 70 ! 7.5 |1 8-0 -
x10*‘x1o’,x10* ¥107% X167 X107% X 1073 X 1073
2-0|5-62|5-25 521 14:09: 20 |16-67 [15-81 |14-82 12-58
2.2 1614|562 | 567 ;5-75 i 2-2 1629 |14-70 [13-82 1253
0-20 | 2-4|6-58 600 600 6-051 0-30 | 2-415-77 j14-00 }13-18 12718
26 | 6951 6°40 6-21 - 5-87 246 |15 nﬂila-vzllz 91 f11-55
_2:817-256°81_' 630 ' 5:21 __glﬁjai_gljlﬁ_ﬁﬁ ;3 01 10-62
2:0 [ 6-30 | 5-50 : 5-39 ; 5-25 2-0 {18-45 116-93 15-54 [13-79
2.2 {6-65 | 599 | 576 ; 5-83 2-2 118-16 !16-16 |14 Ba 1375
0-22 | 2-4]6-92 628 | 6-0t ;6-01 Y 0-32 ] 24 17-7C 15-57 1530 [13-39
2:6 4 7°12 ) 655 1 €713 5-50 26 117-05 115-18 [13+88 [12+70
v 2781 7:24 1 6°84 1 6718 5700 0 _2-8116:3C '14-97 13°59 1168
20| 7°34 [ 5°96 { 5-05 ° 573 2-0 {22-24 (20-15 {17-96 16-41
22 | 745 1 6°77 | 597 [ 6-16 | 2-2 21-41 {19°46 {1754 [16+39
0-24 | 2-4|7-53|7-19! 640 |.6-25 | 0-34 | 2-4 [20-75 18-85 |17-01 [15-97
2-5 | 758 | 7-23 | 6-34 | 6-00 } 2-6 120-27 |18-33 1638 {15°15
| 2.817-6116-88 ©5-78 " 5-41 ¢ _2-8 h19-95 11L§g_g§;54113 -93
2:0 939 | 7-90 | 695 ; 7-69 § 2-0 |31-05 [25-19 |24-57 i21-07
2:2 955 | BBl : 7-86 | 7-52 1 2:2 2910 [26+35 [23-37 21-04
0426 | 24| 9:6519:20 | E-21 | 7-50 1 036 | 24 27-70 [24-83 122-10 [20-41
2:6{9-67 907|802 764 i 26 :26-83 i23-52 |20°77 {1917
___Vzelower |42’ 729! 734" 2+8 126-50 '22-73 119-37 117-32
20 13-48 ;1322 12'53 .11-15 ;
2-2 1373 12°58 11-71 10-§3 }
0-28 | £+4 13-62 {12-15 11°20 ;1033 ,
26 {13+16 {11-93 10-99 {10- a1
26 12:33 1-oz eng | 9-61 k

_————— ..
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Table 53 (b)

Ca

-

et Wi e s maie

Correctio

n Factor k,

{(at Light Load Condition)

for C. (at Full Load Condltlon) (b) SR 45 Charts)

1
0-55 | O- ssl 0-57 | 0+5 sl 0-59| 060 | 0-61 ] 0-62]0-63]0-64 i0°55
1-07 1-10 ' 1°12] 1-11 [ 1-05 | 1-04 1-01 ] 0-99 ] 1-01 | 1+05 | 1-18
1-00 | 1-05 [1-07 108 |'1-07 | 1-04} 101 { 0-99 ] 1:00 ! 1:03 | 1-08
0-96 { 1+01 | 1-04 | 1-05 [ 1-04 | 1-02| 1-01 | 0:99 | 1:00 | 1-03 | 1-08
0-82 : 0-89 i 0-95 | 0-98 | 0-98 | 0-97{ 0-97 { 0-98 | 1-02 | 1-07 | 114
0-68 | 0+74 1 0-78 | 0-83 | 0-87 | 0-90 { 0-94 | 0-98 102 | 1408 | 1-16
0-65 : 0-68 | 0-71 | 0+75 | 080 | 0-84 | 0-90 | 096 | 1-03 | 1-11 1-20
0-7310-75 | 0-78 1 0-81 | 0-84 | 0:87] 0-92 | 0-96 | 1-02 | 1-09 | 1-18
o-asl 0-88 | 0-89}0-90|0-91}0-92!0-95|0-98|1-01| 1-07, 1-15
0-91 | 0-91 1 0-91 1 0-91 | 0-92 | 0-93] 0-95 [ 0-98 1 1-01 [ 1-05 | 1-11

Table 53 (c)

Correction Factor k2

(at Light Load Condition)

TT1T - 101

for [, (at Full load Conaltlon) (by SR 45 Charts)
\!d %
- l o-6 [0-8 |10 {12 |1-4 -J1:6 |18 12-0 }2:2 {2:4 |26
l/gan:.\ .
0-20" | 1-09 |'1°04 [ 1-01 '1-00 | 1-00 } 1-03 | 108 | 112 | 1-15 | 1-18 | 1-21
0-22 |1-06|1-03|1-01!1-00|1-00]1-03|1-08]1-12{1+15(1-18|1-21
024 |1-09{1-04}1-011-00{1-01{1-04]1-10}12-14}12-27[1-19}1:22
0-26 |1-10f1-05|1-02}1-00|1-01]1-05]|1-20}1+15|1-191:22]1-25
0-28 |1-08{1-04)1-01|1-00]1-00]1-03]1-07|1-11]1-15]1+19]1-22
0-30 |1-04{1-02{1-01{1-0011-00}1-02}1-05]1-09]1-12]1-15]1:17
0-32 {106} 1-03 [ 1-01 {1-00]1-01|1-03|1-05}1-10|1-14| 116! 1-18
0-3¢ 11-08]1:0411-01:1-0011-01)1-04]1-09{1-1311-171-20,1-23
Table 54 xesidual Resistance Coefficient res (at Full Load
Condition) (by SRI Charts for High Speed Cargo Ships)
v | B i} L/s v | & L/B
1’8LDWLid’”‘{s-s 70 7-5[ 8-0 ﬂ/fLDWL!d’”' 65| 7°0 | 75 | 8-0
l P %1073 X107 J.xm’ X107 X1073 X1073 X107 x 1073
} 2:0 5:61 3:96 4:37 4-55 20 | 8-30 | 8:25 | B-62 | 7-68
I 2-2 5-70 4:23  4-44 l4-13 2-2|9-02|7-90} 7-83 | 7-08
0-20 | 2-4 5-76 4-62 4-T4 3-9% 0-27 | 2-4|8-28|7-82|7-56 | 6-76
© 1.8 3-78 5-12 5-27 4+04 2-6|9-06 | 8-02 | 7-82 | 6-73
[_.5:_3-.§-7_?__§:Z4__. 103 _id-44 2-8 | 8-38 | 8-49 | 861 ; 6-98
| 20 5-51 5-28 5 5-69  4-86 | 2-0 {10-33 [10-53 |10-65 | 9-48
| 226016 5716 525 4-od 2-2 {11-01 10-07 | 969 | 8-65
0-22 | 2-4 542 524 518 4-38 || 0-28 | 2-4 11-16 | 9-78 | 920 ; 8:20
' 2.5 6°20 5-51 '5-49 4-39 2-6 110-77 | 9°65 | 917 | 8-12
2B 3080 5:98 5239 la57 2.6 | 985 ] 967 | 8-60 ' 541
200 5796 5-72 5-94 540 2-0 |12-56 |12-38 |12-23 10-92
I 2.2 '6:72 §-78 °5-61. |5-00 2-2 12-81 ;11-86 N11- 49]10-28
0-24 | 2-3 6-63 5-83 556 [4-80 || 0-29 | 24 {12-76 (11-50 10-62 | 9-82
' 2.6 6:74 6-03 '5:78 4-79 26 [12-42 1130 [10-14 | 954
| 2-8 6:01_6:02 628 l4-08 I  2-8 '11-79 .11-26 |10-87 | 9-43_
2-0 6-48 6-03 6-21 |5-81 20 {13-63 {1354 13-56 ;1234
] 2.2 7-07 6-10 5-87 ;5-33 2:2 14-17 [13-03 [12-63 111-64
0-25 | 2-4'7-28 '6-20 5-82 [5:10 |l 0-30 | 2-4 |14-2¢ |12-70 [12°08 I11-04
| 26 7:11 638 605 |5:12 2+6 {13-84 11256 [11-91 :10-54
_2-8 6-56_6:64 6-60 '5-39 ¢ 2-8 12-16 ,12-61 {12-11 10-13
. 2-0 7-31 6-79 6:79 6-51 |
l 2:2 772 5-66 546 |5-96
0-26 | 2-1 7-89 16:72 542 1572
| 2-6 750 '5-97 670 |5-75
| 2-8.7-49 7-40_ 7-3¢ l6-05



Table 55 Residual Resistance Cocfficient rpy (at Kalf Load Condition)
(by SRI Charts for High Speced Cargo Shlps)

T~ RSN S TR F = LRI S SRR gt L mp Sl S e e memc s mm e o

i
v | op D L/B |y B L/B
Vilow: d’”ﬂ 65 | 7-0 lv-f' 8-0 lV&LDWi drenl 6.5 | 7.0 | 7:5 | 80
|> 1073 X 1073 « 1077 X 107 -3 X107 X107 X107% x 1073
2-0 [4-97 13-93 ezl 4-07 2-0 | 9-79 | 9-43 | 9-37 | 8-59
2:2 15:24 4-49 '4-67 14-04 2.2 | 9-92(9-02|8-60 | 7-67
0-20 { 2-4 |5-36 .82 484 1398 || 0-28 | 24 | 9-BY | 682 | 8:26 | 7-1G
2.6 15:34 |4-92 !3-02 [3-89 2.6 | 9-55 | 8-83 | 8-33 | 7-05
2:8 !5-18 14-79 [1-90 3-78 2-8 | 9-04 | 9-06 | 8-82 { 7-33_
20 i5-14 14-95 5r18 4-51 2-0 {10-96 11-28 (11-11 | 9-65
2:2 i5:70 |5:12 506 |4-21 | 2-2 11-22 110-44 | 9-88 | 8-73
0-22 | 2-4 5-94 j5-24 [5-06 '4-08 | 0-30 | 2-4 {11-24 10°05 | 9:32 | 6-22
2:6 585 [5-32 1518 14-12 26 111-02 {10-14 | 9-44 | 8-12
2-8 i5-43 15-35_15-42 14-33 2-8 110-5¢ 110-69 [10-24 | 8-43
2-0 |587 16-10 6-66 5-26 2-0 [12+11 [12-10 [11-90 |10-07
2-2 6-44 !s-73 l5-94 l4-79 2-2 l12-64 [11-48 f11:00 | 9-64
0-24 | 24 666 |5:62 |5-68 (4-54 || 0-32 | 2-4 [12-78 {11-24 [10+60 | 9-30
26 6°52 1578 |5°87 [4-50 2-6 [12-19 |11-38 [10-76 | 9-07
2-8 6+03 6:21_[6-52 |4-67 2-8 111-79 111-91 [11-47.! 8-94
2-0 17-36 17-10 {7-53 |6-34 2-0 (13-95 i13-50 [13-20 11-16
2.2 {7-77 (6-86 |7+02 |5+94 2+2 [14-36 {12°76 |13-20 |10-68 .
0:26 | 2-4 {7°50 :6-80 682 [5-66 [ 0-33 | 2-4 1435 [12-43 |11-77 {1029
2-6 7-76 [6+92 16°93 [5-51 2+6 {13-65 [12-53 |11-88 [10-00
2:5 |7°34 |7-21 |7-36 |5-48 2.8 [13-16 {13-02 [12-47 | 9:80

Table 56 Residual Resistance Coefficient rgeo (at Light Load Condition)
(by SRl Charts for ngh Speed Cargo Ships)

v | B | L/B : v | 8| L/B

VELow: d’“‘!s-si 7~o| 75 | 8-0 p’gLDWL!d’“ s-s} 7-0 | 7°5 | 8-0
| X107% X107 x1oﬂlX1oﬂg X107% X107 X 1073 X 1073

2:0 '6-23 |5:70 |J 73 462 f 2:0; 971 6:64 | 9:43 | 8-64

| 22 16°3¢ |5-60 l5-90 P 86 i 2-2}10-30 9-44 | 8-91 | 8-28

0:20 | 2+4 '6-46 (602 .s 15 5:04 || 0-28 | 2-4 110-42 0-38 | 874 ) 8-05
2:6 6°58 [6-37 16-46 |5°15 26 10-08 | 9-48 | 8-92 | 7-98

2-8 '6-75_'6-82 '6-88 }5-20 2-819-2819-72! 9-46 | B-05

7200 7:02 16-36 6-57 [5+35 | 2.0 11:29 110-75 110-31 | 9-34

2-2 17-02 16-32 6°45 (5-51 22 (11-45110:50 1 9:73 | §-12

0-22 | 2+4 .7-02 |6-46 (6°54 {5-38 4 030 | 2-4 [11-40 10-44 | 9:64 | 8-95
2.6 7-03 ;6-78 £:84 15:35 ! 2.6 '11-13 '10-57 | 9-83 | 8-88
28 7-05_17-27 7-36 5043 i 1 25 10:65 110:85 10-20 | 886
| 2°0 788|716 .7-25 675 | 2-0 113-74 1243 {11-32 110-77

22 17-93 712 {7-06 l5-36 | 2-2 '13-63 11241 |11-36 110-75

0-24 , 2-47-88 ;7 20 (7+08 [6-310 1§ 032 | 2-4 13-35 '12:36 11-34 '10-60
26 \7+72 7-41 |7-30 [5-97 | 2-6 13- 01512 29 11-27 10-37
V23’745 jre7d 772 5:98 § | 20812036 12:19 31115 9°75
270778 B-24 823 |1-68 | 2.0 1830 17-01 16-16 11437

2.2 916 8-21 ,7 99 |7-42 2-2 18-71 1706 115:20 14-22

0:26 : 2-4 9-18 8-24 J7eZ00 0 0-24 | 2+4 18:30 16-40 465 13-90

! 2.6 i3-83 832 's 08 17-03 ! 26 17-35 15-93 ;14+27 113-22

P 287812 's'45 541 6 ;9__&_____ | 28 15:87 15-64 14-13712°17
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Table 57 Residual Resistance Coefficient

R
r.’zijﬁﬂﬁxd (at Full Load Condition)

(by SRI Charts for Large Full Ships)

. Bdr=2ea6 L " B/drai=2-76 _
__¥Y NL/B L/B/
I 52! 66] 70| 74 % 6216670 74

Vng”Ca ,/Ca

X167 X10°Y X 1073 x 1077} x 1073 X107 » 1073 x 1073

0-7813-07{271| 252|244 | 3-07|2-77|2-63 | 2:57|0-78

0-14 | 080 3-613-20}2:90 | 2-79 | 3-71 3:36 | 3-20 { 317! 0-80

0-82| 3-03 1} 352|323} 3-02 1} 4-1113-7513-601! 3-591] 0-82

] 0-8414-75) 4-40_1 4-08 [ 3-95 1 4-70 | 4:57 | 4-45 1 4-44 | 0-81

0-78| 2-15 | 2:82 | 259 | 2-52 | 3-20 { 2-83 | 2-73 | 2-¢9 | 0-78

0-16 | 07€0| 3-71|3-30 | 3-02 | 2-89 | 3-82 3-4513-30 { 3:25 | 0-80

0-82) 4-08 | 3-64 | 334 | 3-17 { 4-25 | 3-90 | 3-76 { 3-73 | 0-82

0-84)| 5-13 | 4-66 | 4:34 | 4-10 | 4-90 { 4-72 | 4-65 | 4-61 | 0-84

0-78| 3-27 { 2-96 | 2-73 | 2-64 | 3-30 | 3-01 { 2-92 | 2-89 | 0-78

0-17 | 0°80| 3-90 | 3:50 | 3-17 | 3-09 | 4-00 | 3:63 | 3-48 | 345 | 0-8D

0-82| 4-33 | 3-86 | 3-56 | 3-43 | 4-54 | 4-18 | 4-03 | 4-00 | 0-82

0341 5-60 | 5-C2 | 4-72 ) 4-52 || 5-25 [5-13 | 5-12 | 5-12 } 0-584

-7813-5¢ | 3-23 | 2.90 | 2-92 § 3.56 [ 3-29 | 3-16 | 3-13 | 0-78

0-15 | 0780 4-20 377 | 3:50 | 3-42 | 4-23 3-94 | 3-79 | 3-76 | 0-280

0-£2| 4-83 §4-35{4-03]3-91 | 4-98 | 465 | 4-50 | 4-50 | 0-82

0-8416-30 1 5-74 [ 5-40 | 5-26 j 5-90 {5-90 | 5-£0 {5-90 } Q-84

0-78] 3-96 4 3-63 | 3-41 1 3-35 | 3-97 { 3-€8 |3-62}3:62|0-78

o-10 | 0:80[4-67 | 4:23]3.98 | 3-89 | 4-74 4-42 1 4-28 | 4-27 | 0-80

0-82{ 5-61 | 5-15 | 4-85 ] 4-74 | 5-84 | 5-44 | 5-27 | 5-26 { 0-82

0:84] 7-60 | 7-00 | 6:64 | 6-48 | 7-40 §7-22 1 7-20 ) 7-2C | 084

0:781 4-50 | 4-22 | 4-05{ 3-99 | 4-55 [4-33 | 4-23 | 4-24 { 0-78

0-20 | 0780|525} 4:85|4-60 | 4-56 | 5-35 5-03 14-93 | 4-93 | 0-£0

0-52] 6-50 | 6-10 | 5-84 | 5-75 | 6-70 | 6-40 | 6-24 | 6-23 | 0-82

0-84]9-20 | 8-70 | 8-35 | 8-20 { 9-10 19-00 ) 9-00 | 9-0C | 0-8%

0-73]| 5-55 | 5-19 | 4-99 | 4-94 || 5-54 | 5-25 { 5-153 | 5-15 | 0-78

0.1 | 080 6-21} 581 5-5815-53 | 6-26 6-03 | 5-93 | 5-92 | 0-80

0-82| 7-55 | 7-15 | 6-25'} 6-88 || 7-67 | 7-50 | 7-40 | 7-40 | 0-82

| 0-84 [10-50 |10-10 | 9-80 | 9-60 10-60 {10-40 110-40_10-40 | 084

0-78| 6-98 | 6-61 | 6-42 | 6-34 | 6-97 | 6-67 | 6-58 | 6-58 | 0-7¢

0-22 | 080 | 7-73)7-33}7-07 7-00 } 7-85 | 7-52 .45 | 7+45 | 0-80

= lo-52| 900 | 858 | 6-32}8-30 || 9-25 | €-86 | 8-S3 | 8:83 | 0-82
0-84 1200 111-53 11-25 J11-10 J12-10 12-00 12-00 1iz-co { 0-341
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Table 58 Residual Resistance Coefficient

’ R‘
¥ S
{by SRI Charts for Large Full Ships)

r (at Half Load Condijtion)

B/dg.i=2-46 B/drei1=2-706
V_RKNI/B I
\/ng;*\ 6-2| 66 | 70| 7-4 } 6-2 | 66|70 74 / VgLowt
CP - Cs
X1079 X103 1074 X 1079 > 1079 x 1073 X107 X 107
0-7813-67.13-30|3-05 | 2-94]3-50}3-35[3-20( 317|078
0-14 | ©°€0[4:28} 379 13-46 | 3-33 § 4-40 } 3-97 3:73 | 3:7610-80 | o .,
0-8214-90 | 4-23|4-00 | 3-84 [ 5-08 | 4-63 | 4-42| 4-37{ 0-82
0-84|5-85 | 5-48 | 5-97 | 4-83 || 6-20 | 5-72 [ 5-52 | 5-50 } 0-84
0761 3-94 | 3:6313-23|3-224-011}13-68]3-52] 3-50]0:78
0-16 | 0€0 [ 4:61 ) 4-15 3:79 1 3-65 || 4-72 | 4-32 1 4-13 1 4-10 [ 0-80 [ , ..
0-82|5-20 | 470 | 4-33 { 4-13 [ 5-45 | 4-95 | 4-71 | 4-68 | 0-82
_— 0:84.16-40 | 554 1535 15-10 {1 6:60_| 6-03 15-85 1 5-821 0-84
0-76 | 4+46 | 4°07 | 382 [ 3-74 || 4-48 | 4-16 | 4-04 | 4-03 | 0-78
0.1 | 0°80| 518 | 4-75 | 4-46 4-35 § 5:31 | 4-93 1 4-78 | 4-77 | 0-80| o 4o
0-80 1 6-17 | 5-50 } 516 | 4-98 | 6-26 | 576 | 5-54 | 5-54 | 0-82
0-Fd| 735 | 6-88 1 6-40_ | 6-17 § 7-60 | 7-25 ) 7-08 | 7-00 | 0-84
0-75 | 4:86 { 4°52 1 4-24 | 4-13 1 4:86 | 4-56 | 4-43 | 4-42 | 0-78
o-19 | 01801 570 | 5-27 ¢ 4 95 | 4-84 ] 586 | 5-47 | 5:29 | 5:27 | C+80| . .0
0-82| 6-82 | 6-26 | 5-85 | 5-76 | 7-C5 | 6-48 | 6-26 | 6-26 | 0-52
0-84| E-CO | 785 | T-45 | 7-27 y 8:80 | 8-30 , 8:20 } 8-20 | 0-84
0721 543 1 5-06 | 4-80 | 4:69 | 5-50 | 516 [ 5-00 | 495 | 0-78
0.0 | €80 | 6-41§5-91 | 562 | 5-51 § 6-57 | 6-13 ) 5-92 }5:90 | 0-80} , o,
0-82| 7e721 718} 6-82|6-70 1 7-95 | 7-48 | 7-22 | 7-20') 0-82 “
— 0-84 110-00 | 9-50 | 9-00 } 8:80 §10-20 } 8-90 | 9-70 | 9-70 | 0-34
678 | 6°31 | 5-87 | 562 | 5-52 { 6-35 | 5-G5 { 5-83 | 5-80 | 0-78
0.y | 0-80| 7:32 | 6:B0 | 6-50 | 6-40 | 7-48 | 7-04 | 6:84 | 6-83 | 0-80| . 5,
0-621 6-75 § 5-20 | 7-84 | 7-72 4 9-10 | 8-60 | 8:35 | 8:35 | 0-52 “
_ 10-84111-20 410-75 |10-20 [10-20 }13-50 [11-10 11-07 h1-00 | 0-84
0-75! 7-46 | 7-00 | 6:72 | 6-52 § 7-50 | 7-10 | 6-90 | 6-50 | 0-78
~. o 0-50 1 8-56 | 8-10 | 7-78 | 7-65 [ 8-84 | 8-42 | 8-24 { 8-22 | 0-80 a2
022 1 0.52 1020 | 9-70 | 935 | 9-20 [10-55 {10-05 | 9-95 | 9-95 | 0-82 6-2
G-84 113-00 12-50 112-20 112-00 413-10 11230 1260 '12-60 1 0-84
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- Table 59 Residual Resistance Coefficient

R
,,rnﬁ-v,-,‘}-yi (at Light Load Condition)
(by SRI Charts for Large Full Ships)

.

- B/ifr.u=2-45 ; B/Ei,-_“—_g.;n .
v_|L/E | l L/k 14
 VELowil N_ | 62 | 66| 70| 74 62| 66| 70| 74 /elowe
Vngwl:.C'\ l . g Al glowe
X107 X1073] X107 X 1073 X 10} X 10-9 X 10°¥ X 102
0-78 | 4-50 | 3-98 | 3-64 | 3.51 !l 4-69 | 4-22 | 4-01 | 3-95 | 0-78
0-14 | 98015-10 14-49 [ 413 | 395 | 5-20 | 4-83 1 4-62 | 4-54 f0-80| .,

0-82| 575 | 5-14 | 473 | 4-50 || 6-90 | 5-56 | 5:34 | 5-27 | 0-82| ©0°3*
084 16-55 {5-82 | 5-40 | 5-31 || 6:90 | 6:40 | 618 | 611 | 0-84
0-78'| 4-78 | 427 | 3-88 | 3-73 || 4°90 | 4-46 | 4-24 | 4-17 | 0-78

0-16 | 08015:5214:9314:50 1 4-30 ) 5:70 | 5-25 | 5-02 [ 4-97 | Q-840 | __

0:826-34 | 568 | 522 | 5.00 || 6-70 | 6-20 | 5-96 | 5-92 | 0-g2| 016
_10:84° 7:30 | 6-63 | 616 | 5-97 | 7-70 { 7-24 | 7-03 | 695 | 0-84
0:78; 5-23 | 466 | 425 | 4-09 || 5-37 | 4-90 | 4-67 | 4-53 | 0-78

018 | 0:80{ 637|570 | 523|503 || 6-63 | 6-20 | 585 | 5-78 | 0-80 | .
0-6217-36 | 6-72 | 625 | 6-01 |l 7-83 | 7-30 | 7-04 | 7-00 | 0-82
" {0-8418-50 | 7-97 | 7-59 | 7-45 || 8:95 | 8:55 | 8-43 | 8-43 | 0-84
0-78 | 5-56 | 5-02 | 457 | 4-d4 || 5-70 | 526 | 5-01 | 4-93 | 0-75

019 o-eols-su 6:26 | 5:75 | 5-56 || 7-28 | 6:70 | 6-40 | 6-33 | 0-80 | o
0-82 | 8-10 | 7-46 | 6-95 | 6-73 || 8-65 | 8-08 | 7-76 | 7-70 | 0-82
0-84'6-50 | 8:98 | 8-61 | 8-45 | 9-90 | 9-62 | 9-50 | 9-50 | 0-3¢
0:78 | 6:10 | 545 | 5-05 | 4-85 | 6-20 | 5-75 | 5-43 | 534 | 0-73

0-20 | 980 7-60 | 6:87 | 6:35 | 6-18 § 8:05 | 7+43 | 7-05 1 6-97 | 0-80 . .o

0:821 910 | 8-35 | 7-89 | 7-68 || 960 [ 9-00 | 8-75 | 8-53 | 0-32 | %2
0-84 '10:80 10-33 [10-00 | 9-87 11-10 [10-90 [10-80 {1030 | 0-81
0-78 | 6-80 | 6-10 | 5-66 | 5-36 || 6-90 | 6-37 | 6-07 | 6-00 | 0-7

0.21 |080|8-55|7-77 | 7-23 | 6-96 | 9-00 | 8-38 | 8-00 { 7-90 | 0-B9 | . .
082 110-20 | 9-55 | 9-04 | 880 110-87 10-28 | 9-92 | 9-83 | 0-82
0-84 12-25 [11-85 [11-60 110-55 [|12-65 [12-55 1250 [12:50 | 0-84_
0-75 | 7°85 | 7-05 | 6742 | 6-10 | 8:00 | 7-35 | 6-93 | 6:80 | 0-78

0-22 | 0°80| 9-80 9-00 | 8-38 | 8-05 [10-30 | 9-56 | 9-23 [ 8-95 | 0-80 | | ..
0-82 11-80 [11-10 [10-53 [10-27 [12-45 [11-81 [11-45 [11-35 | 0-82
0-84 14-10 {13-80 13-60 11355 14-55 i14-50 114-50 114-50 | 0-84
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(d) Estimation of form factor

i) Sasajima-Tanaka's formula

Following formula was proposed for ¥ -
large full vessels in connection -
with Schoenherr's frictional : ]
resistance formula. “
- 2_
[v P P Vg
k::J;;' (2‘20."'&) ’ /f)
B 1 I
=)/ 1301 —Co=3al T -
0:40 0-50 0-60
where, P is derived from Fig. 51 ) _
using the above r . Fig. 51 Relation chart of P and r

ii) Tagano's formula
This was proposed from the results of analysis of the data obtalned by
SR 41, SK61, SR107 and the Mitsubishi Model Basin, and is the estimation

formula in connection with Schoenherr's frictional resistance formula,

C, B
- k=—0-087+8" 91;—;jc T
BVd?

where, [, is the length of the quadratic curve when the prismatic curve

of the aft half body is assumed to be composed of a quadratic curve and
a horizontal line for the parallel part under the condition eof constant
displacement.

(e) Estimation of roughness correction factor AC,
The proper value shall be estimated from the actual values derived from

the analysis of sea trial, One example of the actual values is shown on

Fig. 52 which are the results of analysis made by the two dimensional

extrapolation method using the Schoenherr's formula. The standard values
used by SRI and The Shipbuilding Research Centre of Japan are also shown

in Tables 60 ‘and 61.
w10 ?

0-0 T ¥ ¥ T L3 r.f’_ v v v ~T T Y v v v ¥ Y 1
‘ ot Ty
. (i N N
01 '-l.”..____“" }}.‘ 94 @ 95N e e of /-/g;s/
Rl
- 0-2} RPN 295, a Trea -
0 2 . 6]“\-"-_ . l -y 0./...»' -_7 _h‘,.\s/; 4.‘\90
£, Dy g L P/ A A e
NI iy T oal N P S N
- 0-3f e Al T Ly~
. Y ~ 13 L N oy . 98¢ Pl N
A, .-"‘} - _'_5_1‘.'\':’:—‘*‘%—-r/ ‘ol 8 =
Coaf P A RN DS 7
°bit-..;k _____ . N ( - )s.
é.-s\ 1-— \_.. . ‘— .._é_bl" =
--0-5b . A ,'VO'S\\
N e L1
~——— SR 98 Data of 1966 R Y
0-6f~ w«i--— SR 98 Data of 1967 \ - ~----- SR 61 Data
0ock T SR 99 Data of 19068 . weeeewe--- SR 41 Data
07k
L 1 1 1 1 1 1 L 1 | I

-9 10 1% 12 1-3 1-4 15 160 1-T )-8
K. As to the symbols in the
figure, refer to Table 81

Fig. 52 A(, » examples of results of analysis
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Table 60 Standard Values of AC, Tabie 61 Standard Values of AC,

(Two dimensional extrapolation (Three dimensional extrapolation
method; Schoenherr) method; Schoenherr)
Ship's Length m | AC,x10 Ship's Length ac, x1o* -
(m) d
100 and less 40.4 Full lLoa Ballasted
100 - 130 +0.3 125 and less 0.4 0.4
130 - 150 . +0.2
150 - 170 +0.1 125 ~ 250 Linear Interpolation
170 - 190 0
190 - 210 -0.1 250 and more 0.15 0.25
210 - 230 -0.2
230 - 250 -0.3 Note) 1..-AC, for small vessel shall be .
250 and more -0.4 dealt with separately.

" at slow speed range where the wave » F..R.

- 2, Ballasted condition to have the
40-60% displacement of full lecad

2) Estimati thod of resist-
(2) Estimation method of resis condition.

ance components by the towing

test of model ship
Total resistance coefficient (,
corresponding to F, and R, are
obtained from the total resistance
and speed measured by towing test.
According to the analysis of the
sbove C, by two dimensional extra-
polation method, residual resistance
coefficients C, and r. are obtain-
ed .corresponding to F, , and by K_.
three dimensional extrapolation pSV?
method, wave making resistance co- .
efficient C. are obtained corre-
sponding to form factor k and F, . Cra
Several methods are proposed to ('utl+kuhw B
determine the said k , but it is ;
usual to assume 14 k =C,;./C)u

© measured point

[ XL X

making resistance seems negligible
as shown on Fig. 53. Fig. S3 Deriving method of 1+ 4%

(3) Estimation method of each resistance component when the results of
towing tank test of similar vessels are available

The resistance components of the vessel and the similar vessel ( r« or &,

C.) are estimated by the same estimation charts or the estimation formulas

and then the estimated values for the vessel are obtained by multiplying

the ratio between the estimated values for each vessel to the measured

value of the similar vessel.

6.2.3. Direct Estimation Method of Effective Horsepower

(1) Method to apply @ of similar vessel or other coefficients

When two hull forms are similar, the effective horsepower for one vessel

is directly estimated from the value of the other vessel, assuming © ©F
C, (=3""XV'I/EHP’) egqual corresponding to the same F, .

(2) Chart method _
Ayre chart is a typical example. This method is simple but the accuracy
is not so good. :
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6.2.4., Other Componcents of Resistance

(1) Appendage resistance ]

Approximate resistance increase Table 62 Resistance_Increase . ____
duc to bossing and bilge keel are duc to Appendages (X)

listed in Table 62. ‘

‘Pesistance of the shaft bracket
{(kg) is given by the following Cargo ship &
formula. cargo/pas- High speed
senger ship
R=0-31"V? : : Passsheif;ger
! = Breadth of the arm (m) Single | Twin ’
screw | screw
(2) Air resistance .
Some percent of increase in Bossing 0 2.5 4.0
resistance shall be taken into '
account according to the size of Bilge keel 3 2.5 2.5
the superstructures, Refer to
7.3.3 when the calculation is
to be taken. : (

(3) Resistance increase due to fouling

The frictional resistance increases when the hull surface becomes rough
due to foulings caused by peeling-off of paint, rusting or adhered sea
organisms such as sea weed. It is a rather complex matter how the foullng
of the bottom is generated after the ship sails out of the dock and ex-
periences show the different results depending on the characteristics of
the paint, location of port and seasons. One example of data is shown in
Fig. 54.

model ship (L=3.5m) . _actual ship (L=18.288m)
rovm-] di sym davs after
m ame .
PIT | 92504 " Thm bol painting
0-o1f -5 0:75 2 .
' 120 B 100 -
o 2-20 y 55
0-010
_nmgﬁkﬁénégg_i Y 370
' e v 450 .
0-009 Sa ol L
. -;‘FTMT ?.'gd Yr ‘;}: I
0-008 Yii t
S g-007 ¢ Lz
= - -
:,. 4 ﬁb - e rT
--iN om____A ——] UL .
} F w.‘?-
T 0005
L _
(&)
0-004 =
\
\\N
0-003 SRR I
0002 | 1L Schoeme g
0-001 Ji4L
0

1x10F 2 ) 6 8 1x107 2 4 6 81i=]0¢
Reynolds Number VL/e :

Fig. 54 Increaséd fricrional resistance due to fouling of bottom
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(4) Shallow water effect

In generzl, the resistance when the
water depth Is not sufficient is
different from that in the water with
enough depth as shown on Fig. 55.

The minimum water depth (h) not affect-
ing the resistance of the ship is shown
as follows:

- reslistance

Taylor h >10d or '
A>10d (V' /J/L?) at V/ASI <09
for ships of C,<0-65

. ship speed —
Baker Cargo ship & >7d L
High speed liner & >l0d Fig. 55 Shallow water effect

Kinoshita For the wave-making resistance j/d>30V//FL

Sudo Increase ratio o of frictional resistance

"0 (%)=191-4 (VASh—0-32)* +16-57 (VIA/h~—0:32)
Lackenby When A,/k*>0-05 , ~ass.uming decreasé in ship speed vy
A,
6‘V/V=0-1242(h—; - 0~05)+ 1 —{tanh {gh/V?*)}'~

Proposal for sea trial for VLCC and ITTC Trial Code

h >3/Bd and h >2-75V7/g
where, A, = Sectional area of midship

Other than the above we have the charts of Sjostrom (Naval Engineers
Journal, 79 (1967), 271).

(5) Others
As for resistance increase by wind and wave, 7,.3.3 and 7.3.4 are to be

referred to.

6.3. Propeller

6.3.1. Definition of Terms (Refer to Fig. 56)
#Z = Number of blades, D = Diameter of propeller, P= Pitch, Pitch ratio
p =PsD , Blade thickness ratio t = Blade thickness at centre line/D ,
Boss ratio b = Boss diazeter d4,‘'/s5 , Expanded area ratio a,=4,/A, ,
Projected area ratio a,=A,/4, "fwhere, A4,, A, = All blade expanded
area and projected area except bess part, A, = Propeller disc area =

#D*/4, u,fac% 1.067 — 0.229p )}, Average blade breadth ratio = Average
blade breadth Lan/Dempa.f 12Z 01 -5)Y |, Maximum blade breadth ratio =
Maximum blade breadth [_./D .
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profile plane expansion

rotational rotational
direction 1,, direction
- P-b’l

i r-:-\—c') A’ . .".',‘ % 1.7
\ § shaft
) centerline

L 4 [blade thich: section of . ¢*

Fig. 56 ]
6.3.2. Major Series Propeller Chart (Table 63 and Table 64)

(1) K:, K.~J charts (non dimensional) (Refer to 6.1.1.)

Thrust coefficient K, , Torque coefficient K, and Propeller efficiency 7n.

are shown against Advance coefficient J or Slip ratio s . (Fig. 57 (a),
(b), (c)) Furthermore, as for the propeller of Troost B series, coeffi-

cients are given when K, and K, are approximated by a polynominal using
J. p. a, and Z (Symbols"marked ' are in English unit ,=104-51kg-sec?’/m* ).

Vl . VtA Vl’-ll
= ——= — = . ~—===101- —_—
;o =P (1—=s.)=30 87y 101337
Vo J Vi Ve
=1—-==1—-—-=1-30-87—-=1-—101-33 ——
52 op 1 ; 7NP 1 }Ol 33‘\ ;
' T T THP THP T
S e e m == . — - =g, )4 b - ——=1. b l=1. L I,
N, onih 34 45‘\',,”‘ 5-022<10 v, ND* 1-5501 %10 IND 1-8102Xx10 MDA
Q DHP . DHP’ THP_TV, J K,
N =—-——= ———=0. X 8 - e
D 24570N’[)‘ 9-507X10 Mo 70=Dnp 2:7Q 2n K,
When =n or p are eliminated by the combinations of K, K, and J,
. K, T THP . Ka Q
Kip= :1-;=;"/“‘-,5;=S-271‘V-;-,—57 . A°p=.7—"=0'03616 VoD
. Ke n'T LVITHP
A:n—-J. oV —3-533><10 v,
K nQ DHP
N ! - ..a-—_- T | ) e ———
IR TR T 0 8389‘,“,1),
K ::Eg—-—_—”.’g._ xxo-dEQl._‘_.P
Qn Jl pV," =§-805 V“,
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Table 63 Ship Research Institute (SRI), C.P.P.,
Troost, Gawn Series Propeller Details

Blade
thic?-
Se- BSymd ness D n N
riesbol] ? € lons /D ¢ ?;)eaggh b » [ 7] 1 Rake V/xee R.x10* [Figure
0.7R
¢ | 2.}0-233, ) 0:6-1-0 — 55 N
! B[ o35 |°% 7% o200y | 20 [o-s09] v01s | 70 [Tas
g | 0:50 y0-376 0050 95 | 17T Bl S S N YR
Nl S O T e e
. - 381 : - : ———je e LT8R
' - 1) -
| 0-40 | 0-24 7-05 . _1gr A3 .
- AV e .. . d4~1- . 0°- 7-0 - )
M| Tt 1o e e oemted) mo fosm| o | 30 fotd
D | 41040 :0:226 | 7-59 i s b0 81,
_ | = 0:55 1 0:31]. 552 0-5~1-6 e - ABT_ ] M 61 (h).
| To:70 1 0:a8 P — ey e
- . . to. . . "
(O P e e W PO o
‘o -— | V00 __ U eI8 . : . ‘a1 50 -1 1-00 10° L--....--’.-.._.; . Ol 1 )
ol B R TR Al BVETEEN o N T e
3| Jemss_| o208 8:25 [z - 98 T eice)
X | g }O070 10264 6-50 0-5~1:5 e} 128 ] M 61K
- 0:85 _} 0:322 ; 5-33 ~ 1153 ) et
Faul o0 Towzedi 6-50 0:-5—1-1 12-0 | 125
. .319 ¢ 1~13 ig.
o | B3 *-g}-;—g*;’-g lo-3¢ |0 «~1-0| 220 -0 :ﬁ:zg:- F;:ﬁ.m,.
B. 29 Vsl ———— b e e e g SO TV .
S5 _q-.tof_o:.zes.; 0-050 L1 | o 121184 | Fig.
<] ¢ Vo055 10364 0-30 | 0-6~1-0! 250 12-0 | 16-6~2%5- 1)
Eé - l 0-70 | 0-454_! !‘ | 213~308
i . 'o- : 5- . . _9:5
? l 2 Lg '22-%1'0'33’1 0-055 287 | »J—Qq»-
' 2 g W90 O : —_— i _.‘._-.'_ . e ————
. L-Q‘,a.§_.l-g:.2.§ —4 6-66 0-180 . __J..s.... .._._8...5... 4
0-50_| 0-37 4-66 | 5:5. ] 80 _
i 3 1 0-050 ™ 5 5-0 |_ 106
 0:65 1 0:48 - o |
|1 0-80 | Fig. .
T _Q-_tg_*} 0-22_ 7-27 751 8:0 | _62(a)
&| B  0-55_! 0-30 5-29 0-5—1-4{ 240 | 1-00 15° | 63| 80 |"e2(b)
£ o T -1 "
3 € 4107 :0-20 10-045] 4-16 |60 10-0 62(c)
e 0:85
E 1-00_. _ e 0-167 .____-,E_J'_S.-__ -
s | 0:45_, 0:20 ) 15:8-8.9:__8:0 Tsz:.d)-
. . . -7~1- . 62
g s tp_sq,_g 026§ 4.040 |—5:48 6:7~79: _8:0 | "62(e)
L 1075 L, l
405 i I N S .
(| oo |
o) 6 1065 0-035 0-167 | 0-6~1-4
S|l__loso_ -] ——
3 1 0-S5_ !
: Z1 71 ~i"°'-7°—1 0-035 0-180 | 0-4~2-0 5°
! - 1 0-85 !
’ g (en) |
= 0-20 |
sy ag |
S =T I e
Ejof 3 07 0-060 0-20 610 | 1-10 0 833! 880
e _O_} B |O65 | L
',,:} 0-80 ,
- 0-95
. = 110 | |
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Note) 1.

2.

Normally it is written as "SRI MAU 4-40". This means a series
of tests for the propellers of number of blades ' (s)=4

’
Expanded area ratio . (a.)=0-40,

Pitch distribution is as follows:

Troost B4 Series ... gradual increase ( Dosoins=1-25 Pioss ) ,
SRI A4-40 ......... constant, gradual increase ((P.r-iea.=1-178 ) )

and gradual decrease ( P.,._,0s=0-869 P,,,)
Others .....¢....... constant

Ra=(l./D)nD'/v

Other than the above, there are SSPA 3—45, 4—47, 53. 60, 5—60, 6—60.
and 85. ) .

Blade profile and blade section are shown in Figs. 59 and 60.

1-7
1-6¢-
15

14

13 \\ \%ﬁ
™N

//

/

12— —N\
B N \\jﬁ'
1.0} \\\ \ X
r\ I
:‘é 09—t -1~ N
S ERNEA AN

K
i/

0-7

0-6
0-5
0-¢

4

TY7
1777
A
/y

iy
4

A

Fig. 57 (a) Ship Research Institute MAU5-65
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14
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1.1
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~09
-
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0
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03
0-2

s
0-4 n,
—0-3
0-2
0-1
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Fig. 57 (b)

04

14 1-6 -8

Ship Research Institute MAUS5-80

Fig. 57 (e¢) Troost B5-60

IITI - 113

Losearaidady o o S e
Biblioteca da Escola Fuliiécnica
e OX

PRI S o



Table 64 Nozzle Propeller of Wageningen

Form of Nozzle L .
Propeller :
Nozzle| /D s/l [/t le.deg | Profile
B 4-55 1 axial | circular cylipder NACA4415
2 0-67 0-15 0-04 12-7
3 | 0-50 1 12-7
4 0-83 12-7
S 0-50 15-2
6 ’ I : 0-04 10:2 |NACA4415
7 0-05 12-7 |NACAS41S
8 0-50 0-03 NACA3415
10 0-40 0-05 NACAS415
B 4 -55 11 0-30
B 4-40 7 0-50
B4-70 7. ’
B 2-30 7 )
B 3-50 7 J
B 5-60 7 Q-50 0-15 0-05 12:7 [NACA5415 -

Note) 1.

a gy

o

Length of nozzle, ¢ = Thickness of nozzle, / = Nozzle camber,
Angle between nozzle centre line and nose tail line of )
nozzle section (Fig. 58)

2. Other than the above, there is a propeller using Kaplan blade form.

Fig. 58
%
VAN
p= 0 NN
dease J ’ \
_SRI A type i\ |
SRL AU type v V| ;
T& AT tyoe ’§ ﬂ
. \ i
\ ‘)
RN 0-2R
7N
0 Y
Fig. 59 Blade profiles (when the Fig. 60 Comparison of blade
generating line and the . " sections (when the
maximun blade breadth ’ maximum thicknesses
are coincided.) are taken same.)
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(2) B,-85. B,-8& charts
(a) Units (Table 65)

Table 65 Units used for B,-8& Chart

Charts Density ,» . | 1 Horsepower 1 kt . | Diamnter p

Ship Research

. Ry A
Institute (SRI) 104-51kg sec’ /m' 75 kg m/sec 1852 m/h m
Troost -i6.2"_- .l(.g—s‘e—c‘;;t;\:_- . 76 kg m/sec 6080 ft/h ft

Taylor 1-990 5 1bsec’ /ft* 550 1b ft/sec 6080 ft/h ft

(b) Ship Research Institute charts (Fig. 61 (a) - (i))

_ N(DHP)** n (DHP)** Kones
By== i =11387 '"W.——=33-70K.,..“=33-70( )
N(THP)** . n (THP)** 4 Kones
By= =138 =13-444 K5 =13-444( )
_ND_ 3087 |
Ve T

In addition to the above, and for the convenience of propeller design,
"8ors by which D is decided to give the maximum 7., against a certain B,
and &, *+5% which gives p of #5X from the same D and also

 A=&%/B,= (N*D*/DHP)**=157-07//K, (refer to 6.4.1(1)) which is used for
analyzing wake tactor w are shown in Fig. 61.

(¢) Troost charts (Fig. 62 (a) - (e))

The meanings of B,, B, are similar to those of Ship Research Institute

charts but according to the difference in units adopted, B,=33-13K..**
B,=13-22K,.**, &=101-33/J , namely, B,, B, in Troost charts = 0.981 x

( B,, B. in S.R.I Chart), & in Troost chart = 3.281 x ( & in S.R.I chart),
and when DHP (THP) is given by metric horsepower (75 kgm/sec) in sea water,

B,, B, shall be calculated as 75

DHP’ (THP’ )=ri—2—5 X 76 DHP(THP)=0-963 DHP(THP)
&uri. 8ory *5% and A in the charts represent the same meanings as in

the S.R.I charts.

(d) SRI charts for C.P.P. (Fig. 63 (a) - (d))
These charts.can be used same as the charts for the fixed pitch propeller
but in this case there are two kinds of charts, one is the charts (Fig.
63 (a), (c)) for standard pitches made on same basis for the fixed pitch
propeller/and the others are the charts (Fig. 63 (b), (d)) for represent-
ing the characteristics when the pitch angle is increased or decreased
from a certain standard pitch ( p,=0-6, 0-8, 1-0 and so-on). Fig. 63 (d)
is corresponding to :K, K,-J charts.

(e) Nozzle propeller charts of Wageningen (Fig. 64)
Units adopted are same as those of Troost chart but ¢ is used as a para-

meter,
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Fig. 61 (e) Ship Research Institute MAU 5-65

Ship Research Institute MAU 5-80

Fig. 61 (f)
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Ship Research Institute MAU-CP 4-55
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(3) u—o chart (non-dimensional) (Fig. 65)

u=n ,.’..__:_!___, 0:-.'22:-—.:-1— !‘_"ng_‘f : =V e—l_).. J
v a VK, - 2nQ2nK.,J Q vy,

When the particulars of propeller and the torque are given and one of T,
n or V, is decided, the other two values and 5o are able to be easily
obtained from this chart. This chart is convenient for the calculation
of the performance of controllable pitch propeller and the towing force
of the tug boat. B, —&. B.,—#& charts are not convenient because they give
extraordinary big values of 'B, or B, when V.=0, but y—o chart does
not give such extraordinary values and is very convenient for calculating
the thrust of slow speed or moored condition. (Refer, to 6.3.7.)

(4) Schmidt's charts

Schmidt charts are the converted one from K,—J chart to the form of Ke—p
(Fig. 66) or K.’ —p by adopting J as parameter. Each chart is convenient
for the analysis of w and N. '

1-6——-—3 ‘
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1-5} 4 !
{ N, - N/100 |
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Fig. 65 Troost's u—o chart Fig. 66 Schmidt's chart,
Troost B5-60

ITI - 123




6.3.3. Design Method
Normally, the design is carried out based on the full load condition and

_maximum continuous or normal output of main engine without sea margin,

In case of the merchant ship with normal hull form, the difference of B,
relating to the outputs of main engine is small and -‘the-results-of the

" design are almost same because BHP and N are proportional to V® and V

respectively, The revolution of the propeller N shall be taken 2 - 5% .
higher than the rated value considering the allowance for the reduction of
the revolution due to the fouling of the bottom shell and propeller during
the ship is in service, This is particularly important for the diesel
propulsion ship because the maximum torque of the diesel engine is limited,
It is recommended that for the wake factor the value of an actual type
ship as similar as possible analysed on the same charts to be applied to
the new ship in question shall be taken, because the wake factor has not so
big influence to D but it much affects p and, as the result, the revolu-
tion N . (Refer to 6.4.1 (1))

The propeller performances given in the charts represent those in open
water and it is necessary to give them some corrections in order to get
the best propeller behind the hull. For example it is said that.in case
of Troost's chart, D shall be reduced by 2 - 5% for single screw vessel -
and by 2 - 4% for twin screws vessel depending on proportion of the ship's
hull (more reduction for fuller hull). The diameter of the propeller
given by each chart is a little different from each other. For example,
MAU chart gives diameter of propeller about 5% smaller than Troost's chart.

(1) Design method using B,—%. B,—4&charts

When:V,,, N and P=DHP(U=THP) are given, B, (B,)is to be calculated
and then p and D=¢XV,,/N are to be obtained in order to get the maxi-
mum 7, corresponding to the B,(B,) . If §&,,. curve is given in the
charts like Fig. 61 - 64, it is recommendable to use this curve to obtain
the above figures. These procedures are carried out on the charts of
every a, while the values corresponding to e, decided based on the study
of the résults of the sister ships and the cavitation are to be obtained
by the interpolation method. If there is a limitation on the diameter, &°
is to be calculated and then p and 75, are obtained from this § and

‘B, (B.). The result of the design shall be confirmed by reviewing THP and

DHP according to this », .

(2) Design method using AK,. K,—J charts
J=30-87V  /INDY=C,D "', K¢= 24670DHP/(N* *)=C, D" * are calculated on some
D vusing given vy,,, N and DHP and then p. 7. are obtained from the
charts, TFrom these results, p, » 7. are to be so decided as to give
the maximum 5,. When THP is given, K,=5022 THP/(V..MD)=C,D*

is used instead of A,.

-

. (3) Simplified design method

Fig. 67 shows the approximate calculation chart of the propeller diameter
based on the shaft horsepower and the revolutions. Good approximation
are given for 4 and 5 bladed propeller but a little (about 3%) smaller
values are given for 6 bladed propeller.
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6.3.4, Effect of Various Factors, and Phenomena

{1) Expanded area ratio as

The smaller e is the higher n, becomes, but abnormally small a: is not
recommendable because the thrust load on the blades becomes too heavy,
which easily causes the cavitation.

(2) Blade profile . )

The slendar tip blade gives larger n, and is favorable to avoid air draw-
ing but under heavy load the thrus: load near the propeller edge is apt to
become so heavy as to cause the cavitation.

(3) Skew back .

Small influence is given to the performance of the propeller by skew back
but it is able to reduce the effect of the turbulence of the wake by
increasing the clearance between the stern frame and the propeller tip
which is favourable from the viewpoint of prévention of the stern vibra-
. tion. But abnormally big skew back is apt to cause cavitation and air
"drawing.

(4) Rake .

Small influence is given to the performance of the propeller by rake but
it gives prominent effect to increase clearance between the stern frame
and the propeller blade. But abnormally big rake requires thick blade
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to ensure strength of the propeller (when the rake is given forward, the
thickness of the blade can be reduced)., (Refer to 6.3.6.)

(5) Scction of blade - .

Generally the aero-foill section gives higher efficiency than the circular
section, but the circular section is normally applied to tip part of the
blade because it generates homogeneous pressure distribution on the blade
which is more preventive of cavitation. The circular section is recom-
mendable for a tugboat or an ice breaker because of its higher 7o (10%
higher than that of the aero-foil section) in case of reverse revolution,

(6) Blade thickness-breadth ratio
The marine propeller of thinner blade, in.general, gives larger 7. and
the thicker blade is apt to cause cavitation. The different blade thick-
ness-breadth ratios give the different hydrodynamical characteristics on
their blade sections, and it is necessary to modify D, p and 75, when
the values of the blade thickness-breadth ratio of the designed propeller
are different from the same cobtained by the charts applied.
If &(t/1) = (Value of thickness-breadth ratio at ¢-7R of the adopted

blade) - (value of the blade of the same series (Table 63)),
Correction amount of D =—1{0-1x&{1/1} [(thickness~breadth ratio

of series propeller)!}D

Correction amount of P £2JX&(1/1)
Correction amount of no &% —(2J—0-5p)X& (/1)

4/3 times of correction to p and 75, are to be adopted for the propeller
of the circular blade form.

(7) Ross ratio &
The smaller boss ratio gives the higher o . .1f &b = (adopted value)
- ( & of chart (Table 83)), = c o o

Correction to p.=0-16b ) ’
Correction to %, %--0-75n, (b.—0" 05)56 . . (in case of $.=0-2~0-8 ).

Where &, = Ayerage value of adopted p» and & of chart applied. When 3«
becomes smaller, n. decreases further. 4/3 times of correction to each
value shall be made in case of the propeller of circular blade form.

(8) Pitch distribution .
In the open water, increasing pitch gives higher 7, than constant pitch,
but behind the ship, the difference of efficicncy between thea has varied
by each case of experiment and no definite theory has been established.

(9) Shaft rake
The efficiency of the propeller bécomes worse according to the increase
in angle of the shaft rake.

{(1C) Propeller immersion

The efficiency of the propeller becomes worse according to the decrease
in I/D (Refer to Fig. 68 (a)). When I/D is too small, the equilibrium of
the water surface pressure is broken and air draw is caused ané then rapid
increase in revolution and rapid decrease in thrust may occur.

These are apt to be caused when p and s. are too large (Fig. 68 (b)).
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(11) Fouling . '
When the surface of the propeller blades is fouled, 7, drops to much
extent. '

(12) Singing phenoménon ‘ _
Singing is caused by the resonance of the natural frequency of the propel-
ler blades with the periodical pressyre of the Karman Vortex (Refer to
Chapter I, 4.2.3) caused by the trailing edges of the propeller blades.

In order to prevent singing, the thickness and shape of the trailing edges
of the propeller blades shall be changed.

6.3.5. Cavitation

' There are face cavitation which occurs on the front face of the blade,

back cavitation on the back face of the blade and tip vortex cavitation
on the blade tip or boss part, Face cavitation occurs in the vicinity of
leading edge when the angle of incidence becomes megative. When the wake
variation is expected such as the case of a full ship, attention should be
paid to avoid this cavitation. Erosion on the leading edge of the blade
due to this cavitation should be avoided in order to keep the strength of
the blade. Wash-back on the leading edge is effective to prevent face
cavitation. The most harmful cavitation is the back cavitation and there
are three types of back cavitation as follows;

Sheet cavitation occurs in the vicinity of leading edge of the blade as if
the blade is covered by a sheet and excessive negative pressure on the
leading edge causes this cavitation. This cavitation is rather stable and
considered not to damage the propeller blade.

Cloud cavitation which occurs only in the field of non-uniform flow is
post harmful to the propeller blade. This cavitation occurs at the

_near of the sheet cavitation and seems to have soxze relation to the col-

lapse of the sheet cavitation. Bubble cavitation caused by the excessive
negative pressure near the centre line of the blade or the part of the
maximum blade thickness is also h :rmful to the propeller blade.

Back cavitation occurs when following condition in relation to the propel-
ler form is fulfilled; '

p—e=(partial negative pressure on the blade) =kX(lift)/(/ dr)
. 1 )
=k—pV,'C
k2p ¢ |
Where, P = Absolute static water pressure including atmospheric pressure
' (10,336 kg/w?)y :

e = Vapor pressure of the water at the corresponding temperature
(Table 66)

k = Partial load factor .
V,= Inflowing velocity of the water to the propcller blade
C.= Lift coefficient (Refer to Chapter I, 4,4), 1= Blade breadth
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Table 66 Water temperature and vapor pressure

Temperature °C 0 5 10 15 20 25 30 35 40

e kg/mz 62 8¢ {125 { 174.| 238 .322 433 | 573 | 752

Cavitation is caused by excessive V, and C, due to too large angle of
attack or by excessively small { . And also, unsuitable blade form such as
blade of too much thickness,sharp change in curvature of blade section cause
cavitations by generating excessive partial load on the blade (suction
peak due to excessive k). There are many measures to prevent cavitation
such as increasing the blade breadth, reducing the blade thickness and
reducing angle of attack, but the most effective measure is to adopt the
blade form which gives negative pressure distribution with low peak.
Cixcular blade form is adopted in the vicinity of the blade tip where
cavitation is apt to be caused because circular blade gives more uniform
pressure distribution compared with the aerofoil blade form. Special
attention should be paid to shaping of the part with a sharp change of
radius such as the leading edge of the blade. On pressure face of the
blade near the root, face cavitation sometimes occurs because of the effect
of the negative back pressure of the adjacent blade, but this can be avoid-
ed by adjusting the pitch distribution or by giving wash-back,

In case of usual merchant ship, erosion is more troublesome than the de-
crease of the efficiency and it is important to adopt the resistible ma-
terial against the corrosion or te give some extent of initial thickness
margir against the corrosion to the thin parts of the blade tip or the
trailing edge of the blade. It is recommended to Investigate the past.
data about the erosion when ihe design of the propeller is carried out.
Vast .erosion research reports are published by the SR 81 as research data
No. 48 (1966).

(1) Cavitation number (o) ) o i ) . _ ,
Cavitation -depends on the external conditions such as static pressure on

-the propeller, water temperature etc. These external conditions are re-~
presented by the cavitation number. -

=(p—e)/(K4pV")

‘\(?) Prediction methods of cavitation

(a2) Burrill's chart (Fig. 69)
Limitation value of thrust load factor against cav1tar10n nunber is given
based e V=V 24 (0:7 Dan)?

p—e=10000+1025X1 (kg/m’) at 25°C

where, ] = Immersion of the propeller shaft (m)

e

(o) Az=ari's chart (Fig. 70)
Allowabie limits of thrust load against circumferential _«DN arc shown.

(¢} Lerbs' foraula
Critical revolution n(rps) at which thrust reduction occurs due to cavita*
tion is calculated by the following formula:

ZD

Where, p;==n-e(hg/m') = 0-213+0-144p'* (for & blades)
= (-114-+0-153p'* (for 3 blades)
“pi

tch ratio
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(d) Eggert's formula
Critical revolution for occurrence of cavitation n.'(rps) are given by
the following formula: :

0:635 f 1+4b
e == — === & — e
D (a-+c)k

where, M =10+I(m) , & = Average blade breadth ratio,

o =(H/0-3D)(s/2xk) , 3’ = Real slip ratio at 0.9R , .
=1 +{1/x){H/0-9D}}*- (1 —3 /2)*,

¢ = Blade thickness-breadth ratio at 0.9R
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(e) Nakashima's method

Critical revolutions N, .for a certain radius r can be calculated for cir-

cular form, aerofoil form, Troost form and MAU form blades respectively.

And also we can predict the type of cavitation based-on~the-sectional 1{ft 7~
coefficient and sectional thickness-breadth ratio.

— (P41
CNe=|- p—e

T x60 (rpm)
-2-pD' (P 4x"{r/RY'Y Ap/q
N 7/ O S
c —a {tan ln(r/R) tan n(r/R)-+ b y , .
L=

!
C(—=)E
L+C(R)E
where, p—e=10100+1025XI-e(kg/m'), p=104-5 (kg sec'/m*)
! = Immersion of propeller shaft (m),
‘1/I'= Sectional thickness-breadth ratio

b = 0.75 (aerofoil section), 1.00 {(circular section)

a = 546 ditto ), 5.15 ( ditto )
C. E: Refer to Table 67

:Ap/fq: Refer to Fig. 71 (a), (b)
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Table 67 Coefficient C and E

Affecting coefficient C,” E for finite blade

=-k‘—h—’— -—?— E=FJ1+::’(--;,—)-’/]’=a.,+a.—-}—+¢z‘j{’
Number of 6 5 4 3 2
Cir- |Aero-| Cix- |Aero~| Cir- |Aero-| Cir- |Aero-| Cir-|Aero~
cular| foil cular| foil |cular| foil |cular| foil|culad foil
tion | tion | tion | tion |tion | tion |tion | tien | tienl tion
¢ lz74|2:00| 228|241 |1-82 193] 1-37 | 145} 0-01 | 097
a | 1-558| 1-954 2526 | 3437 | 5199
9 1 £ & ! 1803] 1635 1-459 1-201 14137
| a; } 0177 |  0-194 0-204 0-199 0-172
~ c |314!333)262 i 2:77 | 2:10 | 2-22 | 1-57 | 1-66 | 1-05 | 1-11
| (a0 | 0-633| 0-789 1060 | 1-547 2-503
% | £ : a | 2081 1-962 1775 | 1500 | 1148
|I a:| 0-080| o0-103 0-135 0-175 0-205
C |36 | 3-86 | 3-04 | 3-22 | 2-43 l 2-58 I 1-82 | 1-93 | 1.22 | 1-29
tasl 0-496] 0-548 0562 | 0-919 | 1535
T U E ia{ 18| 18:1 1758 | 1-566 1-199
a| 0-054| 0-063 0-081 0-117 0-173
c { 4-32 | 458|360 | 3.81 ) 258 | 305 | 2-16 l 2-29 % 144 | 152
' o ]ao 0-515 | . 0-531 0-574 0-699 1-079
3 ¢ | E la| 1587|1573 1535 | 1-432 1-158
l e:| 0-052| 0-054 |. 0-082 0-082 : 0-132

6.3.6. Strength

(1) Propeller material
Corrosive resistibility and toughness are required for propeller material
and Manganese Bronze (MnBr), Nickel Aluminium Bronze (NiAlBr), Cast Iron
or Cast Steel are used for this purpose. Classification societies'
requirements for the bronze materials are shown on Table 68, Tensile
strength(s) of cast iron commonly used for spare propeller is 19-25 kg/mm?
(NK). NiAlBr has a properties of § = 50~60kz/za’ , specific gravity ¢

== ——— ——776; each—greater by 25% and less by 10% corpared wlth MnBr, which result
in weight saving of about 15% in total. NiAlBr also has good corrosive
resistibility.
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Table 68

- — PO ——

——

Tensile strength § )
Class Material — Elongation ¢ &
‘ Same sample Separate sample .
Mn Br >44 kg/mm? >47 kg/mm? >20
NK Ni Al Br >60 . =>63 » =>15
Hi Mn Al Br >60 ” >63 4 >15
Mn Br =60 000 psi . =>65000 psi >20
AB Ni Al Br >>85 900 ” >85000 ~ - 215
Hi Mn Al Br | - >90000 # - >20
Mn Br >44 kg/mm? >47 kg/mm? >20
LR Ni Al Br ’ =63 ” =66 4 >15
i HiMn Al Br | >60 » >63 # >15
T >45~50 kg/nnn’ >22
Mn Br _Ss0~55 same as left. <20
1T >55~60 # >18
NV Ni Al Br >60~65 # same as left’ >16
>65~70 # : >14
rvge ) i >16(same sample)
Hi Mn Al Br | >60 ” >60 kg/mm? 2
U . . , ‘ :>22(ggggig g)

N TR I T R R LR X AP I S

(2) Calculations of blade thickness

MnBr has approximately same strength against both compression and tension, -
so the blade thickness is decided based on the maximum compressive stress .
which is larger than maximum tensile stress, while the blade thickness of
cast iron, tensile streagth of which is lower than compressive strength, is
determined by the maximum tensile stress. Actual forces working on the
propeller are so much complicated and the calculation of stress is so dif-
ficult that the simplified calculations are carried out under some assump-
tions and it is commonly adopted to decide the blade thickness giving
about 10 times of safety factor at the blade root taking into arcount the
past actual results.

- (a) Stress due to thrust and torque
Compound bendingz coment caused by thrust Af, and torque M, is estimated
as follows;

=M,cos8 +M,sin g M,=M,sinf§—M,cos@ (Refer to Fig. 72)

i—
M p
My ' S L
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Assuming the distributfon of thrust being proportional to the radius and
the efficiency of each blade being equal, and taking thc pitch P,=p.p
at a certain radius , =zR , the values of M, and », at this position
are: -

M 450001 — =)' {’f.'. x(2+x) 7 bnr
. il 2 O T L WS ML B | Pera 1 —3, Ll BY,

Moo 450001 <) {ﬁ ps (2 +1) 2o pip
T an(1 -0 )W 13T pue 1 —as ZN

Taking the pitch P,=p,D at blade root, the moment (kg-mm) at the blade

root are: ’

ne . \DHP, L _, (B _ms__ DHP
R N O D T Ma=h (62 T )
4500(1— ) © 8(2+5) _
h k= Y ’ B Refer to Fig. 73
here, k18 tB) T3 pens (Refer to Fig. 73)
y
-t - - t— * A ) )
/ 5 . /-0'\ F4 x
/ C CL lC,l' J?D

N

{ B{ Cil

/Z_ . Fig. 74.

As-suming”the moment of inertia of the
blade section about the =x axis being

/ I,=k,It* and about the y axis being

'\}\ |"(< -§0:4
~2s

I,=*k0"t as shown in Fig. 74,
Maximum compressive stress by M, is
o= 1 haat Y M’
=1

71, Kk, I

; L Maximum tensile stress by M, is
X, . :
o M,

17 A TON
i

\jt\:

(at point A)

(at point B)

,\\\
W
NN

Maximum compressive stress by M, is

S

o =L i'{-i (at point D)
6x10 k't
A ; Maximum tensile stress by M, is
o P ’ 1 —C, M‘, ( :
_—t at point C)
O x I'{ P

Fach coefficient around 0.2R is shown
in Table 69.

4 xi0t

B S
2 x10* [
0-1 .0

.0-2
boss ratio

Fig. 73
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Table 69

Blade Section S.R.I. MAU Form Tr;’_zi; B! CircularBlade Foim'
Position of <, 0.407 - 0.662 0.40
Centre of —

Gravity e 0.434 0.439 0.50
Coefficient of x, 0.045 0.042 0.045
Moment of : -
Inertia Lk 0.036 . 0.039 - 0.033
Area Coefficient a 0.680 . 0.701 0.75
Maximum Position A ‘ A A
Compressive

Stress Value 13-1%%? . 12-85%%— 13-33%%%
Maximum Position C B c

T ile St

Tensile Stress |y e | gaMets-ebs | neofe- | s-sefls+1ssiy

Note) The position of maximum stress is shown in Fig. 74.

(b} Stress due to centrifugal force :

- Assuming the tensile stress uniformly distributing on the secticn due to
centrifugal force @ (kg/mmZ) and the compressive stress at point A due
to the bending moment caused by the blade rake oy (kg/mm2),

s (@Y BY T el BT

where § represents the inclining angle of the rake (deg).
For the propeller of MnBr of specific gravity of 8.33, A. B and T are
shown in Table 70 and ¢ is shown in Fig. 75.

Table 70
Blade Thickness Distribution A B T
Linear Distribution o 0.671 1.10 ¢
Hollow Distribution by Table 71 | 0.422 1.46  |(0.602 b5 +0.599) ¢

Maximum stress used for deciding the propeller blade thickness of ¥nBr is
the compressive stress at point A which equals oc—a,toy . The values
of o, and e, for the usual propeller with rake of about 10 degrees are
approximately 5% and 15 — 20% of oc respectively.

(c) Blade thickness distribution

By the results of the above calculations in which the thrust distribution

is assumed to be proportional to the radius, and on the ground that allow-
able stress or safety factor is constant, the blade thickness distribution
‘along the radius becomes linear but hollow distribution as shown by Table
71 can be applied if the calculatien is made based on the eddy theory.
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Table 71

r/R 01 | 02 ] 03 | 04 | 05 ] 06 | 07 | 08 | 09 | 095 | 1.00
1era 1-00 | 0-840. | 0-701 | 0-574 | 0-463 | 0-361 | 0-26) | 0:166 | 0-072 | 0-036 | ©

The thickness of the blade tip shall be kept about 0.32% of D to avoid
damage by-foreign material, a

linear distribution

0-014° Pxﬂlg’)’" I
" ole® Hollow distribution
/ according to Table 71
0-013 ol 0-013
J odle—T" | o AT
k3
0-012 88— 9{&3/ — |o-012
Ao T .b /
0/
lag |
0-011 A‘?G//,____-——/QVV _—{o-on1
12)
e
0010 /4 a//_f// k% . = (1
\-\. T
L Oy
0009 / ,/Q' 5‘, /'// " _—""10-009
/ \\'c.‘) ]
[v)
0-008 . W 0008,
0-16 0-18 0-20 0-22 024
, . 016 0-18 0-20 0-22 0-24
' ot AR T i
) " Fig. 75 Bending Stress Function ¢ due to Centrifugal Force
(3) Boss

Boss is decided by the calculation of the expansiwve stress due to the
thrust on the taper part of the propeller shafrc. '

- _e T (n/ro'+1  4Sa DHP (ry/r )" +1

DT nl (n/n)'—1  xrl PN (n/1)'—1

{kg/mm?)

‘wvhere, e = (Length of taper part)/(Decrzase in shaft diameter
. on taper part) (Normally a=12-12-3 )
{ = Contact length (m)
ri» 72= Inner and outer diameter of boss (m)
P.= Pitch at 0.7R {(m)
N= rpn
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(4) Blade thickness, etc. required by rules of classification socleties
{(a) NK (1974)

N/
K, ZNI

Blade thickness at radius of 0-125D (cm)

t =

H = Maximum continuous output of main engine (PS)

Z = Number of blades

N = Value of propeller maximum continuous RPM divided by 100 (xpm/100)
{ = Blade breadth at radius of ¢-125D (cm)

D = Diameter (m) -

P’= Pitch at radius of 0-125D m)

P = Pitch at radius of -0-350D (m)

E = Rake at blade tip (on blade face} (cm)

had
-

Blade thickness at shaft centre line (on the extention of the
straight line between the both ends of thickness of the blade tip
and the thickness at radius of 0-125D on the projected plan of
maximum blade thickness) (cm)

P’\D P\FP
K =4-5{(4-122-1-755 =) 5 +H(2:561-1-090 )T 3
or the value given by the plan of regulations
‘ E DN '
K.=K7(1-92/:+1-71)1000

K = Coefficient given by Table 72. .

C emdemcia s feemm

) Table 72 K- Value for NK Blade Thickness Calculation

Cast Steel Copper Alloy Casting
Gray
Material Iron KSC42 | KSCa6
{FC20 & Over) or or KSC49M | KH BsCl{ KAI BC2| KAI BC3
. KSC42M | KSC46M
K 06 0-9 1-0 1-0 11 13
Tensile ‘ I ]
Strength >20 >42 >46 >49 >44 >50 >b60
kg/mm? ‘ T .

" Note) 1. Cray iron shall be of 'FC20 of JIS 5501 or of equivalent or
higher quality : ’
2. K shall be given for case if the material not listed above is
to bz used.
3. Following K, may be used instead of K for the small propeller
of not mora than 2.5 m in diameter.
for 2-52D22-0 K,=(2-04D)K
for 2.0zD K,=1-2K

{(b) Other classification societies' rules

i) AB, LR and NV define the blade thickness at. the following position.
Figures in ( ) show those for C.P.P.

AB: 0-25R . '

LR: 0-25R (0-35R) and 0-6R

NV: 0-25R (0-35R) and 0-6R
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11) NK and AB have the rules for the studs of a built-up propeller in
addition to the blade thickness,

" (5) Manufacturing tolerance (Table 73) and balancing

Table 73 Propeller Manufacturing Tolerance (ISO R4B4) D 20:8m, N 51 000rpm

Crade ' S 1 1L 111
Accuracy _High Medium Accuracy Low
Accuracy Accuracy
X | 40.25 +0.5 | +0.5 +0.5
Radius -
mm |- 2 3 3 5
Local piﬁch % *i.5 12.0 +3.0
(min.) om)| 15 20 30
Average of 1 section z J .0 #.5 32.0 15.0
of 1 blade (min.) o 10 15 20 50
Pitch -
_Average of ) blade % 10.75 +1.0 H1.5 14.0
(min.) mn| 7.5 10 | 15 40
2
Average of all blades 2 30.625 $0.75 | #1.0 13.0
(min.) mm 6 7.5 10 30
For maximum blade rd +2.0 +3.0 +4.0 +8.0
thickness for each
Blade section (max.) nm 2 2.5 3 6
thickness _ z | -1.0 215 | -2.0 | -4.0
Ditto
(min.) mm| 1 1.5 2 4
i % +1.0 +1.0 +1.5 +2.0
For each section — - - —
breadth )
Blade mm 1.5 5 10 10
breadth
(Difference of % 10.25 10.5 #0.75 +1.0
centre line)/'D . o 5 10 15 20
(Longitudinal Z +0.5 +1.0 +1.5 +3.0
Rake difference at
0-3R and 0-95R/D mm 5 - 10 15 30
" Finishing | Maximum value of
- __of blade | average roughness 3 9 | 19
surface of blade : ‘
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6.3.7. Calculation of Performances

(1) Towing force and stopping thrust
Towing force = (1—t)T—R is calculated from the- simplest—g—o chart— ——
based on relations of Table 74 among the particulars of the propellers.
For example, if Q is constant, ¢ 1s calculated making V, as variable, u
and o are obtained from the cross point of # and p and then N and T
are obtained from x and o respectively,
where, ! = Thrust reduction coefficient (Refer to 6.4.1 (1)),
R = Natural resistance of the vessel,
In case of calculating the stopping thrust, u and ¢ are obtained taking

V=0 or ¢=0 , and t}}en T= 2xpn’Dia/u’ SHP==7:”:’ 'p* , but effective
thrust 7°=T(1~1), t%0-04
Table 74
Given value " DHP || N I Q -
Variables N DHP N
DHP ’
=%— = . kN- - | k’DHP ky
§'<_U‘ y.—:ﬂl/ PQD’ : kzN"’ kz' DHPp-os k;'-N
& E 5 i | '
'::):3 VA—g:l/ PO kapN-¢3 k' ¢ DHPo$ ke
\
; T=035D~9— ki N-1 k/ ¢ DHP ko

If p—o chart is not available,‘ calculations shall be made using K,, K,
at J=0 on the K, K,—J charts.

(2) Revolutions
To calculate the revolution per minute N from the given particulars of

DHP
propeller V,, and DHP, K,,.,'={)-8389i,——*;5; is .calculated flrst and on the
A
9

other hand K,,’-—~§—, is also calculated based on the K,—J chart taking
J as variable and using J which gives same value for both cases

N=30- 875—5 is calculated.

When the resistance varies such as in the case of dlsplacement change,
K”=5.27XKT};ID' is calculated and on the other hand K, = Ijl' is obtained
¥a

from K,—J chart as J being variable, and then N is obtained from the J
which gives coincidence between the both cases.

(3) Resistance of free propeller and its revolutions

Estimating the point of torque being 0 or KX,=0 on the K, K,—J chart
and by using these J and X,, the revolution and the negative thrust are
obtained. As the results of the above calculations we are able to obtain
the revolutions and resistance of free propeller without any friction loss
on propeller shaft., If we need to consider the friction loss on propeller
shaft, K, shall be obtained by the corresponding negative torque to the
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» where, He= Effective pitch (m)

friction loss and then the revolutions and resistance are obtained from
the corresponding J and X, .

(4) Resistance duc to the fixed propeller

= {m?
Rom 520 avi(ngy, Ac=(m)

1T 0-52p ' Va=(m/sec)
(5) Flow velocity behind the propeller V¥, {(near rudder)
(Refer to 8.1.1.(2))

(a) Jinnaka's formula
Vo =(04V.+0-6/V, +10n' K, (D/2)')' &V +60" K, (D/2)" (m'/sec')

where, V.= Inflowing velocity to the propeller (m/sec)
n = Revolution of the propeller (rps)

(b) Shita's formula
V,=nH.(when the ship speed = 0)

.

(6) Other special performances
Studies on the abnormal conditions such as normal and reverse revolution

during forward advancing or astern moving of the ship or various perform-

ances when a blade is lost have been reported.
6.3.8, Weight and Moment of Inertié

{1) Weight

The following axplanation is made on the propeller of MnBr of o=8-33

Corrections due to the differences in specific gravities ¢ (Table 75)

shall be required for other materials. And linear blade thickness dis-
tribution is taken up unless otherwise noted.

Table 75 Specific Gravity of Propeller Material

Material MnBr Cast Iron Cast Steel - NiAlBr

F 8-1~8-3 7:-1~7-3 7-8~7-9 76

(a) Approximate weight _ :
Solid type 0-08D' (t) . Built-up type 0-1D" (t). D inm

(b) Estimation of total weight ~an be made by Fig. 76 if p is given.
. ]
(c) Weight of the blade Zo . Adr&gaD? (t)
® for Troost blade form are-shown in Fig. 77,

where, R = Radius of the propeller (m)
R« = Radius of the boss (m)

For the other blade form, the value shall be corrected by the area coeffi-

‘celent o listed in Table 69.
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(2) Moment of inertia

(a) When the boss is approximated to a cylinder of diameter = length,

L4 * ’ ﬂ _.53!‘___ W\ ’ ’
,uu‘@ﬁnara+ m thqw_b+&ubﬁ)xm (kg cm sec?)
Radius of the propeller (m)
Radius of boss (m)
Segcional area of the blade at a certain radius of propeller
(m?) '

b = Boss ratio, ! = Length of the boss (m)

t = Blade thickness ratio . ’

k = 1,375 when the blade thickness is linearly distributed and

0-707b+1:056 when hollow distribution of Table 71 is adopted,

Unit of D: m :

where,

LA I |

R
R.
A

(b) When G = Propeller weight (kg) aud D in m, following approximaze
formula is given.

1.,=2-548GD" (kg cm sec?) .

When the propeller works in the water, virtual mass ‘effect of the water
shall be considered. Increase in moment of inertia due to the virtual
mass effect is proposed as 25 - 30Z.

6.3.9. Special Propellers - : - L

(1) Controllable pitch propeller (C.P.P.) )

Design charts shown in Table 63 are proposed. Representative ones are
shown on Fig. 63 (a) - (d). It is reported that the standard pitch shall
be decided a li:tle smaller than normal,because the efficicrcy drop is
bigger when the pitch angle is reduced than when the same is increased
from the standard pitch.

(2) Nozzle propeller

Nozzle propellers have been applied to the vessels of heavy propeller load
- such as tugboats, trawl fishing boats, etc., but recently they are also ap-
plied to large full vessels. 6 — 7% of propulsive efficiency increase is
obtained by applying the nozzle propeller to the large full vessels both
for fully loaded and ballasted conditions, but slight increase in the
range of unstable loop regarding manceuvrability is reported. Combina-
tions of nozzle rudder and propeller are widely applied to small ships and
some designs of nozzle + propeller are disclosed (Refer to Fig. 64).
Standard performance of the bollard pull of the tugboat is reported as
shown in Table 76. g

Table 76
Kind of Propeller | F PP CPP | FPP with Nozzle | CPP with Nozzle
Unit bollard pull : '
0-1.1 ] 1.2 1.3 1.4 - 1.5
{t/100 PS) 1 : ' :
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6.4, Shaft Horse Powexr (SHP)

In gencral, there are two kinds of estimating method of the required shaft
horse power, the one is 'to estimate SHP by combining the effective horse
power and the propulsive efficiency and the other is direct estimation of
SHP from the actual performances of the sister vessels.

6.4.1, Estimating Methods by Combining Effective Horse Power and
Propulsive Efficiency
The required shaft horse power of the propulsive machinery is expressed by
the following formula,

(BHP or SHP) =:EHP/(7,Xn;)

where, .7+ = Propulsive efficlency = ‘gaXpa=nyXpoXna
‘Ra = Hull efficiency =(1 —t}/(1 —w), 1 — 1t =R/T, 1 —w=V, /V
ns = Propeller efficiency beh .nd the hull = TV.,/(2mQ)
no'~ Propeller efficiency in open water =:T,V./(2mQ,)
72 = Relative rotative efficiency=75./n0

= :Q,/Q (Coincide method of thrust) or
T/Ts (Coincide method of torque)

Nr= Shaft transmission factor = DHP/(BHP or SHP)

Shaft horse power, BHP or SHP, can be obtained from EHP mentioned in 6,2
and estimated »#, and 7, . 7, 1is able to be divided into the self-propul-
sive elements (¢, w. %+) and it is the common practice to calculate ., by
estimating the self-propulsive elements. There are two kinds of estimating
methods of these gelf-propulsive elements, the one is a method of using the
charts composed from a series of model test and the other is the method of
conducting the model tank test.

(1) Estimating methods of self-propulsive elements
{a) Estimations by charts

i) Wake factor w={(V—V,)/V -
It is considered that the wake is composed of frictional wake, streamline
wake and wave wake., The frictional wake, under the influence of R, , for an
actual vessel is less than that of the corresponding model and the wake for
a model is not applicable directly to the actual vessel (Refer to Fig. Bl).
In addition, w depends on ‘C, , diameter of propeller, propeller aperture,
form of the rudder and form of stern.
w for models and actual vessels of single screw is shown on Fig. 78.
There are some other data availahle in this connection such as SR 61 hull
form (Refer to Fig. 80), SR 45 hull form etc.

9-5——

.____lqgnmmmm.z-s:’ e .
iDSchnenhere —
Ylammeren (gog h
04— USerwes 60 ~ye—
§@7.,b. (actual

Fig. 78 Wake factor (single screw ship)
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Following approximate formulas to estimate the wake factor around the
propellers of a twin-screw ship are proposed.

Outward rotative propeller

with bossing cw=2C (1 —C,)+0-2cos5* (1-5)-0-02
Inward rotative propeller
with bossing w=2C,(1—C,)+0-2ces*{60"— 1-5a)4+0-02
Propeller with strut w=2C'(1~—C,)+0-04

(The aboves are proposed by Schoenherr )
Propeller with strut w=(5C,/6)—0-353 (Lammeren's formula)

where, a = Vertical rake of bossing (deg.)

The above formulas are applicable to the normal merchant ships with F, of
0.3 and below and the wake factor for high speed ships becomes further
less as follows: '

Propeller with bossing : w=0-04~0-08
Propeller with strut = : w=-0-02~0-05

Besides the aboves, some data for car ferry etc. are availlable.

w much affects propulsive performance” and it is recommended to estimate
this figure from the analysis of the data on actual vessel as many as pos-
sible. In order to obtain w from DHP, N and V of the performance
results of the actual vessel, the following methods can be applied:

"1) Use of B, chart (Fig. 61, Fig. 62) in 6.3.2,:
Firstly, A is calculated from the performance results of the actual ship
and then using the corresponding chart to the propeller, the corresponding
value of & shall be obtained which are derived from the cross point of p
and A on the chart where A=N'‘D*YDHP"*=8"YB,=157-1/VK, . Finally the °
wake factor is obtained by the formula of 1 —we=ND/(8V,) .

2) Use of K,;. Ko—J chart (Fig. 57):
Firstly X.=24668DHP/(N'D') 1is calculated and then using the correspond-
ing K.—J chart to the propeller, the value of J is obtained on the chart.
Finally the wake factor is obtained by the formula of 1 —w=NDJ/(30-867V.).

3) Use of Schmidt's chart (Fig. 66) which is developped from the

" calculation method of 1):

The values of V,/(ND) are directly derived from the known values of Pp
and DHP/(ND') on the chart. Therefore 1 —w=(V,/V) are easily obtained
by calculating vy, .

ii) Thrust deduction factor t=(T—R)/T ( T = Thrust, R = Resistance)
t is usually estimated from the actual results of the sister ships or
the model tank test. The figures cf the models are directly applied to
the actual ships. For reference, 'he relations between t and w proposed
for the single screw ship are as follows:

Schoenherr's formula §=kXw, k is shown in Table 77.

Table 77

Stream Line { Double Plate Rudder| Single Plate

Form of Rudder Rudder - with Rudder Post Rudder

k 0-5~0-7 0:7~0-9 0-9~1-05
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Lammeren's formula t=(%/1-5)4+0-01
Yamagata's formula 1/w=1-63+1-50C,—2-36C,

Other data are also avallable s.uchl as Series -60 hull form (Refer to Fig.
79), SR 61 hull form (Refer to Fig. 80) and SR 45 hull form (SR report 45,
1964) for single screw ships and car ferry hull form for twin screw ships.

11i) Relative rotative efficiency n.
7: for general merchant ships varies within the range of 0.95 - 1.05.

1-10

serviee speed V,=2(1-05—C,\WVL”
-—=-trial speed V,=2(1-08—C,)VL’ T

ty

14 /
i , —/,,”// . |
/
1o f—— eL S L
0t ——t-82 T
ey | 4 \ .
- 1—t
0§ Fm— = —{
0-60>\(,‘9 0-70
0-4 ]0!% \ ‘?.’ 1-w
o -
: — \X\
. 1—w s
§-
B B
+S0
¢ 0-6 0-7 o8 0 0-78 0-80  0-82 0-84
Cy . Cs
Fig. 79 Serles 60, Coefficients- Fig. 80 SR 61 hull form,
of model test self-propulsive

Nocte) D/L = Diameter of propeller/ _elements 4
Length of ship (ful}y.loade
= 0-00317+0-0005XC, - condition D/L=3-3%)

(b) Estimating methods by model tank test
The self-propulsion tests are carried out in accordance with the Froude's
Law of Comparison and frictional corrections AR are applied to the test
results 'to equalize the propeller load factor for both actual vessel and
model.
AR=—0-5p,5.V," {C,u—(C,s+ATC,)} - {Two dimensional
Extrapolation Methad)
AR=~0-55.8Vs' {Cri—C,s}{1-+k)—A C} (Three Dimensional’
Extrapolation Method)

Firstly K,, K. are obtained from V, n, T and Q measured in the self-
.propulsion tests and then J, p, (=J/2aXK,/Ks) and 1, are obtained from
the performance curves of the propeller adopted for the model test based
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on the obtained K; . In general such thrust coincidence method is adopted
for estimation. w. t and %+ are calculated by the following formulas
using the values of obtained J. n,, 7r mentioned above and the values of
R, etc. obtained from the towing tank tests:

l - anD/v' l -t =(R[—AR)/T. ".E "4./’70

Sometime's, the wake is measured directly when the local water flow is to
be consicered (such as cavitation etc.). The average figure derived from
the results of the above experiments is called "Nominal Wake'" and the
wake obtained from the former method 1is called "Effective Wake", These
two wakes are separated clearly and usually there are some differences
between these two figures. It is common to use the effective wake when
the propulsion performances are discussed.

(2) Estimation of propeller efficiency =,

(a) If the main particulars of the propeller are not given, the main
particulars of the propeller are decided by the method in 6.6.3 while 5o
is also obtained to confirm that these vaiues satisfy the design condi-
tions of the propeller. '

(b) If the main particulars of the propeller are already given,
J—K,./J* curve shall be composed from the appropriate propeller charts.
Ky/J'=T/(pD'V,'}are calculated from 7T and V, of the actual vessel and

. then no and N can be obtained from J to be found on the above curve.

(3) Estimation of shaft transmission factor #ny
In general, such figures listed in the Table 78 and Table 79 are adopted.
»r varies according to the revolution of the propeller and the ratio of
transmission loss (1 —g,) is shown on Table 80.

Table 79 nr for Shaft Components | Table 78
Components and Type qf Shafting nr Ny DHP DUP
Locatio SHP BHP
Stern Tube 0.990 of M/E
_. | Diesel engine . _ L
Inter Reciprocating’engine 0.997-0.9975 Midship 1/1.03] 1/1.05
mediate
Bearing -
Turbine, Electric
(1 set) Propulsion 0.998 Aft 1/1.02| 1/1.03
Thrust Collar Type 0.985
i .
Bearing | Michel Type 0.995
1-Stage Gear 0.975
Reduction 2-Stage Gears 0.950
Gear and
Coupling Hydraulic Coupling 0.975
Electro-magnetic
Coupling 0.975
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Table 80 Transmission Loss Ratio for Partial Loads

Load Ratfo 1/4 - 1/2 3/4 hl4 115/100
Loss Ratio 2.53 1.59 1.21 1.00 0.91
(4) Estimations of wake relation factor (1=w.)/ (1 —wa)
One example of the estimation chart is shown on Fig. 81. Fig. 82 shows

an example of the analysis results of the sea trials of actual vessels and
the principal particulars of these actual vessels are shown on Table 81.

; for B line
B/J.]{ 6-0) (5-5) for A bine (5!0] “:5) “1'0]
20 2-8 30 35 0
2 — o =
/ A/r /////’u -~ // 1 . |
5 ’ L\ L o =
_zjé/f/r/f“7 /'\/’L/,/// /;10' —
N T . =0
W R R a e -
1-60
L/
V4
1- 1 -
7 s
% o,
F 140 '//,égég’// ) &
.:." | | /Ayé )
7z,
’\,f-:’ 1-30 /%’é gl %
| . 7
- %/%?, Zy
1-20 %/ // : = Bid, for A
; -]
/ /z% |
1-10 %/ g, 3
18
1-00

(1 —ws)
( 11— "v‘u)
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SR98 1966
1-6} —.— SR§ 1967
—-e— SR9 1968
“ 1.5 e SR 61 ]
: e e SRA
1 1.4 ‘ : L
- ~Sp T I
= e . ——aKX 34
S s Tt an WU
s - e s8C
l l.z 3 ‘.‘*.:‘h“lllt‘l.lh;“-‘ s T .w b
=z A TR e e llE [Ty
it “» \‘.&
B ],
1-0r .
T T T T TS T TS T 1T T 19 50 21 27 23 240 25 16 2%
R.
Fig. 82 (1 —w,)/{1—w,) (Fully Loaded Condition)
Table 81 Principal Particulars of Actual Ship (Tanker)
MCR
d(m) C, Trial
Marks L m)| B(m) (Full) { (Full) [ M/E Out- Revolution! Cond. Bow Form
‘ put PS pm
srR98 A| 313.00| 48.20[19.089 | 0.8356 28,000 90 Half |with Bulb
0968)B | 290.00 | 48.16|18.52 0.8347| 29,000 90 Full " '
c| 244.00 | 38.94}14.30 | 0.8208} 20,700 115 Full "
SR98 A 281.00 | 46.20|16.60 0.817 | 28,000 85 Full "
967 B| 243.20| 37.20}13.06 | 0.818 24,335 10&.5 | Full "
cl 246.00 1 39.40]15.50 | 0.813 | 23,0600 il4 Full v
D} 255.00 | 42.00 16.47 0.808 23,000 115 Full "
E{ 310.00 47.16/18.86 | 0.849 | 28,000 85 Half "
sr98 A| 237.00 | 38.90{13.02 | 0.813 | 21,600 119 Full H
(966) B | 232.00 | 37.12|12.46 | 0.825 20,700 119 Full o
' cl|l 256.00 | 42.50}15.80 | 0.808 | 24,000 105 Full "
pl| 242.62 | 31.70{12.16 | 0.838 | 20,700 114 Full "
E! 290.00 | 47.50{16.00 | 0.805 | 30,000 97 Full "
F| 265.00 | 44.20116.75 | 0.822 | 27,600 114 Full "
¢l 260.00 4t 42.00{15.468 | 0.807 24,750 114 Full .
sr6l Al 225.00 | 32,80(12.05 0.813 18,500 114 Full i without
. ) Bulb
Bl 242.00 | 37.20114.63 ! 0.812 24,000 105 Full v
¢l 249.00 | 40.40]14.795|.0.786 § 27,600 119 Full }with Bulb
D| 248.41 | 38,10|14.27 0.798 26,500 110 Full | without
Bulb
E| 241.00 ] 36.80 0.820 | 20,700 114 Half "
F|.228.00 | 35.8012.169 0.819 | 20,700 119 Full "
Sr4l Al 213.00 | 30.50{11.322 | 0.798 17,600 110 Full |with Bulb
B| 213.00] 30.50/11.33 | 0.800 | 16,000 119 Full | without
Bulb
c| 211.84 1} 31.70]11.23 0.786 17,500 105 Full. "
pl 213.00 | 30.50|{11.35 | 0.800 | 17,600 105 Full |with Bulb.
el 245.00 | 32.90[13.26 7| 0.820 | 22,000 105 Full "
Fl 213.00| 30.50{11.394 ] 0.795 | 17,600 105 Full { without
Bulb
¢l 213.00 30.50{11.367 | 0.800 | 17,600 105 Full |wich Bulb
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6.4.2. Direct Estimation of Propulsive Power from Actual Performance
of Sister Ships

(1) Admiralty constant (C ...) method

It is considered that the vessels of similar hull form have the same .
"Caen=A4""V,/DilP on the same V//L so that it is possible to estimate DHP.
of the new vessel directly from C,. of the similar vessels, But C...
relates only to the propulsive erficiency and resistance cocfficients and
the scale effect on these coefficients are not considered strictly. There-
fore it is necessary to adopt the type ship having similarity with the new
*ship not only in the ratio of principal dimensions but also in L, hull
form elements and type of main engine installed.

(2) Estimation method by correction to *he ratios on resistances and
efficiencies of similar ships. "

I1f we have the speed-power curves and particulars of the similar vessels,

we can estimate the required shaft horse power according to the following

procedures (Refer to Table 82, Fig. 83). *

Table B2 Example of Calculation Sheets of Shaft Horse Power

V/IVE Vs EHP, Vy EHP, DHP, EHP,/DHP, { DHP, DHP,"

1) If the power curves cor-
responding to several displacements
of the similar vessel are available,
the power curve corresponding to the - | -
same displacement A,=A;X(L,/L;)’ )f»/
which gives the same C,=V /Ly as
that of the new vessel by the inter-
polation method. (This curve is

curve 1 . curve II

O”Po
N

marked as Curve I. When we have s

only one speed-power curve of the v v,
similar vessel, this curve shall be -

used as it is.) . Fig. 83 Estimation method of

shaft horse power from

2) EHP; and EHP, shall be the power curves of

-calculated by the same calculation he ‘simil .ssel
method on several V/VL (Refer to 6.2). the 'similar vessels

3) DHP, for V, which correspond to V/f— of the step 2) shall be
taken from the Curve 1.

4) The first Approximate Curve II for the power of the new vessel
shall be made corresponding to the same V//F by calculating
DHP, =DHP,X EHP/EHP,

5) Vs corresponding to 100% (or normal) output of the new vessel
shall b= found in the Curve II.

6) V.=V X{(L,/L,)** shall be calculated using the above V, and q"
shall be obtained by analyzing (1 —w,;) for this Vv, .

7) 7nes shall be calculated by estimating (1 —w,) referring to
(1—w,) - '

8) {Norner)/{ nosnws) shall be calculated assuming that the values of
ne and ns are constant for each speed,
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9) The final estimation value for the new vessel corresponding to the
samc V/VL shall be obtained by calculating DHP,"=DHP," X(ner7ur}/(nosnus) .

10) By introducing the propeller particulars to the final estimation
value, the propeller revolution can be derived from the following method:

_'K,,.,'»'=0-8389Dlll’/(Vu'D‘) shall be calculated while Ko =K shall be
calculated by making J variable on K,—J chart.

N are calculated by N=30-87V,./JD using J which gives the same value
to the both Kgo .

6.4.3. Rough Process to decide the Most Preferable
Principal Dimensions, Main Engine and Propeller
There may be many combinations of the principal dimensions and the main
engines to fulfill the required design conditions (mainly deadweight and
speed) . The rough process to estimate the shaft horse power and to decide
the most preferable principal dimensions and main engine is as follows.

1) Assumptions of the groups of the principal dimensions to fulfill
the design conditionms,

'2) Estimation of approximate shaft horse power (Refer to 6.4.1 and
- 6.4,2) for each group of principal dimensions and the selection of the
wain engine,

3) Decision of the principal dimensions and main engine (Most prefer-
able combination shall be chosen from the combinations of above 2}, and it
shall be confirmed that the design conditions are maintained.)

4) Decision of the pérticulars of the propeller (Refer to 6.3.3).
The propeller diameter is confirmed to be within the allowable limit and
the judgement on the cavitation (Refer to 6.3.5) shall be made.

5) Detail design of the propeller (Refer to 6.3.4 and 6.3.6).

6) The final estimation of the shaft horse power and the confirma-
tion of the adaptability of the main engine (Refer to 6.4.1 and 6.4.2).

6.5. Sea Trial and Analysis of the Data
6.5.1. Sea Trial

(1) Conditions of hull and'propeller

(a) The surface of hull and propeller should be clean as far as pos-
sible. It is desirable that the sea trial shall be conducted within two
weeks after final docking.

_ (b) Displacement is specified by the shipbuilding contract or the
specifications. In general, the sea trial of tankers are carried out at
fully loaded condition and the same of the normal cargo vessels, ore
carriers, bulk carriers etc. are conducted at 1/5 ceadweight condition.

¢) Trim
The(mgst suitable trim to achieve the maximum speed shall be chosen such
as even keel for fully loaded condition or appropriate draught to keep
the necessary immersion for the propeller or the bulbous bow in the case
- of light weight condition, The exact condition shall be confirmed by the
model tank test, 1f necessary.
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(d) Propeller immexsion
The propeller shall be immersed as deep as possible in order to avoid
deterioration of the propulsive efficiency such as by air draw etc. It
is desirable that the propeller shall be immersed fully and at least the
depth of the propeller shaft shall exceed 0.4 times of the propeller dia-
meter.

(2) Trial running

(a) Trial course
The trial sea shall have an appropriate water depth and also an appropri-
ate water area wide enough for approach rumning and turning of the vessel
(Refer to (c) and (d4)). '

(b) Measurement of speed ..
The usual practice is to run the ship on a measured-mile course but for the
very large ships and extra high speed ships, it is very difficult to keep
the appropriate trial area in the inland sea so that the course is set in
the open sea and the measurements are carried out by the radio log.
It is also important to make the round run of the ship on the same course
to eliminate the affect of the irregular current or tide which may be
occured on account of irregularity of land shape.

(c) Water depth )
The minimum water depths with negligible shallow water effect are shown on - -
Fig. 84 for the ships with standard hull form.

(d) Approach run _
It is necessary to take an approach run in the linear extension of the
trial course before entering into measurement. Necessary approach run for
the cargo vessel of 10,000 TDW (light load condition) is about 1.5 minutes
(or 0.5 sea miles) for MCR and 5.2 minutes (or 1.5 sea miles) for 1/2 MCR.
The large full ships which have the smaller values of (Engine output/Dis-
placement) need longer approach run. The necessary distance of approach
run for turbine driven, standard large full ships to keep errtor of the
measurement within 1% is shown on Fig. 85. About 10Z longer distance for
approach run is necessary for the diesel driven vessels of the similar
type and size.

H: water depth (m) y QEE
B: ship's breadth (m} O
d: draught (m) 2 E

23015 "midship section area (m')’ 3
v: shipis spged(mlﬂ 13 » € 20
¢: acccleration -
of gravity 4 i?ﬁga” ' ° ——
200 (wfs’) | & : ] 3 B
! X
E | | & -
~ o =18
. -
el o 5
g 150 P8
N ’5‘%/ 2 10
o L =g - A7
§ ,5\“” e o ée Standard of, & A ﬂ-(év_v‘
9 100 _ ~aet ITIC: H>3/Bdor el
3 / H>2-75¢'/g whicliever the & Sgﬁﬁd insggglctggt
greater shall be taken. s Sty L -——datetnined sphed at]
Sudo's formula H>vAc/0-32 s , the starting of
50 ¥.ac<enhy%t form]u]a H>lﬁ=m.223i‘1 3 approach run’
t 1 1 1 | = 1 1 ST U S T W
10 20 .40 60 4 BG 100 20 40 60 80 160
deadweight (10% t) doadweight (JOﬂ t)
Fig. 84 Standard water depth Fig. 85 Standard for nccessary

necessary for sea trial distance for approach run
- (Turbine ship)
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(e) "Mean of mcans” method of the measured values
The mean specd is obtained by the following formulas in accordance with

the nunbers of the round runs. .
1 round run : 'V.-(V.+V.)/2
3 consecutive runs Y =(V,+2V,+V,)/4
2 round Tuns Va=(V,+3V,+3V,+V.)/8

Where, V, represents the measured speed against the ground. Similar re-
presentations are also applied to the measured values of the propeller
revolutions per minute and shaft horse power.

(f) Others
It is also desirable that during the sea trials of round run, the propel- -
ler revolutions per minute shall be kept as constant as possible, each run
shall be carried out consecutively and the intervals between each run
shall be kept nearly equal.
Following documents may be referred to {or the execution of the triais:

SNAME: Standardization Trial Code (1949)
Code on Manoeuvering and Special Trials and Tests (1950)
Code on Instruments and Apparatus for Ship Trials (1952)

NV : Standardization Code for Trials and Testing of New Ships (1965)
BSRA : Code of Procedure for Measured-Mile Trials (1964)

ITTC : Propulsion Trial Code (1963) :

RR2 : Research Report No, 12R (1972) _

JG : Gazette No. 8479 (1955)

6.5.2., Analysis of Sea, Trials
The calculations of Table 83 shall be carried out in order to obtain the
test result at calm sea and no wind condition, eliminating the influences
by the wind and the tide from the values measured at the sea trials.

(1) Wake factor to correct the speed against the wind

(a) Torque coefficient

(.o ._Q_ _ 24670 DHP

: o pn'D’_ »r N~
(b) Reading of J

The value of J corresponding to K, is to be found on the propeller

characteristic curves ( K,~J curves)

{c) Wake factor wu . V. D NS
—w g

vT30.87 V
where, Vv and Vv, are expressed by kt .

The value of (1 —w) shall be decided by the mean of means of all con-
secutive runs at the same output because V¥ is influenced by the tide.

(2) Correction for the wind

In the following explanations, suffix w» represents the values aleng the
wind and a against the wind. The correction for the wind shall be. made
by calculating the difference of the torque coefficient AK, based on the

difference of air resistance running at the same propeller revolutions

per ninute A Doth for with the wind and without the wind and by calculat-~
ing the corresponding difference in horse power and speed. For the wind
direction factor % , refer to 7.3.3 Fig. -114.
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(a) Calculation of KX, (Values converted to no wind condition)

1
K"EKQ.'-AK"

h long the wind  AKe'= (Ko Koo)X —rde¥ el
where, along the win J o e R Wk W
ViekW

inst the wind (o = (Kea—Kqu)} X -m—-— - =-—
agains AR =R Ko X o W 5
When the absolute wind direction is normal to the running course of the
ship, this correction cannot be applied. The wind correction for such
case shall be made by the other methods such as Taniguchi's Proposal,

(b) Ko
Torque coefficient curve at the no wind condition is obtained by plotting
the values of Ko to the base of N. ‘'he readings from this curve cor-

responding to each N shall be the values of Ku .
(C) AKQ=K9.—KQ

(d) Change of the advance speed of the propeller after correction for
wind AV,=rDXAJ=aNDXAK, (kt)

where, a=(1/30-867)X(dJ/dK,),

Assuming maximum and minimum values of measured X,, K, and K, respec-
tively and the corresponding values of v, J, and J, ,

d.’/ng=(J|“J.)/(Kon_th)
Corresponding change of the speed of the ship

ND
av=-2Ys __a XAKq (kt)
l—w 1—w

(e) Speed against ground at no t_.vind condition Vi=V+aVv (kt)

(f) Delivered horse power at no wind condition DHP,=DHPX(K/K.)

(3) Correction for the tide

The subscripts w and @ refer to the values along and against the tide in
the following explanations,

(a) Speed against ground at no wind condition V,a (Propeller revolu-
tions per minute N, ) shall be converted to the speed at the revolutions ¥,

V'.¢I=Voa><(Nn/N¢) *

(S) Mean tide speed at intermediate time between the round runs
V¢a=(vlw_von’)/2 “‘t)

(c) Tide speed V., at intermediate time of each round run can be ob-
tained from the tide speed curve derived by plotting the results of the
above (b) for each round run based on the time on abscissa.

(d) Speed against water at no wind condition
’ along the tide Vo=V, o— Vew
'against the tide V,=V,.+Vc,
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Table 83 Standard‘ Analysis Mcthod of Sea Trial Results

J—

Ry

Clachlation
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1 Calculation R K
tems formula examples emarks
Main engine load - - 3/4 %] Detall calculation result
"Run No. & . . at the position of torsion
direction 5.5190° | 6. N 10 S tre. P
o |Speed
@ Lost horsepower for each
d . .
'% agaiT?ft}an @ 15-203 15-352 rpm is calculated by the
> |propeller . following formula, assum-
o YEV01051€“ @ 82-53 | 82-30 ing the lost horsepower
1 per minuteyN at normal output being
2 £ 1.8%.
$ %‘%ggfé ower 24900 | 24940 o L 0-018=612
l. -
~ ipeli d ’ 612X N/N,= Lost horsepower
w h""szggger ® ['24340 |*'24380 at rpm N, where N, is
° M DHP (PS5 24 668 C) : the rated rpm.
L= 3Y)
0 K = -02712] 0-02
il s O @ 0-0271 02739 %2 To be found in the propel-
,3: J ® 1*'0-456 *70-449 ler characteristic curves.
o % . )
o = 1—w @=30 864 @OXO 0-665 0-647 | *3 To be found in N—~K,
© D © curve composed as follows:
(1—w)a |@& 0-656 '
Wind, along )
oo a'gainst along. | against xo 028 o
Relative Q .
wing s;:eed @ 9-7 19-4 0-027 "
W(kt) L. 2 L
Wind. direc-} Refer to 70 80 90
g |tion faitor 7.3.3. 1-20 1-20 N (rpm)
"‘ 3
= wr =@ 112-9 451-7 -
M k. @ @ *® *4 The same value as {3,
8 , ®=(@a-®-)
- AK, X-G)—’_—@ 0-00009 |—0-00017} x5 To be found in time-mean
9 K., OB O tide speed curve composed
o ¢ =@+ 0-02721 | 0-02722 as follows:
b Ko @ - *20.027 22/*°0-027 21
3 AK, Q=0-@® 0-00010 |—0-00018 f
aX@X DX >~ 04 S
AV,{kt) ®~“‘"'@——— —0-678 | 0-140 '§ 0-2 | 111213 1415 16 17
a. og $67 8910 p—
v.ixt) {@=0+® 15-125 | 15-492 w 02 \lx time
DHP,(PS) | =@ XxT/@ 24 420 24 210 3 !
2 | Tide, along along | against !
- |or against | -
" Ve |@=0.x®./D. .| 15-082 | **15-492
0
2 _
g Ve (kt) @12&" ’;‘ 0-205
Lal
o Veikt) | @ *4.40-195|**—0-195
Bl V) |[@=@+D 15-320 | 15-297
S| " sHP, (rs) ‘ 24980 | 24770
Caua =A""x®' /0 537 539




6.5.3. AC, Analysis
The values of roughngss correction factor AC, and the wake correlation
factor shall be obtained (by the coincide thrust method) after the
analysis shown on Table 84 is executed by using the final results derived
from the preceeding article and the results of the model tank test,

(1) Estimation of effective horse power

(a) Km'gxoo)_(ﬂ.n
+%a 0f the model obtained by the tank test is used,

{(b) The read-outs of J and K, corresponding to K, .~ on the propel-
ler characteristic chart are defined as J, and K,, respectively.

(c) EHP=1:992X10"D*'V;!N' (1 —t )K,,
t of the model obtained by the tank .est is used.

{2) Calculation of total resistance coefficient

Ry EHP
=== ](} . 548 X
Cr=r)asv 10348 X 5y

(3) Calculation of skin friction or viscosity resistance coefficient

(skin friction resistance)
Three Dimensional Extrapolation Method C,=C,—C,
(viscosity resistance)

Two Dimensional Extrapolation Method C,__.—:C,.—C,} .

C, or C, of the model obtained by the tank test are used,

(4) Calculation of AC,

Two Dimensional Extrapolation Method AC,=C,~C,, }
Three Dimensional Extrapolation Method AC,=C,—{1+%k)C,,

C,s is the frictional resistance coefficient of equivalent plank. &k of
the value of the model obtained by the tank test is used.

(5) Wake correlation factor

(a) Wake factor m,; according to the thrust coincide method

D _NJ, )
=——X
30 '87 Vs

1 ——Wrg

(b) Correlation factor = t1 —wys) /(1 —tera)
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Table 84 AC, Analysis (Three Dimensional Extrapolation Mcthod)

1t Calculation Calculation R X
em formula examples emarks
Main Engine LY/
Load :
Vo (kt) @ Table 83—@ | 15-320 | 15-297 | *1 Shown by R.X10"
N(rpm) ® ' Table 83— 82-53 82-30 .
DHP(PS) |® Table 83—@ | 24420 | 24210 | *2 Obtained based on F,
@x0-5144 from the results of
- 0-1444 | 0-1442 the model tank test.
F Vil !
g :
Ra 0-514 4XOXL - . %3°'The values correspond-
= v *'2-324 }§ *'2-320 ing to K,{ on the
propeller characteris-
Ke @ Table 83— | 0-02722 , 0-027 21 tic curve are chtained.
nm @ , 1-000 1-000 _ :
| % ®=Ox® 0-027 22 | 0-02721 | *4 Shown by’ C,x10°
Jo * @ 0-452 | 0-452
Kr. had 0'1998 0'1997
1—t* |® 0-780 0-780 | *5 Appropriate skin
’ 9=1-992x10"* xXD' 2 friction resistance
. EHP (PS) XDXD' XOXE) 15 370 15 250 coefficient fs taken
: 1) ‘ based on R,
C: @=10-548% ¢ o, *42-014 | *+2-008 (Schoenherr is
x applied in here.)
c. " @ *40-068 | **0-068
C, Q=P-0 *01.946 | **1-940
Cre * |® . *1.715 | ** 1:715
AC, B=G—(1+k)xE | *0-231 | =4 0-225
30-864 @OXD
1 —s 9= D X ® 0-856 0:655
1 —wa. @ 0-527 0-527
1—ws/1—wa =B+ 1-245 1-243
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7. SEAWORTHINESS

7.1. Motion of Ships
7.1.1. General Description of Ship Motions

(1) Equation of ship motions based on the strip theory
A coordinate system is a right-hand orthogonal system as shown in Fig. 86.

The wave and ship motion can be shown as follows:
{ = locos(w,l—kxcosy+ky sinY)
:Ts.cos(w.l-i-t.) o

where, ¢ = Elevation of surface-wave profile

o= Surface-wave amplitude

w,= Circular frequency of encounter

& = Number of wave A

X = Angle of encounter .

2, = Ship motion amplitude

€: = Phase lag (positive in the forward direction and the origin
is taken at the time when the crest comes on the center line
at the position of midlength of the ship)

In considering the bilateral symmetry of the ship body, the motion of the
ship is classified to the symmetrical motion ( *¢ (surge), %¢ (heave),
# (pitch)) and the dissymmetrical motion ( e (sway), ¢ (roll), ¢ (yaw)).

incident wave ¢
Z 2 1 208 y

0. “\7 8. .
R \'L‘_“

' (pitch)

1, 22, 2
PG
¥ ivanl
L 0 > 1
Yo P L'\ /
y o
‘\
Y.

Fig. 86 Coordinate System
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In the strip theory, the hull is assumed to be made up of a number of
transverse strips and segments and then the hydrodynamical differential
coefficients and wave exciting force of the equation of ship motion are
obtained bv the loagitudinal integration of the two-dimensional fluid forces
to each strip (Refer to Chapter I, 4.6). The equation of ship motions is:
For the symmetrical motion, :

‘a‘a.‘"'} bac;c"' fa:"'*'ﬂc.a'* b:oé ¢ ‘coﬂ"‘F;g(‘osw.f’i'f".,‘sinw,l
_ d'aéf 5ooé+cuoa+ ﬂa:;s'*‘ bo:ir."’ cal"_"*’.:l‘oﬁ_w.f +Messinw,!

For the dissymmetrical motion,

aoo&-" bwo‘i""’ Couitrt n,¢$+ bwﬂé"’ Cv¢¢+°oy§r.+ bo:§«+€pyyc-Moccosw.f+M,;sinw.t
Geebthosdt Con é“'ﬂoygc'f‘bu!'!s‘*'cu!l:*‘Gouz'*'b.o&*c..:w"M,ccosu.t+M,,sinw.l

" The damping coefficient of roll in the equation of dissymmetrical motion,
which cannot be accurately found by the linear theory, shall be preferably
the experimental figure. In case that only the rolling motion is taken up
ncglecting the combination with the other motions, the conventional Froude-
Kriloff theory is preferably adopted (Refer to 7.1.3). .

In the calculation of the hydrodynamical differential coefficients and the
term of wave forces, OSM (Ordinary Strip Method), NSM (New Strip Method),
STF (Salvesen, Tuck, Faltinsen Method), etc. are adopted. The formulas of
the differential coefficients by OSM are shown in Table 85. The oscilla-
tion amplitude and the phase lag of incident wave are obtained by solving
the equation of motion using the differential coefficient gotten by OSM.
The calculation results are shown on Fig. 87 as an example,

In considering Froude-Kriloff force as an exciting external force and
neglecting added mass and damping force, the calculation on surge, one of
symmetrical motion, is done with the following formulas,

0,,§r. + br;!;c + C,,y;+a,,{f:+ b:v‘i"“ C,.¢+¢l,¢$+ b.vf ¢.+ Cypd™ Fyccoswel+ Fyssinwel !

- ’ d -
(1) =2 [e [ p | Sgten) | o
p~=pgtac*cos(kxtwt)—pg2

where, 4 is the displacement of ship, J(x ) the surface of ship body,
p the pressure at water depth z and J, the longitudinal integration
. (Refer to Fig. 88 of the example of calculation). .

heave amplitude/wave amplitude

SR108 gogtainer SR108 cgntainer
: shi
20 Cn=0-559.L})H=6-89 2 0[ Cu=0-559 L/B=E-89
angle of attack| F, 0215 3o le of . o
) 30 heave litude angle of attac : s
(head wave) ~ b~ 100 amp EE , 180 pitch amplitudg
150° 7 Wi \‘/ o [head wave V(fai )
2\ (M'(beam wavd) o 1507 A air wave
T e a— " —? - E;i’c = N £30
P - -
TS vy N = —d 1200
w\., j\‘ U N ” = \@
\ ¥ \ : 5 e 7 60°
0 . . ,\ (beam ) ‘\.\
(fair wave) b e e wave) ] N
0 0-5 1-0 1.8 -0 0 [ ] 1-0 -5 2.0
Jship length/wave length Jship length/wave length

(1) Example of Heaving Calculation (2) Example of Pitching Calculation
in Regular Waves in Regular Waves
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n

sway amplitude/wave amplitude

(3) Example of Swaying Calculation
in Regular Waves

roll amplitude/
max. wave slope

v
o[ sH108 container ship -y “’[ SH108 container §hip
Crm0:559, L7 =6-3% [angle of] o Ca=0-585, L/B =689
Fo=0-275 attack d\’ ' o Fom0:275
sway amplitude 60' 0 l % yaw amplitude angle of
/ | 2] ' attack
L. . »
beam 60
Op =" “‘-:‘;_q/ ave) { %"9 // l‘\
-—— © 120° "/
—T=T \ /\ \\ 3 LA~ ] \
T e ‘“'\ v b | . 150" 2 ox -~ AN
T PO E | el R
150 R e [ Z- |- Lpeamwave) ~ =4 = N\
0 0-3 B 0 15 -0 % 0 0-5 N 1-0 1-5
V'ship length/wave length >

Vship Iength/wave length

{4) Example of Yawing Calculation

in Regular Waves

o

SR108 container ship

Cn=0-559, L/ =6-89
F.=0-275

roll amplitude

0-5 1-

D

I3 -0

Jship length/wave length

"(5) Example of Rolling Calculation

in Regular Waves

s&rge amplitude/wave amplitude

5:0¢

40

Fig. 87

Note) The examples of calculation
. for SR 108 container ship
in Fig. 87 - Fig. 91 are
- for L=175m

SR 108 container ship o
Cr=0-559, L/H=5-89

(fan\ 1

surge amplitude

T
N
¥.~=0-215 angle of attack \1\

wave) \L
10 Y
2.0k - ——n ./.4:_ N ,
71 150" g0 \
U — h (4 <
' of ;":Ii,.iijdﬂve — /
N ey (SR
0-5 1-0 1-§

Vship length/wave length

Fig. 88 Example of Surging Calculation

~ 1n Regular Waves
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heavin

{2) Acceleration of the parts of ship body
The vertical acceleration 7, at a certain position on the ship body
P (ry 1) is:

2, l,‘,,l'lpl'( w,l + ‘g:). Ty ™ ﬁ-‘i;:;;:;:. Cazs™tan |('-a/'uc)

Bgy ™ (£ aC08L ¢~ 26 c05C o b ydacose )

0™ —w{2asine .~ x0,8inc o Fygasine,)
where, 7.0, and ¢, are heaving amplitude, pitching amplitude and rolling
amplitude respectively, and . is circular frequency of encounter with
incident wave (Refer to Fig. B9 of the example of calculation). Including
the gravity component by roll, the transverse acceleration ¥, is shown as
follows: .

Vo = Ypatxpilwel + €ay), y,a"\/.v.'.-'i"y."‘_. fay=tan"'(yss/¥ac)

Kac = —w . {xgacose ot yacose ,— (241, ) facosen—gdacos ¢, }

Vas=~ — ' {xdosint ot yasine ,—(2+ o) Basine s +gdasin ,}
where, ¥o. ¢- are swaying amplitude and ycwing amplitude, and {x is
vertical distance between the center of gravity of ship body and the
point P (Refer to Fig. 90 of the example of calculation). '

}g X wave amplitude -

g acceleration amplitudex:

. ——angle of attack - Siios contaifer BhIpT T
el S ensin, L it 8 Shrfg 1o (heag wave),  §3 ; Cam0-553 T \\faglogIE“oT"é'f't_ﬂc 7
- 4 150° . /BE=§-
F.=0-275 AP ,‘EC &g - [ ¥ I
4 ; o Qo 20 F.=0:275 S
s heaving = —p (\ 58 ‘transverse | ~ |
acceleratl_on; ‘(“ ~ a3 lgeceleration/ \
o 2F BV / - % S E8%at center of f—- — f
R O wrd pravity | .
BV O\ Y eeen | 898 i 1N b ey b —
20 i — . o gl A L — +
30° P, \\\ 60 o o ; A ____ . \
= A ' Y oo ' . 120 ,
v \1\/1’ % 34 ;’335:.__ ,’J — o] .,
DOIQ' " — W A el : ,4;-/ e IA\ TS \j
.-"-E"« l(fa‘ro\/’/};\&f;{—' X Rovmwm~! B i = /“""1;5'_’1‘“ \\Z;I(\'"'
WAVE) e o 5 ] = PSSy K E a5 N
a0 o-5 1-4 1-5 20 + W 0
N V'ship length./wave length Vship length/wave length
Fig. 89 Example of Hieaving Fig. 90 Example of Transverse
. Acceleratiom Calculation Acceleration Calculation
{(at bow) in Regular Waves at Center of Gravity
in Regular Wave
(3) Relative water le=vel -95-0!- SR 108 container _Y_ship
The relative water lezvel #,, at a .-C-E" © Cw=0-539, L/H=6-89
certain position P (= 3 1) of the ?"”f r.fo-z:s
ship body is . T40 relative water 7
p ooy TE 1eve1(s.s.8¥?% 120
o= te—(xli) bt d =t -303'°.'mgle of attackf/ : £
where /. 1is the lomgitudinal 25 ! (head wav:;) I"
level distance betweemn center of @?3'0; Mo/t
gravity and position ®, and { is KA By r )
, oo | (fair ’ !
elevation of wave sur-face. Whereas gz N o e
"dynamical swell-up"” =mand "statical ord ' , - m wave)
swell-up" (Refer to 7-..2.2.(2)) shall "';EE o' e .t-o i T
be considered for morre precise solu- i
tion (Fig. 91 to be rreferred to on Vship length/wave length
the example of calculiation). Fig. 91 Example of Relative Water
g

Level Calculation in
Regular Wave
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Table 85 (1) Coefficients of the Equations of Ship Motions
(Symmetrical Motion)

o e

'coeffi—

coef fi

i

elent Equation - “elent Equation
G | M+ Simds ] e | L sty
bae SiNdz ss SN (x—x)'dr
Cae 209 /iy dx Coo 2p9 iy L x— ) dx
—VANSLx—2)dx
—=V'fimdx
6w | —Simdx—x)dr C G | —fimz—x)dx
bee ~ANLx—2Vdx +V [m dx ber | —SNAx—x)dx ~V fimdx *
Cxe ~209 iy dx—2)dx +V [ N dx Cor —2p9 [y L x—)dx
Fic wlafi C.CN, sink*axdx M, ~wla iC.Cy oM x— ') sink® xdx
—wwelo LC,Cim cosk® xdx ' + wwels LCiCrpsn,(x— 2} sink® xdx
+2098. /LC\Coy weosk®xdx —wV, £,C,Cym,sink® xdx
oL | —2608. iC.Cyulx— ) cosk® xix
F., ~we i C\C N cosk®xdr Fas wla LC.CN.(x—~r)cosk®xdx
—ww s [LCCom,sink” xdx . Fww Lo LCCm (x—2)sink® xdx
420980 i C.Coywcosk®xdx ' + WV fi CiCom cosk® xdx '
- —209,C.Cry(x— ) sink® xdx
Note) 1. M = Mass of ship, J,, = Mass moment of inertia of ship,

m, = Added mass of two-dlmensional section, N, = Damping force
of b-o—dlmensional section, @ = Circular frequency of incident

wave, w. ='Circular frequency of encounter, ¥ = Level distance
from mdshlp to center of gravity, . Half breadth of water
plane , {a Amplitude of wave, # = Density of

water, V = Speed of ship, ¥ = Angle of attack.

2. /. shows the longitudinal integration and does not include the
effects at the ends. .
3. Ci~sin'ky sin r)/ky.nnz C,~e "= d.,~ Sectional areaf 2y,

k*=1lcosy
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Table B85 (2) Coefficients of the Equations of Ship Motions
(Dissymmetrical Motion)

. GTeea Jiw =T TISWTLENIT TR F A R SRS S AR IO TR LI M e ST e e W

Egigiﬁ Equation ' Cé’{gg‘ . Equation T
ayy | M+ fim,dx Foe ~2pgtofisink®x fue** (kysin)) dzdx
b,y JuN,dr . —wwelasiny/im,et* sink®xdx
Cys 0 ’ .. + wlasiny/iN,e'* cosk*xdx
ay. Jim,(x—x' )dx F,, —2p9taSicosk*x et (kysinX)dzdx
byw SN {x—2)dz—V fym,dx - ww.{.sinxﬁ,m,c"'cosk'.tdr
€ | —VSiN;dx - — wlasin X/ Nye sink® xdz
aye | Sim,l5dr
bye | SN ludx o Mo | —2p98f(x—2 Ysink®x fee**sin(kysinY) dzdx
Cye 0 ~wwelasinXim,(x—x )e";sink':dx
P Jeet fimy(x— 2" ) dx v +wlasin /i N (x—x' )e** cosk*xdx
bos ‘LN,(.I“-I')' dx +wVasinxfim,e'* cosk® zdx
Cyv —V' fim,dx : M, —2p9to/i{x— ¥ Ycosk®x foe* " sin{kysin)Y) d2dx
‘d» .ﬁm:"sn(l—xl’)ir —wwelosin¥/im(x—2 Ye'* cosk® xdx

. bop SN x—2 Ydx+V fum,l 5,dx - . A —wlasinXfiN{x—x ) e'* sink®xdx
Cop 0 - l ~wVlesinyfim,e! sink*xdx
0oy | Simy(z—a)dx : M,. | OG- Fyc
by SN (x—2)dx+V fim,dx +2pgtsfisink*x fe**sin(kysinX) (ydy+zdz)dx
ey | O —wwelosinXfimylsae*® sink* xdx
aps | lat Sl 1e—2m,1,,0G+M OG"dr + wlosin2filN,luet cosk®xdx
byo | LN, 1V dx My, | OG: Fys
€y | w-CM +2p9ta fucosk®x e sin(kysiny) (ydy+2dz)dx
a4y Jum, l5,dx —wwelasinXfim, e cosk®xdx
by | SilN,I'uds ' — wlosintfi Nyl et sink* xdz
e | O | be | ANz~ Vim, Vi ds

L ep | Simplu(z—o Y | e | —VANVex
!

Note) 1. M = Mass of ship, J« = Mass moment of inertia about £ -axis of
ship body, m, = Added mass of two-dimensional section (sway)
N, = Damping force of two-dimensional section (sway), x = Level
distance from midship to center of gravity, I5,—1,,—0G, l'a=!l.—
6GC. &,,, I. = "refer to Chapter I, 4.6.1", 6GC = "refer to Fig. 86",
€d° . —kd/2, 1.y « Mass moment of inertia about s -axis of ship
body, GM = Metacentric height, /7, = Added mass moment of inertia
of two-dimensional section.
2. /. shows. the longitudinal integration and does not include the
effects at the ends, and f, shows the integration to the direc-
tion of draught.
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(4) Synchronism of ship motion and incident wave
The frequency of encounter 7T, of the ship body with the incident wave is

T.—!zrii/(!»'cos H—!zI:-). : T. = Wave period

Since the synchronism of the ship motion and incident wave occurs at the
rate of synchronism T,/T,—1-0 , the speed of ship V at that moment is
as follows (Fig. 92):

, 9T (T, )

B 2rcos X T. = Natural period of motion

A0 )
X = ©
. 30! | S
(=9
L. T B Y $) Uy 4. SEae: K > ‘z
= -
w I ;. [\ 3]
e \ \\ % ¢
o SN
10 by \ \
2 S \
w .
0 ~% |} \\\ \\
T~
o ! \\\J%‘
2 10 ! s
& :
= " N
© 20 1
ue I
© ]
§;30 |
o {
o, i
2 40 -
5 6 7 8 10 121416202430

natural period (sec)
Fig. 92 Synchronism of Ship Motion in Regular Waves
7.1.2. Approximate Calculation Method of Pitching Motion {

(1) Approximate calculation formula on ﬁatural'period of pitch
The calculation formula on the natural period of pitch T, is

T,—2xk 5 /V g.GM, .

Virtual radius of gyration about transverse axis
Longitudinal metacentric height

where, Ky
CM,

Following formulas are given for approximate calculation.

i) T,-0svL

11) Tamiya's formula T,—2.01V(0-77 C,+0-26) (0-92+0-44 B/ d) d
i1i) Tasai's formula T,—-29-1¥ 1 +0-83( B/2d) C}) C,d/(5-55C,+ 1)

iv) Iwai's formula T,—0-41v11 3 0-415(B/d)C,'} L
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v) Kempf's formula T/ To=VBM/GM L/

. T
T, = Natural period of roll ¢ ]
.8 _— _ 42-6
vi) Lewls' formula ® A 3.
A T
T/VEL=CYia/0aL)*) (L/B) 0-7 L2% o i: .
(Fig. 93) ﬁ 0-6 o L,‘,;. 2 —NE
where the unit is "sec" for 7. 1 0-S—gb —A7e s
and T, , "n" for L, B and 0-4 7” ‘ b ‘:;
d "ton" for A . = LI
d ’ an n or 0‘3 T,/Vrr: CJ_ ’I"""' B _l,o
0-2 l —0-8
0 2 4 ¢ a !0 12
Ao u.)’
8 7 6 5 4-5
Lren
Ced/L
Fig. 93 Approx. Calculation on
. Natural Period of Pitch

(by Lewis' formula)

(2) Approximate calculation formula on natural period of heave
The calculation formula on natural period of heave 7T, is

T=~2av 2 /(g AL

where, ¥ = Virtual volume of displacement
A, = Water plane area

Following formulas are given for approximate calculation.
1) T-Y(V+0-24BL)/A.
11) T-2-7v/d

11i) Tasai's formula 7,=~2:01V{C,;+0-4(B/d)-C,} d

where the unit is “sec" for T, , "s" for L, B and d, "m3" for v and
"5n2" for A. . ’

(3) Approximate calculzation method on amplitude of pitch
The following approximate calculation methods are used for the amplitude
of motions.

i) Iwai's method
The approximate calculation formula on pitch amplitude for medium and
small sized mixed beats is obtained neglecting the high dimensional terms
and combination and then the ampli:ude of pitch is zpproximately obtained
when the principal particulars of the ship are given.

i1i) Moor-Murdey method
Moor-Murdey shows the method of calculating the pitch amplitude and heave
amplitude by using principal particulars, Beaufort wind scale and the
regression curves which have already been obtained from the model test
results of general cargo ships with block coefficient of 0.55 - 0.88
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7.1.3. Approximate Calculation Formula on Roll

(1) Period of roll T, (sec)
(a) In ordinary case T,=2nk, . /V g GN = 2:01k,, /v GM
(b) In case GM is nearly zero or small

- 602 ) kl.l 192 kll‘
‘ -—
* Vsv-Lta) * /eu-lom

where, k&, = Virtual radius of gyration about longitudinal axis through
center of gravity (m)
? = Angle of roll (deg.)

Al

(2) Approximate formula on the radius of gyration

(a) kas=cB
¢ is nearly in the following range according to the type of ships.

fully loadedj 0.32 ~ 0.35 Passenger boat 0.38 - 0.43
[Cargo beat
light 0.37 - 0.40 Fishing boat 0.38 - 0.44 |
fully loaded] 0.35 - 0.39 Battleship 0.34 - 0,38
Tanker -
light 0.37 - 0.47 Cruiser 0.39 - 0.42
{(b) Kato's formula
k.. H HN
( 5 )-J-[C.-C.+1-:oc.(1-—C.)(-d—-—_2-2o) +(.5)]
where, B = Maxiwum breadth of undexrwater ship body _
C.= Area coefficient of upper deck {for overall length of upper
"~ deck)

H (Effective depth) = D+ (1/L,)x 1 (Profile area of super-
structures and deck houses)
J 1s coefficient shown below.

Passenger boat, 1 i 77
Mixed boat, Cargo boat 0.125 Whale catcher boat 0.1
Tanker 0.133 Battleship 0.177
Skipjack and tuna '

fishing boat _ 0.200 Cruiser, Destroyer . 0.172

For a passenger boat, a mixed boat and a cargo boat, the calculation is
done rather easily by the following formula.

( *; ) -o. 125(%)' +0-020 -EL( 14237 -d{—d) +0-027

where, d, = Full load draft
d = Optional draft
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{(3) Damping coefficient

The curve in which the abscissas are mean angles of roll . and the
ordinates are decrements of roll in each swing A4¢. 18 called the curve

of extincrion. In the small range of roll angle, the curve 1is approximate-
ly shown as follows:

Ada — 0 + bo' or Ag¢a = Ng.t

where a8, b and N are called damping coefficients and shown their approxi-
mations in Table 86 for each kind of ship.

Table 86 Damping Coefficients

Nqo a e b .-7 Nll Nu
Small passenger 0 015‘ 0.050 | 0.0125 Large passenger 0.020
bOat ¢ . ¢ boat . -
Small cargo ' Large cargo
boat . 0.017 10.030! 0.0155 boat 0.019
Fishing boat 0.019 | 0.100 | 0.0140 | Large tanker 0.017
Whale catcher 0.010 | 0.060 | 0.0070 Ny, Nu, and N,, are N for
boat : e  Oa=20", 15° and 10° respec-

“tively.

Small warship 0.018 {0.065 | 0.0150

On the other hand, the following approximate formula is presented by
Watanabe and Inoue.

N-—lﬁi—1v(n+iid+!”

A-GMT, 4/ ead
n=0-03+0-78C,-d/ L +1-50A,/L" (for 10° of roll angle)
= 0:02+1-1C,-d/L+cA /L’ ¢ (for 20° of roll angle)

where, !1-KG—-d/2,
J = Function of Cw» (Fig. 94)
o = Function of C, and aspect ratio A of bilge keel (Fig. 95)
A, = One side area of bilge keel at either ship side

The logarithmic damping coefficient, & , the logarithm of the ratio of
the adjacent roll amplitude, is approximately given

8= Adn/ pa—atbéa or &~ Nga

As the equation of rolling motion is non-linear with the above-mentioned
damping coefficients and difficult to be solved, it is shown linearly as
¢+a.¢+wlp—0 with the equivalent damping coefficient e . The relation
between ¢. and damping coefficient is calculated in general from energy
loss in one cycle. In a linear equation, the following formula is obtain-
ed from o, =~w,8/n .

a.—m;(a—!-b¢-_)/x or oa,~weNg/ nm
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l-O l
0-9 '/’?
&
o
. iR
o4 %
. /
0-7 , %2‘
J 74“'/
06 %?'4
J y
0.5 \’/
0-4 /
- Cw_
// m l"""CI'
0-3
0-2

65 06 O07 08 09 1-0
waterplane coefficient Cw
Fig. 94 Waterplane Coefficient

When a ship is going ahead, the damping coe
than that when it stops (ship speed = 0).
formula is represented as an example yhich

-

a, = aes {1 4+0-8(1—e7"*"")} Oeg =

X LS ] ¥
Cn'
200 o.as\ P N - obm
e N TURE T
N = |
NN i
15 N H -
0-75l, N |
\\ 0w
b \\.‘:‘\X\\
N 4
—0-70=3] \\§§
100 FF A
-‘\ N'\ D
Ew \-r-q__- S
F-.NH
0651 ~~~;'_Ei
P‘;L;_’H,_._._f:"""'_wf'f:'-.ll.
gol— 0601 /,B_L._—:g
g l//j;;:"'
0-55=F =1 T TH
| =" :
0.50_‘;,—«'.#%-.- bt Fir
Fesautil i

0002 0-005 0-01 6-02 -0-05 0-10

“aspect ratio of bilge keel #

Fig. 95 Aspect Ratio of
Bilge Keel

fficient is generally larger
Takahashi's approximate
includes ship speed effect to a«

Equivalent damping coefficient
at ship speed = 0

(4) Reduction of roll angle due to resistance :
The number of roll n necessary for the reduction of roll angle from ¢

to &, is shown as follows:

When Afe — ada +bda’. (curve of extinction)

. 2-303 o ¢ (at bga)
a B ¢fn(0+b¢-)
When Ada=— N’ (curve of extinction)

)
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(5) Approximate formula of amplitude

(a) Rolling in regular waves
The forced roll amplitude ¢ of the ship which is rolling regularly
against beam scas with wave length L, e&nd wave height #, is

.- __ 76 SE— den)
_ J(I—T:a )4-4 (‘_,,h' ‘]‘:')’fZ
or 76- .
#- , (deg)
r J( L ;:' ):+ . ( 1:¢,.'- ::: )rt ) eg

where, 7. (Wave period) = ,/z-,rl,_/g_o.gooy,/l,-
6. (Maximum wave inclination angle) = 360" (Hw/2)/ Le
¥ = Effective inclination coefficient of wave

In case that the ship is of normal form and its centre of gravity is not ex-
cessively high or low, for waves which are almost in synchronism the effec~
tive inclination coefficient 7y 1is shown approximately as follows:

7 =0-73+0-60(0G/ d) (0G 1s negative to center of gravity
. under water level)
or ¥ =0-T4(KG/d)¥s (3%

While ¢r in. the foregoing formula can be obtained by repeating successive
approximation.

When the period of the ship 1s equal to the wave period, i.e. in synchro-
nism T, =~ T, , the forced rolling angle ¢,,. becomes raxioum and is

shown as
a c' 4 9.:
$ern "'z—b“[w 75

VAT 8.7 (ZN)

(b) Rolling in irregular waves .
The maximum angle of roll during 200 times of roll in irregular wvaves
becomes about 0.7 times the rolling angle in regular waves. Then the
possible maximum angle of roll @a... becomes

' r8. Y H.
Pmar =07 dasn -0-88 fNe - Y138-5— - —

. N La

With regard to the maximum angle of roll in irregular waves, the calcula-
tion method of the statistical probability analysis by wave spectra is
developed by Iwai and the others, and also the method of calculating
effective wave inclination coefficient by Mizuno.

(6)'A11wab1e limits of rolling period etc. in viewpoint of comfortable-
ness on board :
(a) Kempf‘s formula T.vg/B=8
(b) Watanabe's formula GM = B/12

(6) Tomi's formula  ew.<1-0m/sec’ (@ = Oscillating acceleration
) wy = Circular frequency of
encounter . )

or GM<0-256(k::/B)'- B*" (Unie: m)
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7.1.4. Method of Oscillation Reduction

(1) Categories and comparison of anti-rolling systems (Table 87)

Table 87

External type

Internal type

Type Passive type Active type Passive type Active type
Anti-rolling| Weight Anti-rolling Weight
Bilge keel| Fixed fin | Auto, fin tank transfer tank Gyroscope cransfer
Decrease of roll 35% no data 90% 60 - 70% no data no data 45% no data
Effect at low speed | effective |ineffective|ineffective effective effective |effective effective jeffective
1 - 4% of same extent (same extent 2% of same extent
Loss of deadweight | negligibleinegligible [1% of displt, as anti rol-las passive N as anti rol=-
disple, disple,
ling tank [type of tank ling tank
gi:;if:iyOE static no no no yes yes yes* no yes*
Increas f advance
r:siztaﬁc: a litcle (a little 5§ik13g no no no no no
Necessity of ‘
auxiliary power 0 0 small 0 0 large large larg?
Space occupiled smaller than, smaller than
~inside ship 0 0 water tank medial water tank medial large medial
Continqus space un-— Anecess ine oy |usually. : un—
athwarcships necessary unnecessary |unnecessary necessary necessary |necessary necessary necessary
Possibility of more unprobable ' un-
‘damage by collision probable , probable in retreat Junprobable junprobable |unprobable probable unprobable
Price low mecial high medial high high "|very high |high

* The reduction of static stability is considered due to the necessary margin for the possibility of concentrated

weight to one side,



(2) Passive type anti-rolling tank

Defining that K, is the praduct of displacement and €M, M, the amplitude
of anti-rolling mouwacnt, J, the appareat moment of inertia, ¢ the phase
lag between the roll angle of a ship and the wave inclination angle, B,
the damping coefficlent of roll, &. the wave inclination angle, ws and
w the circular frequency of oscillation and wave motion respectively, and
K, the product of moment of inertia of liquid surface and specific gravi-
ty of liquid in the anti-rolling tank, and by assuming w, ~=K,/J,, {s =

B, /(ws-J,). C~=M./K,, A=K, /K, e ~w/ws the motion equation of the
ship and anti-rolling tank is

Csine

é+(g.+ AVud+(1-ACcose) ws' = w,' 8,

Taking ¢ and O« to be the maximum amplitude of ¢ and #. respectively,
the magnification coefficient s 1s shown as follows;

_'1/\/( 1— ¢ — ACcos €)'+ "(f-‘*"—c:ilf_}‘).

¢

y- i,f-_
6w

The anti-rolling tank gives effect to the damping of ship's roll in the
form of (Csine)A/e and relates to the circular frequency of oscillation
in the form of ACcos¢ . These relations are shown in Fig. 96. The anti-
rolling moment M, is obtained from each of the motion equations of the
ship and the anti-rolling tank or the method of forced oscillatiom,.

The form of passive type anti-rolling tank is shown in Fig. 97 and

their characteristics are described below. ‘

(a) Frahm type (Fig. 97 (2))
This is the type of air
coanection betwezn the tops
of the vertical legs of the
U-tube, the water damping in °
the tanks is controllable
by adjusting the air valves
on the air pipes and the
resistance of water tubes.
The oscillation of the ship
excites that of the water
in the tanks. The optimal
adjustment of the natural
frequency and the water
damping in the water tanks
cause the roll-damping

effect by giving a phase L P

difference of 90 deg. ' !

between the ship and the Fig. 96 Anti-rolling characteristics
water in the tanks. . of Ship - Tank

(b) Foerster open type (Fig. 97 (b))
As the tanks are open at the bottom to the sea and vented at the top, the
water flow is restricted. At the oscillation of the ship, the different
water level in the tanks of both sides gives the Toll damping effect due
to the restricted flow of water in the tanks.

(c¢) Flume type (Fig. 97 (c)) .
This is the complete open channel type, anti-rolling principle of which is
the same as the above (a). The damping in the tanks is caused by free
water surface effect in the tanks and eddy making resistance at the corner
of water channel. A
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air valve

U4

air valve

"/A' 1{ 77 AL,

I
1
|

open-

(a) Frahm tyﬁe (b) Foerster open type {¢) Flume typé
Fig. 97 Form of passive type anti-rolling tank

In (a) and (c), the energy of oscillation of the ship is absorbed by the
water in the tanks and diffused by the damping in the tanks, hence the
large anti-rolling effect can be expected by giving the large damping teo
a large quantity of water. On comparing (a) and (c), (c) is superior in
the fact that the larger dawping is introduced by a comparatively small
quantity of water and that the natural frequency is easily adjusted by the
level control of water in the tanks. However (a) is superior in the easi-
ness of the damping adjustment, and the operation start and stop. Not
having the natural frequency, (b) is different from (a) and (c), and the
phase lag to the exciting force is mainly produced by adjusting the  area
of the openings. ’

(3) Fin stabilizer

The fin stabilizer, which is intended to gain the anti-rolling moment by
the lift produced on the fim, consists of three parts-in a broad way; i.e.
the fin, the drive unit for the fin and the detection controller. The
control methods of the manufacturers are characterized respectively. As
an example, the control diagram of Sperry-type is shown in Fig. 98..

Sensitivity adjustment
f:: Setting of ship speed

Roll t E::-"Honu:or for ———>To the starboard side fin

angle instructive
r.detgitor 2. :1ift Converte
1 I . cf e

angular | y (;) B 1 E
1* vef;city : Calculation % fin anglé__l he
| {detecter E"L servomecha- alslidingen 1) [briving | reoiinded ©
! Angular |.1———nism for |- “d clutch 7 lj| motor fzr fin Y
:* acceler- ! instructive ¢ Stroke p Variabler—, .. E%
! déﬁiﬁﬁbr j?lnj 1t - servo- ||b flow —tion :“
1 i echanism| pump |
| [Detector] | Instruc- H I 5
| for in- I tive lift Ampii-] | Fin angle 15
! C}:ég?_éégn ' fier L- control -*——"""‘4'5
| tion | \_Controller device lj
| - — lg
|

-

, 1
Shi ”ﬂgﬂgpf_ ________ Convertion of fin 1ift
L MY I Stabilizing | Stabllizing fin at fo-.J

| moment _port-side
. l
L--Qutboard disturbance —Outboard disturbﬂ
due to wave inclination ance to attack

angle of fin
Fig. 98 Block diagram of fin stabilizer
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The feed-back control of fin angle £ is carried out in proportion to ¢ .

¢ and ¢ . Assuming that the Hft on the fln s fn proportion to the fin
angle, the motion equation of the ship having the fin stabilizer s shown
as follows;

J.¢+B.éd+K,6~K,0.+ P8 ‘
B=K ¢+ K. ¢+K, ¢ P—p,ARV' dC./dB

where A is the total projected area of fin, R the distance between the
center of roll and the fin, V ship speed and # specific gravity of sea
water. dC,/dg 1s the gradient of lift coefficient of fin as shown
below.

dg 14+ m(1l+7) (xd.)., 3 ¢

(b : Breadth of fin, e : Chord length of fin)

¥ =0-019A +0-067, m=0-7X2n ( A: Aspect ratio)

The other symbols are same as those stipulated in (2) Passive type of anti-

rolling tank. In a general case, the fin control is obtained sufficiently
by taking only K, into account. :
The fin area is decided

by the lift L, of fin 80

necessary to the anti-
rolling moment of the

fin stabilizer acting 70
against the stabilicy
force of the ship body

and the maximum lift L, - 6ok 1_ /

which can be produced . 3R
by each sized fin of ° IR
the manufacturer's . 013R:

-
Il

S

standard specification.
As an example of L, ,
the fin stabilizer of

¢
3R

3

the Sperry type is
shown in Table 88. L,
is calculated by the
following formula.

i
'~

8

I N 7A__n-
A CoM sin 8, . 2

)
. B+ OR 2
8, : Inclination angle 230]- e = . S

life at a side (t)

L@;

of effective wave ) o Sperry
(usually 5°)
OR : Span length of fin . A Vosper

The relation between L,
and L, is obtained
empirically and varied

in the respective naviga- 0 250 500 750 1000
tion routes and cargoes. AGM

The actual results of the B

ships with the fin sta- Fig. 99 Actual results of ships
bilizer are shown in Fig. _ with fin stabilizer

9. . .
9 - - . Note) The symbols in parentheses show the

fin types. (Refer to Table 88)
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Table 88 Particulars of Stabilizer

| Symmetrical fin form, With flap .totally fitted on rear edge
of fin, Flap angle = 1.5 x Main fin angle, Housing type to
Type - |be folded backward, Lift control system

1 2 3 3R 4

Size(:’ﬂf Ein 1 2.46x1.07{3.05 x 1.52{3.66 x 1.68| 3.66 x1.83 | 4.27 x2.13

Max. lift ()] 20.3 30.5 43.7 55.9 91.4
| 15 ke 11.4 20.3 26.8 29.3 40.0
<1 16 13.0 23.2 30.6 33.4 45.4
RIS 14.6 26.2 34.6 37.7 51.3
o | 18 16.5 29.4 38.7 42.3 " 57.5
§ 19 18.3 30.5 (32.7) 43.2 47.1 64,1
2 20 . 20.3 30.5 43.7 (47.9) 52.2 71.1
3 T 20.3 (22.4) 30.5 43.7  |55.9 (57.5) 78.2
w22 20.3 30.5 43.7 £ 55.9 85.9
: 23 20.3 .| 30.5 43.7 55.9 | 91.4 (94.0)
= Remarks Figures in ( ) show calculation values.

7.2, Statistical Prediction on Ship Responée .
7.2.1, Statistical Prediction Method (Refer to Chapter I, 2.10).

(1) Short term prediction '
Assuming that the probability distribution of ship response in time series
in confused sea is the normal distribution and the probability distribu-
tion of extreme value (the maximum or minimum value) is subject to Rayleigh
distribution (this assumption is applied hereinafter), the variance of
ship response o' or the cumulative energy density E is applied as para-
meter of short term distribution, The relation between E and o 1is

VE-/2a
(a) Ship response in confused seas -
_The relation between the course of ship aorth
%, the direction of wave u# and the }
angle of attack x is shown in Fig. 100.
When the response amplitude operations
(RAO) of frequency of ship response in
long-crested regular waves and the wave
spectrum f(w, o) in irregular seas in
the short term are given, the function
of energy density is obtained by the
method of energy spectrum to which the
linear overlapping theory is applied.
The RAO of ship response is obtained
by theoretical calculations or model Fig. 100 Co-ordinate systers
tests, (relation between
. course and waves)

- Cast
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The two dimensional wave spectrum flw, o} 1s shown in general by the
product of one dimensfonal wave spectrum J(w) and the direction distri-
butfon function of clementary wave g{a)' as described below.

Hew, a)=J(w)Xgla)

gle}=1 (long-crested irregular waves)

n . = X
5 cos’a . el 2 (short-crested
-0 T lals x irregular waves)

As an example the ISSC spectrum etc. may be used for one dimensional wave
spectrum. (Refer to Chapter VI, 1.3) .

The energy density function of ship response is shown as

(S(w. X. &) dwda =~(RAX w, X + a))' (J(w, 0))' dwda

The variance of ship response is shown as

Cutx) = [ [(Slo. 2 )" duda

(b) Short term prediction of ship response
The various expected values in irregular seas of short term are shown by
. the standard deviation values ¢ . (Refer to Table 18, Chapter I, 2.10)
The extreme .value X of ship response x exceeds a certain value =x, in
the probability ‘¢ as shown in the following formula '

e X>x) =exp(—2"/25")

‘and the time rate to x>x, is

. . 1 2 xn/YE0o . l
p(:>:.)—_-2—l 1 ——‘/—-—;-f. exp(—¢")d¢
‘The significant wave height H.(e,) which shows the limit to which the

probability ¢ of a constant value X, being exceeded goes.beyond a cex-
tain value ¢, 1s described as follows.

x, 1

Hs LI
(a) v 2log.(1/q,) a/H, .,

(2) Long terz prediction

(a) Long term prediction’ on uncommon values of ship response
Regarding the acceleration of oscillation, the stress on a ship body and.
bending moment caused by wave load, the long .term prediction is applied
for the prediction of uncommon values which rarely occur through a ship's
life. When the probability density function of wave occurrence in long
term p(H, , 7T,) (refer to Chapter VI, 1.3) is given, the long term cumula-
tive probability Q,, with which the ship response of the ship navigating
along a constant course in the sea reglon exceeds X, , is obtained as the
function of the angle of attack y as follows;

Q.(X) -f: f:exp(—:.'/za')pul,,. ) dHwd T,
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Assuming that the wave occurrence probability in long term. of the angle
of attack is uniformly distributed,

Qun -

F 4l

(b) Long term prediction on occurrence frequency of critical condition
This prediction is applied to the long range probability with which the
frequency of occurrence of the submergence, slamming and propeller racing
exceed a certain value. The wave occurrence frequency in long term
p(H,.,, T.) being given, the response x of the ship navigating keeping a
course with the angle of attack X to the wave exceeds a certain critical
level with the probability € . The long term cumulative probability,
with which the navigation condition in which 9 exceeds a certain level

@ is encountered, is shown as the function of X as follows;

Q.. (1) -_]:'f__'p (He,y, TV dH, ., d T,

However, on condition that the ship's speed is constant, H; 1is referred
to 7.1.1 (1)(b) and the long term occurrence frequency of the angle of
attack X is distributed uniformly between 0 and 2x , the following
-formula is given.

qu __'l_— t'Qc| (x) dx
2n7*

7.2,2. Statistical Distribution of Ship Response

(1) Ship response in confused seas . -

The calculation example of significant double amplitude of oscillation
(container ships) in confused seas is shown in Fig. 101 (pitch) and Fig.

102 (roll). The acceleration by oscillation is shown in Fig. 103 (vertical
acceleration at bow) and Fig. 104 (transverse acceleration at center of
gravity).

(2) Short term distribution

{(a) Slamming
- The following two items are usually considered as the occurrence condi-
tion of slamming. '

1) Exposure of the ship's bottom at bow :
2) Relative speed Prr at the time when the ship's bottom at bow hits
water surface again exceeds threshold velocity v,

The item 2) is dependent on ship's form, ship's speed, etc. and the for-
mula s, =0-09/gLl (Ochi's formula) is often used and also the values by
Tasai and Ferdinande are introduced as those of analysed experimental
results, The calculation example on the limlt of slamming occurrence is
shown in Fig, 106.
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SR 108 container ship
(b) Submergence of sea water Bl Cca=0-559, 2/B=5-89
The condition that the relative motion | F,=0-275
amplitude 2r, exceeds the bow free- .1 occurrence limit pf. ' -
board / is defined as the submergence . sea water submergencc /
of sea water. The effective freeboard // A
Je for navigating condition in calm : ’Q-“\ —
sea is desirous to be used as the bow - = " o ] |
freeboard. f. is obtained by sub- - S /
tracting the statical swell-up {; of 9 10} / :
bow seas from S . Regarding ¢, , o / y /’
Tasaki's experimental formula about 2 | 7 v -
. Q)
large tanker is introduced below. . .?‘. / ///gy/,,
- BL .., 2 / // o]
Ly =0 75-1-F 2 /// ‘,/
£ o
L, : Length of water plane entrance W /
5
In case of navigating in seas, the. ;V//
revised z,, to the dynamical swell-up Y
of wave surface by relative motion /
had better be applied instead of 2rs . [ 7 1 9 10
The experimental formula by Tasaki is , Beaufort scale
shown as follows; 4 56 1 & 9 10 jL 1
. s1~n1f1cant wave height (m)
4{Cs—0-45) few Ly 8 9 Y 1213
Tea =Xy 3 ( p, ) ] mean wave frequency (scc)
w !l Fig. 107 Occurrence limit of
0-16-7 1, 0-29, l-ﬁ*’-—;—<2'5 - 8¢a water submerpence

The relation between the occurreance limit of sea water‘submergcnce and the
bow freeboard to be obtained by the calculation is shown in Fig. 107.
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(3) Long term distribution
To obtain the long teruw distribution of ship response, the data ou seas
over a long term arv required.  The obscrvation data on the North Atlaantie

and others (refer to Chapter vl, 1.3.4) are often used for a long term
prediction.

(a) Uncommon values of ship response
The prediction of uncommon values on pitch amplitude and roll amplitude,
and on vertical acceleration at bow and transverse acceleration at center
of gravity are exemplified in Fig. 108 and Fig. 109 respectively.

(b) Limitation for the deceleration to be required
Lewis represents the formula dqu. -0-01 as the occurrence probability of
slamming in the limitation in which the deceleration is not required.
The calculation example of long term cumulative probability of slamming
to 9.20-01 is shown with a parameter of F. to ship length in Fig. 110.
Lewis also represents qaw=0:02 as the occurrence probability of sea
water submergence in the limitation in which the deceleration is not
required.
Fig. 111 is the calculation example in which the long term cumulative
probability of sea water submergence encountered to the navigating condi-
tions of gq.. 20-1 1is shown as a function of ship length.

—~ SR 108 container ship L~
by Cx=0-559, L/B=68) o 3 .
320 F. =0-275 o \ SR 108 container ship
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o '\_ N . o] ~ \
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Fig. 108 Long term distribution of ship response
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7.3. Resistance Increase and Propulsive Performance in Secas

7.3.). Reststance Increase In Regular Seas
The modification methiod based on Maruo's

theory and the approximate calculation ' SR108 container ship
method based on the strip method are Ca—0-559 -_.exlierimental
. L/B=§-29 ues
introduced ‘as the method which are F. =0-20
. — Maruo's theory
used widely to obtain the resistance
head wave(180°) Nak 4
increase R.e in regular seas theo- 3 —_ Sﬁi?\?:gg':n
retically. (Fig. 112) . method 1100)
§ —= Fujii and
7.3.2. Resistance Increase in . | Takahashi's
Confused Seas - 0 _ method (101)
Using the response amplitude operators % \ —— Takagi and
of resistance increase in the long- N N\ l(iggg)a s method
crested regular waves, on the assump- o 10l i N
tion that the resistance increase is ”,/ \QE |
in proportion to the square of wave T~ "\\
height, the short term prediction | : wd.D I
method of 7.2.1 is applied to the 055 10 5 30 5.5

calculation of the mean increase of

- wave length/ship 1
resistance R, (x) in confused seas. gth/ship length

Fig. 112 Example of calculation of
resistance increase in regular
seas {in head wave)

T2 [ TR (w, 140) U (w, )} duda

where Riw{w,x+e) is (resistance increase in confused seas)/(wave
height)2,

7.3.3. Resistance Increase by Wind
The resistance of wind pressure is

R. "";"ﬂak (8)C, .Ar Ve

where Ps is air density, & relative wind direction, V, relative wind
velocity, A, front projective area of ship body above water line.

With X of the angle between the direction to bow and the wind direction
and U of the wind velocity, V¥, is

sinY
V/U—cos )

C, is the resistance coefficient of front wind pressure, k(8) is the
influence coefficient of wind direction. The examples of the above coef-
ficients obtained from the experiment in a wind tunnel are shown in Fig.
113 and Fig. 1ll4. Besides, Isherwood method shown with regression curves
by analysing many experimental data is introduced.

The rate of resistance increase by wind is smaller than that by wave under
rough sea conditions but the rate becomes rather large under calm sea
conditions. (Fig. 115)

Vi=U+V'—2UVcos, & —tan™*
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Fig. 115 Resistance increase by wind and wave

7.3.4. Propulsive Performance, Increase of Horse Power and Lowering
of Ship Speed in Seas ’

(1) Propulsive performance ,

1t is reported that the mean values in time series on (1—1), (1— w)
and 7ns under head seas are not S0 different from those under calm sea,
but the open propeller efficiency m and propulsive efficiency =7 de-
crease considerably.

(2) Increase of horse power
According to Miyamoto's method by which the thrust increase AT in head
seas can be obtained,

J(F) (on/om)

T = 0- 46 BH, I T e/ Ly c2*v B/ d
AT = 0-009 44 ( ) / (140 11w/ 1

{¢)
f(F,) = 2-10—26- 8 F,—0-287 y?
17-09

nvari |1+ SR )

where H..» 1is significant wave height, T, mean wave period and T,
natural period of pitch. In addition to this method, there is Moor -
Murdey's method by regression analysis to a lot of experimental results.

. oy =22/ T.

w/ wa ™

- (3) Lowering of ship speed.
Aertssen's formula by which the lowering rate of ship speed can be estimat-
ed from test results analyzed on actual ships is

v
.100-9‘7—— "Ii+n (%)

where m and 7 are shown belew in Table 89. Actual values of the lowering
rate of ship speed are shwon in Fig. 116.
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Table 89

Values of m and

Frontal Oblique Following
seaufort | S18nificant | head seas head seas Beam seas seas
scale |wave height

(m) m n m n m n m n

5 3.0 900 | 2 700 | 2 350 | 1 | 100 | o

6 4.2 1,300 | 6 | 1,000 | s 500 [ 3 | 200 | -1

7 5.8 2,100 | 11 { 1,400 | 8 700 | 5 | 400 | 2

8 7.4 3,600 | 18 | 2,300 |12 | 1,000 | 7 | 700 | 3

As the limit of intentional speed reduction (navigation limit), Lewis and

Aertssen's proposals (Table 90) have been introduced.

On the other hand,

Yonekura has proposed the navigation limit based on the examination on the
structure and fatigue strength (Fig. 117),

o
Q
]
E' 15 —"\ \. " " l
"_u' .. N8 | 1 lewis
] Sttt A 4 i
o >\ ° \ probability L ¢1/50 uE \ 2 RJames
< o6 \ SN N of sea water, { S
3 O\ '\ submergence 1/20 . "3-1 Aertssen
o | - \\* 1959
@ .S N 10 — ;
= N N A 3-2 Aertssea
2 i 7 o \ 1963
E 04 - 3-1- Yoo 4 DPringier
@ ofeneral cargo vlumber carried - J X HPoeN
= ship o 4 (V,>13kt)
& " ® ¢ (with deck cargo) 21 3-2- HP'oeN'
& ® mixed boat _‘fean "aiuel » S (V< 13k
0-2r ——large single- a t - N

: 2 D container Ship parl:g)ose Sﬁip E | 6 6 NV
o | A car carrier 77 c"(‘gt‘{”i'z‘gf ship “ 27 fatigue
= ] 1- strength
§_ A chip carrier . o 3

0 2 4 & § 10 1 14 0 5 10 15

wave height (m)

eye-measuring wave height (m)

Fig. 116 Actual results of ship
speed lowering in seas

IIX

Fig. 117 Navigation limit
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Lo

Table 90 Navigation Limit

Bulk General
k
Tanker carrier | cargo ship Ferry boat | Trawler
Sea water
/]
% | submergence 1/ 50
S Slamming 1/100
>: Passenger Crew's living quarter Probability
Bl Acceleration cabin 0.2 g, or working area O0.4g, 1/25
Sea water .
aubmergence | /100 5/100 5/100 5/100 5/100
o | Slamuing 3/100 3/100 4/100 | 5/100 6/100
Q
u | @ Whipping . :
4| stress 2.0 2.0 0.6 0.4 0.9
2 | (kg/mn?) |
o | vertical _ ’
acceleration| 0.5 g 0.5 g 0.9 8 1.0¢g l.4 g
at bow

Note) The limits for the sea water submergence and slamming are shown in
probability (number of occurrence /number of oscillation}.

7.4. Effect on Seaworthiness by Ship's Form

7.4.1. Effect by Principal Dimensions

According to the calculation results (Fig. 118) based on the strip method
by which Takarada and others calculated the ship motion in confused seas
changing the ratio of principal dimensions of car ferry form, the effect
to ship motion is most remarkable in L/B and C», secondaly in C, and
least in B/d . The pitch, heave and the relative displacement of bow to
seas and vertical acceleration are smaller to the bigger L/B, C» and C,
respectively.. The trend of change is shown in Fig. 118 for the principal
dimensions ratio but it should be noted that the displacement is not con-
stant except in C, series.
According to the results of model tests by Tasai and othexs for the ship's
form of single screw high speed container carrier with constant displace-
ment and either L/B of 6.8 or 8, the oscillation and vertical accelera-
tion are smaller to the bigger L/ B .-
By the test results for the ship's form of series 60, Vossers and others
show that the oscillation is smaller to the bigger L/d with the constant

L. B, C, and the variable d in the longer wave in length than the ship
length. With the constant L, 4, C, and the variable B , L/B effect is
small and less remarkable than that of L/d . Fig. 119 shows that with the
constant L. B, d and the variable C, the heave and pitch are not much
effected by C, but the relative displacement of the bow to the wave is
smaller to the bigger C, -
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Fig. 119 C,.'s effect on vertical motion
( L=200m, v, =17,2kt, angle of encounter tc wave = 170°)

ITI.- 184




7.4.2, Effect by the Shape of Frame Line
Swaan and others made experiments on the ship's form of series 60 (C, =
0.70) by varying the shape of frame line in the fore part of ship body
The experimental. results show that the ship motion in V-shape frame
line is smaller than that in U-shape in the longer wave in length than the
ship length, the relative displacement of the bow to wave is smaller in
U-shape frame line than in ordinary V-shape and the increase of horse
power by waves .is larger in the closer to V-shape in full load condition
and also larger in excessive U-shape than V-shape in ballast condition.
Yourkov calculated the vertical motion on the ships with C, = 0.60, 0.70,
0.80 by the strip method maintaining the aft part of ship body identical
and varying the extent of UV shape in the frame line of the fore part of

only.

ship body.

The results show that the heave is smaller in V-shape, the

pitch is smaller in V-shape in long wave and in short wave it 1s same as

'in U-shape or ratler larger than in U-shape.

However, it is generally

resulted that the vertical motion is smaller in V-shape (Fig. 120) and

such difference comes from the larger damping in V-shape.

The difference

between V-shape and U-shape is larger in smaller C, and smaller in larger

C.'
7 T T T T Y T v T T Y :
_______ U~ bow Cx=-0-70 U- bow Cp=0-70
Lo TN M Froude number ref T Uv-bow  proude number A
. ‘ bun —'——VObow 0 20
b 12 1-2¢ .
Z,/3%, 6./K3,
0-8 o-8- i
o-¢F heave 0-<F pitech - A
1 1 ) DU | ] 1 3
0 0-2 G-4 . - 0 0-2 0-4 06 08 1-0 hort
. long wave_ _ JITX —.short wave longwave /LT3 shor
length length length 4 —“’1:ﬁ;ih

Fig. 120 Effect on vertical motion by the shape of frame line

In the ship form of car ferry described in the preceding article, the
variation of C. is corresponding to that of the shape of frame line,

The fact that the ship motion is smaller in the larger C, , means that the
frame line of V-shape 1s more effective in this ship form too,

7.4.3. Effect by Flaring and Freeboard
According to the experimental results that Newton has got from the model
test on the high speed warships in waves, the larger flare and freeboard
bring about the effectiveness of less deck wetness with the less effect
on the ship motion.
Swaan and others have also shown such experimental results in the varia-
tions of flare for the ship form of series 60 that the extent of flare
gives more advantage to deck wetness with less effect on the ship motion,
Fujii and others have obtained such results from the model test to be made
to examine the relatiom between the flare and the panting at bow in the
full ship that the closer to the vertical position the stem is, the more
advantage can be obtained. This fact has been confirmed in the investiga-
tion on the damage example of actual ships in the Structural Committee of
the Socliety of Naval Architects of West Japan. In this investigation, it
is reported that the larger the radius of curvature on horizontal plane
of the bow shell near the upper deck is the higher the damage rate becomes.
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7.4.4. Effect by Longitudinal Radius of Gyration
Swaan and others made self-propulsion test in confused seas by the ship
form of series 60 with C, -0-60 varying longitudinal radius of gyration k,,
from 0.21 to 0.27. The test results (Fig. 121) show that the heave does
not give much effect on the longitudinal radius of gyration but the increase
of longitudinal radius of gyration causes the increase of the pitch and the
relative displacement of the bow to wave, which is disadvantageous to deck
wetness. In addition, the lowering of ship speed becomes greater but the
vertical acceleration at bow becomes smaller.

pitch ' vertical
heave : gott W ) relative displace~ gcceleration
. gea%ca}e ment at bow At bow
1o} Beaufort 10 -_""”’,2_— a0t ot 1-0 Beagggig
scale 1 ea“iole“ "
_scale L
22,4 9 2’.“ ? 2.74 % LEN ”'"\._’____
w | 1T o U —_—
5 - ——
3 _________§_$= TR 3 4 5 ! 5
—~ 0 ———— Y - D 0 1 i ] wdm 0 n ity 3 - v~ 0 A A r]
Ln 0 25 s s W ws 5 WS 28°% ns 8 1S gg W w5 B s
Sg KelL (%) Se Kn/Li%) e Kun /L (%) g3 Ko/ (%)

Fig. 121 Effect on vertical motion by lonéitﬁdiﬁal radius of gyration
(L= 150m, V, = 14.9kt, angle of encounter to wave = 150 deg.)-

Vessers and others have got such results from the self-propulsion test in
regular waves for the ship form of Victory-type with C, ~0-69 -that the
greater longitudinal radius of gyratiom brings about the greater lowering

of ship speed.
L=150m Cp=-0-62 I/H~6-83 B/J-2-89

7.4.,5. Effect by Bulbous Bow
According’ to the experimental results on-the ship
form of series 60 with C, ~0-65 by Gerritsma,
the bulbous bow with its cross-sectional area
of 10-15 percent to the area of midship section
brings about the smaller pitch and the greater
heave and horse power increase by waves,
Concerning the single screw high speed contain-
er ships, Tasai and others examined the effect
of small bulbous bow (the corss-sectional area
of 2 percent to the area of midship section)
being usually used on this type of vessels and
havs chtained the experimental rcsults that the.
adoption of the bulbous bow is unfavorable to
the sea water submergence and induces the greater
panting pressure to the bow bottom because of 50 value
the larger swell of wave and the decrease of bow with(17-2%)
effective freeboard by the bulbous bow, while bulb
the oscillation performance and the horse power ———— bow without
increase by waves are not much effected. ol ,bulb
Wahab has reached the same conclusion as 16 13 20 2
Cerritsma and Tasai from the model test for Fig. 122 Effect by bow on mecan
high speed liners. But his conclusion is dif- ’ resistance in irregu-
ferent from Tasai's in regard to the horse power lar long crest waves
increase by waves due to the adoption of the '
bigger bulb (17.2%) and same as Gerritsma in the point that the adoption of
the bulb brings about the greater horse power increase in waves (Fig. 122).
On the effect on the seaworthiness for the ship's form of high speced war-
ship by the large sized bulbous bow (25 - 65%), Takezawa has obtained such
results from an investigation that the adoption of the bulbous bow tends
to decrease the oscillation but to increase the horse .power by waves.

Beaufort
scale )

200

150

100t ion

mean resistance (t)

measure-
ment
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8. RUDDER

8.1. Force and Torque Acting to Rudder

8.1.1. Calculation Formulas to be Generally Applied to Rudder Design

V, = Flow velocity to rudder (m/sec), v,/ = Flow velocity to rudder (kt},

& = Angle of attack (deg.), Pa'= Normal force to rudder (kg)

T = Torque (kg-m), A = Height of rudder (m),

¢ = Breadth of rudder (m)

@ = Distance between leading edge of rudder and
center line of rudder stock (m)

t = Thickness of rudder (m) : T

s = Distance between leading edge of rudder and
center of normal force (m) .

A, = Movable part area of rudder (m2) (Fig. 123) S z

(1) Normal force and center of pressure
centey oft—e-

(a) Beaufoy's and J8ssel’s formula . *%gf_g‘gl
P.—~58-8A,V, sina—15-64,V, " 'sina (Beaufoy's formula) I~ ¢
x/c=0-195+0-305sin o (J8ssel's formula)

(b) Akasaki's formula
P.=1-025A,V, {1 —0:6(¢/c,)} . I

: U Fig. 123

where, ¢, = Effective breadth of rudder (Fig. 125),
® is normal force at V, =im/sec, A, =1Im', ?/c,~0 - and obtained from Fig.

124. © ] .
o W13 y‘“_

. 1-R ‘1’1l-'6_\,_§’%'—:;/
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Fig-. 124 x/e. or ® ~ Rudder Angle Curves
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x, : Length of dead wood part

e ’f“ having effects on rudder
7 ? c,~cs+z,
X Ai _[{’2:' Cc=€y — 3¢
A =T . A [ i The provisional leading edge
@ Tl of rudder X-—X 1is obtained
e ! E ry, as follows..
¥e .
. Ce ] g - I‘Ih
\_ c’ .. ‘ € C.l""‘t.(k _h')
€™ Cp™ C¢ ) ". X £, __E'_if.'_!uxf_'xf_'.
in the case of in the case of 2 Ao
balanced rudder semi-balanced rudder - A’
. . . ‘,"(I‘ —j)x—;

Fig. 125 Illostration of ¢ ¢, c. etc.

The center of normal force is obtained from x/c.~ rudder angle curves
in Fig. 124, but refer to Fig. 125 as to ¢c . '

(2) Torque .T—R.(x—q)

(3) Flow velocity to rudder ¥, : -
The filow velocity to the rudder is accelerated by the race of the propel-
ler. In general, the V, to be used in the rudder torque calculation is
sbout 1.15 times the trial speed for single screw, single rudder ship and
twin screw, twin rudder ship and about 1.10 times for twin screw, single
rudder ship. - :

8.1.2. Various Factors Having Effects on Rudder Performance .
The formulas in 8.1.1 are usually applied to ruddér design, but the follow-
ing factors, which have great effects on the forces acting to the rudder,
should be properly considered.

(1) Aspect ratio A~Mc _

The effect of aspect ratio on lift coefficient C, (refer to Fig. 126) of
the symmetrical airfoil of Gdttingen type 1s shown in Fig. 127, It is
well understood that the larger the aspect ratio is, the larger the rate
- of 1ift increase becomes for the increase of angle of attack, and on the
other hand, the larger the aspect ratio is, the more, the possibility of
stall appears at small angle of attack., However, most of actual rudders
working in the race of the propeller may be considerad not to stall even
at the large angle of attack as much as 35 to 40 degrees. Therefore, the
 rudder with large aspect ratio is actually favourable in spite of the
results in Fig. 127 (refer to 8.1.1 (2)). .

A 213 1 08 066
Pn L Life . __ L ‘ﬂ
’ coeffi- C;""P I 004ago
cient -Z-AV,' I
0-&
Drag .~ _ D G 0
coeffi- ¥, /o
cient A o8 Sl "
’ 2 7 // Gottingen airfoil 538
o2 [ ing
Nofmﬂl P. 0 — = - i " L a B
force Ca- : § 10 15 220 25 30 35 40
/ coeffi-" L oqv angle of attack © (deg)
; > pressure cient 2
! distribution Fig. 127 Effect of Aspect Ratlo
Fig. 126 _ . on Lift Coefficient
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It is also noted that the rudder with larger aspect ratio has less rudder
torque against the large normal force. -

(?) Race of propcller and wake of hull

The race of the propeller increases the flow velocity to the rudder and
" the Tudder force. This effect is larger to the larger slip ratfio of the
propeller. The wake decreases the rudder force. These effects are shown
by the following formulas according to Okada and Fujii's results. In case
of the pretty large slip ratio like that of recent large vessels, C, tends
to increase at the larger rate than s* . (Refer to 8.3.2)

P
Cpoe —
SYRHE _
where V. = Ship speed (m/sec), A = Aspect ratio

s = Real ship ratio = 1 —(1 — ©)V,/(aP),

P = Propeller pitch (m), » = Revolutions per second

w = Wake factor

—(1—wr(1+3$r*»—47—$ma

(3) Yawing motion

At the beginning of the turning, since the ship is drifted out of the
turning circle, the center of pressure moves forward with the decrease of
angle of attack to the rudder and rudder force. At the same time, the
lowering of speed by the turning decreases the rudder force directly,
while it increases the rudder force indirectly through the increase of
propeller slip and shifts the center of pressure forward. As the wake at
the turning motion is quite different from that at the straight advance,
it also has great effects on the rudder force and the center of pressure.
Due to these factors, the rudder force at the turmning, especially the
rudder torque, shows the complicated phenomenon and the values are fre-
quently different considerably from those calculated by the preceding
formulas. At present the formulas in 8.1.) are generally used as the
comparative criteria.

(4) - Air drawing i

The drawing of air occurs at the large rudder angle when the top of the
rudder is at or near the surface of the water and causes the decrease of
normal force and the increase of rudder torque. In addition, abrupt
changes for both of the normal force and the rudder torque are sometimes
induced.

(5) Camber ratio (/¢

According to the experimental results by the wind tunnel of NACA, for the
rudder with small cazober ratio, the drag force increases and the lift
force decreases in the large angle of attack, and the airfoil with small
camber ratio tends to stall at small angle. But, if the camber ratio is
too large, the performance becomes bad due to the increase of the drag
force at small angle of attack., However, since the stall cannot occur in
the race of the propeller, it is concluded that the effect on the rudder
performances is small as far as the camber ratio is not so large (refer
to 8.3.3 (3)).
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8.2. Type of Rudder (Fig. 128)
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.

—to—— - > .
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Rudder Rudder Rudder (Spade Rudder)
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: e > g ;
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'ruEdeE post~<<—P edge part )
{53) Simplex Rudder (6) Oertz Rudder e Reaction Rudder
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(8) Nozzle Rudder (9) Semibalanced (10) Costa Bulb (11) Active Rudder
Hanging Rudder - Rudder ,
(Mariner Type Rudder)

Fig. 128 Type of Rudder

_The double plate balanced rudders are widely used. The reaction rudder :
which collects the revolving energy held in the propeller race and in- (
creases the propulsion efficiency can provide 1-2 percentage of saving in
propulsion horsz power with the twisted fore end part of rudder (Fig. 128

(7) and Fig. 134 (2)). The active rudder, having a small propeliler driven

by a small submersible electric motor, is employed on a ship like a fish-~

ing boat or a launch which especially requires the small turning radius

and the excellent manoeuvrability at slight speed. Many rudders of this

type employ the steering gears with maximum rudder angle of 45 -to 90 de-

grees at both sides. The nozzle rudder, giving a larger tug thrust and a

more effective manoeuvrability at slight speed, is appreciated for the

harbour tugboat use.

8.3. Design of Rudder
8.3.1. Determination of Rudder Area (Refer to 8.3.3 (4))
(1) Mcthod from actual values of existing ships

. Rudder area is estimated from rudder area ratio Ld/A, { A. is the rudder
area of the movable part) of the same kind of ships having similar length.
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In such full ships as c‘ankers, the actual values of [fd/A, are apt to
decrease as the parameter C,/(l./H) , which dénotes the fullness of the

(2) Murahashi's chart (Fig. 130)
This chart is available for general cargo ships, bulk carriers, tankers,
But, in case of full ships having L/B< 6 ~6-5, and C,>0-8 , it is
desirable to calculate rudder area ratio by the method mentioned in (3).

etc.

(3) Yamada's chart (Figs. 131 and 132)

as the rudder area ratio of the intended ship.

ship, increases. These values are shown on Fig. 129.
80
I Actual re-
' ° cords of
10_2—1 shows twin A2 ordinary
screw single « 4 } 4 . T8 Toe e ° type rudder
rudder type = ‘A; £ s %% % L0 ko accommodat-
LSS | bo % o ed in the
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rscrew twin & ° stern are
rudder type shown
62-2 except
‘ £0 - S fspecially
L 2-1 822 noted.
A, )
40
40 > do‘
2-3 2-1 e
2-2 1 Ay nﬂ ._.
. 'y (4 ™ iy ) luu
o 2-1 2-2 7 N .3 8 vo
.- s 4 2% Blo
‘ °
l 60 o= -
2t 6 tanker,ore/oil carrier,ore/bulk/oil carrier 4
A bulk carrier,ore carrier & lhanging
»x general cargo ship X [ rudder type| ., 2-20
* jo} % mixed ship 011 012 013 0l 015
+ container ship hanging C
o car ferry,passenger ship rudder type 17%
g car carrier '
] i ] = | - ] 2 J ]
0 100 200 ’ 3oo 400
Lpp (II‘I)
Fig. 129

This chart is mainly for large full ships with single screw, single rudder
and cruiser stern such as tankers.

The greater value required from the
course stability (Fig. 131) or the turning ability (Fig. 132) is adopted

But, actually, it is neces-

sary to take into account that stern form, rudder form and arrangement of
rudder and propeller give much influence on course stability and turning
ability of the ship in addition ‘to the ratio of hull dimensions and block
coefficient, -

(4) Chart for ships with large profile area affected by wind (Fig. 133)

This chart is decided so that the ship can be operated under the condition

that (wind speed) /(ship speed) is 4.5 and below and actual results are

carriers.
single rudder.

also taken into consideration in this chart.
ships with large profile area affected by wind such as car ferries and car
The chart shown in Fig. 133 is for ships with single screw and
And corrections for rudder area are necessary to the ex-

This chart is available for

tent of 1.5 times for ships with twin screws and single rudder and 0.9
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times for those with twin screws and twin rudders, considering the flow
speed to the rudder. - -

._I_'i ""_é‘ k'a’a:Z;/L‘ ™7 T r ¥ 1 r7 0-140 < ‘::
Ax olf'{g. d =designed full load draft 7 _ \\ \ q\""’
Ca=block coefficient cor—], 0-135 J < o
85) .18l responding to the / \ \ I
draft mentioned abovped N 1\
017+ LI 1 L 0130*\ WY i
& s 231 Y/t Co N T
0-16p—=<F— AV 175 o125t —ps .
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700,14 f 3
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0_‘2/ ! il 24 25 26 27 28 29 30 3"
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Fig. 130 Determination Chart
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Fig. 133 Deterzination Chart of
Rudder Area for Ships with
Large Profile Area

Fig. 132 Standard Rudder Area
Ratio required from
Turning Ability

8.3.2, Arrangement of Rudder :
The effect of arrangement of rudder and propeller shall be taken into con-
sideration in the final stage of determining the rudder area. The smaller
the clearance between the rudder and the propeller is, the better effect -
of the rudder will be obtained, but the more unfavorable effect will be
~ given to the hull vibration (refer to 10.4 (5), table 93). The influence
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of the combination of propeller and rudder on the effect on rudder is pre-
sented by Baker and Bottomley as shown on Table 91.

Table 91

Combination of propeller " Increase ratio
and rudder Effect of effect on
No of 2 on rudder VsV rudder by
propellers No. of rudders i Dead wood
1 1 0.9-11010,95- 1.0 1
1 (Adjacent to _
2 “dead wood ) 0.7 -0.81{0.65-0,7 1.6 - 18
1 (Distant from
2 dead wood ) 0.4 -0,51] 0.65-0.70 1
1 (Hanging.rudder,
2 fine ship and 0.9 0.95 1
cut up stern ) :
2 2 1.0-1.11] 1.0 - 1.05 1

Normal force of
rudder fitted at stern =( V. )’ {Increase ratio
Normal force of | 4 by dead wood )
rudder itself

* Effect 6n rudder =

8.3.3. Dimensions.of the Rudder

(1) Aspect ratio

From the point of torque saving of steering gear, aspect ratio should be
as large as possible within the range that stall and air drawing of the
rudder do not cccur. But, actually, the height of the rudder is limited
by the ship draft and also the rudder area ratio is determined by the
kind of ship and ship length, so aspect ratio is in almost all cases
decided by such factors. The aspect ratio of the rudder for large full
ships such as tankers are usually between 1.3 and 1.7 and the bigger the
ship becomes, the smaller the aspect ratio iIs apt to be. The aspect ratio
of the rudder for car ferries and passanger ships-having twin screws and
single rudder is rather szall and the values for some of such ships are
between 0.7 and 1.1.

(2) Balance ratio '

Balance ratio is the value of the forward part area of balanced or semi-
balanced rudder divided by the total area of the sald rudder. The balance
angle (the angle at which torque becomes zero) calculated by Beaufoy,
Jossel's formula is recommended to lie between 16 degrees and 17 degrees
for large ships and 13 degrees and 15 degrees for small ships. Attention
shall be especially given to the medium speed diesel engine ships with
manually operated steering gears because the rudder with balance angle
over 13 degrees makes it heavy and difficult to return rudder angle to
normal position. In this case the calculation results of the torque at

e - 7,
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—

i
1
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35 degrees by Beaufoy, JUssel's formula is apparently big but in actual
conditfon such torque never appears as small ships response quickly to the
motion of the rudder, so balance ratio of the rudder for small ships is
usually adopted within the range betwecen 0.24 and 0.29. Though the cal-
culated rudder torque at going astern by the formulas mentioned in 8.1.1
sometimes becomes considerably big, actually such a big torque never comes
about, therefore, when balance ratio is decided it is not necessary to
consider the rudder torque at gelng astern,

(3) Camber ratio t/c

Camber ratio cannot be very small from the structural point of view, but
the smaller the ratio is, the smaller the resistance becomes. Usually,
the value between 0,16 and 0.22 is taken as the ratio and smaller values
for large ships and larger values for mariner type rudder within the range
mentioned above. The position of the maximum thickness of the rudder
usually coincides with that of the center of rudder pintle from the struc-
tural point of view (refer to Fig. 134).

r=3.2 —
0 ~ oY o

18
|

lp/;r""":’ o e

18 18 18 18 14l u 18 18 18
c=100 a=18 ¢ =100
(1) One example of stream-lined (2) One example of the twist form

section used for the rudder, of reaction rudder.
Sizes of each part are shown Sizes of each part are shown
based on the breadth taken based on the breadth taken as 100.
as 100, afc ~0-280, t/c—0-194

ofc =0-280, !/c —0-194 ' /¢ —0-069

Note) &/A —0-035~0-050
‘Fig. 134 : :

" (4) Regulations concerning dimensions, etc. of the rudder
Some classification societies give recommendations or requirements of
their own on rudder area, rudder form etc,

(a) NV (Guidance) A, =dL {1 +25(B/L)"+/100 (u?)

i) L, B, d : Ship length, breadth and draft defined by the regula-
tions (m)

ii) The value shall be increased for the ships operated frequently in
harbors, canals and other narrow waterways.

{ii) The area of the.stream lined rudder hora and rudder post under the
horizontal level of the upper surface of the trailing edge of the rudder
may be included in the rudder area.

iv) The area of the rudder which is not just after the propeller shall
be increased at least 30% of the area calculated by the above formula.

v) In addition to the above, some recommendations are made on balance
ratio, the position of the maximum thickness of the rudder, etc.
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(b) NK
Steering specd In regulated by the rudder area and the rudder form as
follows:
For the ships having L/V of not less than 9 except passenger ships, the
"time required to put the rudder 35 degrees over to 30 degrees over may be
extended within the limit calculated by the following formula in general,

L L4 BC,
722 1—7‘-——1-‘—/(13-3—- r)l (sec)

"where,lln B, d and C; are ship length (m), breadth (m);’draft {m)

and block coefficient respectively defined by the regulations.
V = Ship speed (knot)

AM0-6+0-4D,7h)
Al - ! Y
0-45+0-675/ A (m’)

(=)
-
n

Propeller diameter (m)

Mean height of the rudder (m)
Ratio of mean height to mean breadth of the rudder

B
"

-
n

The greater value of

so(B4s )0 o tea() (5B 1 o
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9. TURNING AND MANOEUVRABILITY

9.1. Turning of Ship

9.1.1. Estimation of Turning Circle

Manoeuvrability of the ship at
the large rudder angle can be
represented by the turning
circle. Estimation of turning
circle can be made by using;
(1) Estimation chart based on
the analysis of the results
of the actual turning tests
(2) Series model test results

Further, if the test results of

similar ships are available to
refer, the turning circle of
the ship in question can be
estimated more accurately.
Definition of the words on the
turning course is shown on Fig.
135.

(1) Estimation method by

Hovgaard-Schoenherr-Takarada
This is the approximate—estima—
tion formula of turning circle
derived from the actual test
results. The steady turning
radius R is given by;

R —‘K,‘_? /{As- Cycos d)

and, puEting D,, instead of 2R,

<
- o &
——
8 g 4."/
s 3 o —
§ [ max. tactical diameter—t—-
C tactical diameter
o 5 : t
——transfer;l
. i ; %’ ﬁg’-\\
%o N
» / 150
= 3
% 30 \
@;g 180°
o @ bucx[ ﬁ
L]
ﬁ'g Y 360° RS
o &,
= h qﬂ;bj
| —— reac 7y Wy — P
N J &
330° l
2 3 170 5
\:;?Nrs__er:’E a i
: 270" | distance/L |

Fig. 135

the approximate estimation formula

of tactical diameter is given as
shown on Fig. 136,

where V = Displacement volume (
Rudder area of movable part (w2)

An
é

]

[

Rudder angle (deg)

m3)

Definitidﬁ of Words ™ ™"+

on the Turning Course

C.coss and K, = Values given by Fig. 136

Corrections due to trim and speed shall be m

ade based on Fig. 137.

Actual tactical diameter is 10 - 20% larger than the steady turning dia-

weter, and the fuller is the ship,

(2) Estimation method from the results of series model tests

The approximate steady turning diameter can be estimated by
steady turing diameter of base ship

(L/B=17-3, B/d=2-5)

the larger is the value ap: to be.
3

obtaining the

from Fig. 138

and making correction due to the effect of L/B given by Fig.

B lp. § ey -!‘;c%n;"c.'
: . § { \
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- & + .
(= &= E /f .
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Fig. 136 Estimation Chart of Turning Circle
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Fig. 138 Turning Diameter and Fig.- 139 Effect of 1/R on
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9.1.2. Advance and Tactical Diameter of Actual Ships
It is common to record the advance and the tactical diameter (refer to
Fig. 135) instead of steady turning radius in the report of sea trial
results. The maximum advance and the maximum tactical diameter of actual
ships are shown on Fig. 140 and Fig. 141 respectively.

1500 T —
\l
- o tanker lel load] 2 /
o tanker - -, . S o /
L « bulk carrier . LY By
. general cargo ship / v
| + container ship’ ballast // \
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’g . | .y s, A )y/
5 1000 [P S b ’. --%- _18_. e . - ‘_
. / . . IR s b °° 1_-‘_-" -
Q S A b ar b e,
. g - “3, LI %:ﬂ}ex ‘ /0/"
a .t Jiog)
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/ ’ angle | 35
0 100 - 200 T00 0 7T T Taoo
I tm!

Fig. 140 Maximum Advance of Actual Ships
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Fig. 141 Maximum Tactical Diameter of Actual Ships

9.1.3. Speed Reduction due to Turning
Davidson proposed the curve shown on Fig. 142 for this purpose but, actual-
ly it seems that V,/V is below this cufve in almost all cases. The speed
of the ship becomes steady after the turns about 90 degrees at ballast
condition and 180 - 270 degrees at full load condition.

1:0
=
-8
v -
A /
0-6 ’ vr- speed at steady turning
. / ¥ - speed at straight running
Dr- (('actical di)fmeter :
04 : abt. 2.2R
2 3 4 5 6 7 8 9 10
. b1y

Fig. 142 Speed Reduction due to Turning

9.1.4. Heel Homent due to Turning
Initial inward heel moment = P,(OG+4A") - {(t - m)

. v? .
Steady outward heel moment = —A—-—’{- (0G+4) (£t - m)
) g
vhere, P, = Normal force on rudder (t)
V; = Ship speed at steady turning (m/sec)
R = Steady turning radius (m)
K = Distance from waterline to the centerx of pressure of rudder (m)
A=

Distance from waterline to the center of transverse resist-
ance {(m) :
OG = Height of center of.gravity above waterline (m)
A = Displacement (t) :
The value of A/d 1s about 0.5 for general merchant ship.
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9.2. Manoeuvrability

9.2.1. Three Essential Factors for Manéebvrability

Manoeuvrability of the ship is composed of following three essential
factors. :

(1) Turning ability

This means the degree of steady turning and the greater is K ~factor, which
is the ratio of the angular velocity at steady turning and the rudder angle,
the better is the turning abllity.

(2) Response to steerage

This represents the ability of the ship as to how quickly she approaches

the steady turning motion. The smaller is T , which is the time lag be-

tween the steering motion and the turning motion of the ship, the quicker
is the response of the ship.

(3) Course stability

This is the ability of the ship as to how quickly she goes into the
straight running without operation of the rudder after turning motion
caused by the disturbance has occurred. The smaller is T , the better 1is
the course stability. Accordingly, the response and the course stability
are closely related each other and the ship which has excellent response
and course stability is easily operated during navigation.

9.2.2. Equation of Ship Motion in Steerage and Manoceuvrability Factors
The ship motion in steerage is approximately represented by the following
equation. By solving this equation, the ship motion at any rudder angle
can be roughly estimated. )

dé .
T— - K
4 + ¢ &)
where, ¢ = Turning angular velocity -
5(2) = Rudder angle {(function of time t)
K = Turning ability factor (1/sec)

T = A factor of response and course stability (sec)
(Refer to 9.2.1.)

This linear equation gives a better approximation to comparatively fine
vessels such as cargo ships, but the degree of approximation becozas low
for such full ships as tankers compared with that for cargo ships due to
the effect of non-linearity, so rha degree is usually made high by taxing
the non-linear term into account as follows,

T{¥w+¢+a$—xﬂa)
where @ is a constant representing the degree of non-linearity and is
obtained from the turning test, etc. But the following data on the fac-
tors of equation of motion are for linear equation of motion.
K ~ and T -factor vary according to hull form, rudder area and rudcer
angle. These factors can be obtained from the result of zig-zag test or
turning test (refer to 9.3). Usually, K - and T -factor are used as non-
dimensional form of K’'=K/(V/L) and T*=Tx{(V/L) , where V 1s the
approach speed or mean speed during the test.
Turning resistance by using K’ obtained from 10 degree zipg-zag test is
shown on Fig. 143 (for tankers) and Fig. 144 (for cargo ships). Gonerdally,
the larger are C./(L/RB) and I/d and the smaller s the rudder area
ratio A,/1d , the smaller becomes turning resistance. The plotted points
of actual turning resistance scatter in a wide range because it 1is affected
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by not only hull dimension ratio and rudder area ratio but also stern
frame line and arrangement around the rudder and propeller and because
soue experime-utal errors are contnined. The mean lines in Flg. 143 are
pruposed by Yamada based on the analysis results. Relations between 7
and K’ obtained from various kinds of zig-zag tests are shown on Fig. 145,
Once hull dimension ratio and rudder area ratio are settled, the approxi-
mate values of K’ and T’ can be ocbtained from Fig. 143 - Fig. 145.

On the other hand, these charts are also utilized to estimate the hull
dimension ratio and rudder area ratio to secure the turning resistance
equivalent to that of similar ships which have the results of 10 degree

zig~zag test.

x10"?
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Fig. 143 Relation among Bull Form.Rudder Area Ratio and
Turning Resistance (for Tankers).
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9.3. Test Methods of Ship Manocuvrability

9.3.1. Turning Test
1t is important to know the turning ability at the helm angle of 35 degrees

_ because it shows the maximum turning ability of the ship in an emergency.

More comprehensive data can be obtained if the tests are conducted for
normally used rudder angles of 15 degrees, 10 degrees, etc., in addition to
the above. The tests are generally carried out at the maximum continuous
output or the normal output, and also they are sometimes executed at the
lower speed with lower engine output. When the turning test at the rudder
angle of over 35 degrees are requested, it 1s usually carried out at the
maximum rudder angle.

As- to the measurement at the test, following direct or indirect method is
applied. -One method is that the course and the turning angle of the ship,
which is running around the aiming buoy thrown to the sea beforehand, are

. measured with the compass and the angle measurement boards aboard the ship

and the cthor is that the course of the ship is calculated by value in-
tegration based on the measurement result of ship speed with the pressure
log or with the small wood boards thrown to the sea. The test results are
usually shown in the form of Fig. 135 (refer to 9.1.1).

9.3.2. Zig-zag Test

(1) Zig-zag test normally applied

This is very effective to know the manoceuvrability of the ship when she is
in normal navigation. Turning angle is recorded on the time basis for the
ship operation as shown on Fig. 147. The qualitative levels of the manoeu-
vrability of the ship can be obtained by reading the turning time lag 7!
and the overpassed angle ¢:; shown on Fig. 147. The larger 7T, does the
chip have, the slower response in the steerage and worse course stability
she has. The vessel having larger ¢;/(T’8,) is better in her turning
ability. K - and T -factors (refer to 9.2.2) which show the qualitative
levels of the manosuvrability can be obtained by the method reported to
JTTC. Although typical rudder angle for this test is 10 degrees, it is
recommended to carry out the additional tests at 5 degrees, 15 degrees,
etc. Actual figures of T” and T, are shown on Fig. 148. T’ can be
approximately estimated from Fig. 145 by using T obtained from Fig. 147
and K’ can also be approximately estimated from Fig. 145 by using T- above.
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According to JITC Reports, it is said that the factors of ships with normal t
manceuvrability obtained from 10 degree zig-zag test are;
‘;(.:::55:22: For fully loaded cargo ships with average manoeuvrability
(L—-100 ~ 160m)
l;:-_-;ﬂ:sa-o For fully loaded tankers with average manoeuvrability
(L=~150~250m)

But, K’ and T for very large tankers and industrial carriers in recent
years with the length of 200 - 330 m are distributed up to 4 and 10 respec-
tively at their full load conditions, which do not seem to give serious *
problems on their operations.

(2) Modified zig-zag test :

The mwotion of the ship at the zig-zag rest mentioned above is so much ex-
aggerated compared with her course keeping motion in her normal operation

that it is not always appropriate to apply K. and T obtained by zig-zag

test to the latter. This method is developed to improve the above defect,

and the test is carried out by the same procedure as the normally applied ¥
zig-zag test except the combination of rudder angles and turning angles <
which are 10 dezrees - 1 degree or 5 degrees - 1 degree. In addition-to

the above, such method as to turn the vessel in accordance with the turn-

ing angular velocity like 10 degrees - 0.3 degrees/sec instead of turning

angle is applied (angular velocity basis zig-zag test).

9.3.3. New Course Test :
The method proposed by RR - No.2 Standard Committee is one of the repre-
sentative method. According to this method, the rudder is, at first,
ordered to be placed at an angle of 15 degrees on one side and then, it
is turned 15 degrees to the opposite side when the turning angle of the
ship rzaches 10 degrees. The test will be completed when the rudder is
restored at midship after the turning motion is weakened and the ship
become steady. Similar tests are also carried out for turning angles. of
20 degrees and 30 degrees. The ship's course in the test is shown in the
form of Fig. 149 after being obtained by the same method as described in
the turning test. Furthermore, turn-over time and new course distance at
.the steady condition at the rudder angle of 15 degrees, which are wvery
useful in actual operation of the ship, can be easily obtained by graphi-

cally showing new course angle - new course distance and new course angle
- turning angle of the ship.
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g.3.4. Spiral Test

This test is applied to the

ships having inferlor course
stability to know the degree
of their instability. The
steady angular velocities ¢
are measured for some rudder
angles and §— & curve is
obtained as shown on Fig. 150.
1t is very difficult to
operate the ship having the
unstable loop band over 20
degrees near the origin.

This test takes so long time
for large vessels that in
recent years inverse spiral ]

test in sometimes adopted 0 -
instead of the spiral test. —-0-3 —0-2 -0-1 0 +0-1 +0-2 +0-3 +0-4 +0:5 +0-6
standard ——*

larger than standard

—
[ =~ I
]

.. ]

v
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()
i3

total loop band

Cru
152! Q‘ggi-___ o° &\\\
= — ° ] \

——

" m——]

- smaller than
9.3.5. Inverse Spiral Test standard

Steering operation is continued actual rudder area
to keep constant the turning ratio (%)
angular velocity which is

standard rudder area
ratio (%)

indicated with rate gyro angu-
lar velocity meter, and the

Fig. 152 Actual Results.of

mean rudder angle for appropriate

period is graphically shown as

that in the spiral test (Fig. 151).
As ‘this test can be carried out even when the ship is within the unstable
loop band, much more data can be obtained and the loop band can be esti-
mated more accurately. The required time for this test is much reduced
compared with that for spiral test.
Fig. 152 shows the actual values of the loop band obtained from the ex-
perimental result of the inverse spiral test for the large full ships
(the standard rudder area ratio in the figure is obtained from Fig. 131).
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9.4, Data on Ship Operation

9.4.1. Sinkage of Ship during Navigation
The smaller becomes the value of (water depth)/(draft) and the faster rumns
the ship, the bigger is the sinkage of the ship during navigation. Sink-
age at the bow and change in trim for large tankers obtained both from
model tests and actual experiences are shown on Fig. 153 and Fig. 154
respectively.
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Fig. 153 Sinkage at Bow during Navigation
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Fig. 154 Change fn Trim during Navigation
(Full Load Condition)
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9.4.2. Distance and Time to Ship's Stop

Distance and time to the ship's stop are governed by the initial speed,
displacement and astern force due to the type of main engine, and atten-
tion shall also be given to the effect of time from the order of astem
to engine stop and/or to the start of engine reversing. The actual re-
sults of distance and time in crash stop astern are shown on Fig. 155 and

Fig. 156 respectively.
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Fig. 155 Actual Results of Time in Crash Stpb Astern
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Fig. 156 Actual Results of Distance in Crash Stop Astern
9.5. Bow Thruster

Bow thrusters are mainly ins¥alled on passenger ships, ferries, and
various kinds of working boats to improve their steering ability at low

speed.

Some examples of bow thrusters installed aboard the ship are

shown on Fig. 157, and approximate values of propeller diameter, statical
thrust and power can be obtained from Fig. 158.
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Fig. 157 Examples

of Bow Thrusters Installed Aboard
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Fig. 158 Relation between Power and Thrust of Bow Thrusters

Hawkins' method is one of the representative ones to derermine ‘the power
of the bow thruster. Fig. 159 shows the turning angular velocity ¢ of
the ship with a certain displacement based on the actual experiences.
At first, suitable ¢ corresponding to the displacement of the ship in

_question is decided so as to be placed within the belt zone. Next, the

location of the bow thruster is decided to be placed as forward as pos-
sible. Finally, required thrust T is calculated from the formula shown
on Fig. 160 by putting coefficient M in Fig. 160 and ¢ above. Approxi-
mate required power can be obtained from Fig. 161 by assuming the duct

area, that is, required power is given on the abscissa of the point where

the straight liune of T/A and belt zone meet. '
Some reports on the model tests, model test results and determination
methods of power are now available to refer in addition to the above.

Bow Thruster (1) : Bow Thruster (2)
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10. BASIC DESICN

10.1. Items Necessary for Basic Design'

(1) Basic items

Following items are indfspensable for ship's basic design and are given by
the customers in general; .

Kind of ship, type of ship, deadweight, grade and numbers of passengers,
kind of main engine, service speed.

(2) Additional items

Following items do not influence the principal dimensions, etc. so much as
basic items, but these informations give the designers considerable advan-’
tages in clarifying the features of the ships which the customer wants to
have.

Shipowner, nationality of the ship, liner or tramper, navigating route,
navigating area, class of the ship, classification societies, the notation
of the classification society, applied rules, gross tonnage,.

Limitation for length, breadth, draft, etc., narrow waters in the routes,
special features of wharves and ports.

Trial speed, cruising days without refueling, endurance.

Kind of cargoes, hold volume, numbers of decks, sizes and numbers of hatches.
Cargo gear, other miscellaneous outfits, contents of special equipment.
Complement.

Output of main engine, ratio of maximum continuous output and normal output
and sea margin, numbers of propellers, location of engine room, fuel oil

to be used, required quantity of fresh water and fuel oil.

Other specfal requirements.

10.2. Lightweight (LW) and Deadweight (DW)

(1) Lightweight (LW)

Lightweight is the weight of the ship at the completed condition of all
-works, after all the fittings, equipment and machinery are installed on
board, that is, the total weight of hull steel, fittings and equipment
and machinery (refer to 10.6.1). '

Spares required by the rules are included in LW, but those in excess of
and not required by the rules, inventories such as tablewares, blankets
and daily necessaries are included in DW.

In the removable devices such as grain shifting board, fittings fixed to
the hull such as sockets and ring plate are included in LW, whereas re-
movable fittings such as pillars and divisional walls are included in DW,
Cooling fresh water and sea water, boiler water and lubricating oil in
main engines, boilers, auxiliary machinery (for example, electric genera-
tors and prime movers, etc.) for propulsion of the ship and pipe lines
which are directly connected to the above machinery are included in LW,
but fresh water, sea water and lubricating oil used for other purposes
than the above and all fuel oil are included in DW.

{(2) Deadweight

The deadweight is the ‘difference between the displacement of the ship at
* the assigned summer draft and the lightweight (refer to 1.3).
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10.3. Data for Initial Design

10.3.1. pata for Determinatlion. of Principal Dimensions (Fig. 162 -~ 183)
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10.4. Data for Making Lines (Fig. 184 - 191, Table 93)

(1) Form of waterplane at fully loaded condition

Entrance angle and location and length of parallel part of the ship are
shown on Fig. 184 - 186 for tankers with bulbous bow (hull form SR 98%1)
and cargo ships (series 57 *2 and series 60*3).

(2) Prismatic curve

Cro. and C,, are shown on Fig. 187 (a) and (b) when C, and |, are given.
The curves for SR 98 are given for tankers with block coefficlent around
0.8 and bulb ratio (A,,/Ap) of 10%, and those for SR 45*% are given for
cargo ships with block coefficient around 0.625 and raked stem.

{(3) Bulbous bow

Bulbous bows with various features are now put into practice.

Some examples of bulbous bows are shown on Fig. 189 (a), (b) and (c)*5
where B-1 Lype of B type series, R-1 typc of R type series and C type zre
depicted.

Original bow form of SR 98 is shown on Fig. 190.

Note) *1 SR 98, Report of studies No. 61 (1967)
. *2 F.H. Todd, Trans. SKAME, 59 (1951), 642
*3 F,H. Todd, Trans, SKAME, 61 (1953), 516
*4 SR 45, Report of studies No. 45 (1964)
*5 R.B., Couch, Trans. SNAME, 74 (1966), 392
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(4) Data for making midship section (Fig. 191)
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{5) Clearance between hull and propellers {Table 93)
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Table 93 Clearance between Hull and Propellers
a/ ) B/ D y/ D §/D
Target (from _ _ _
experiences) 0.15 - 0.20| 0.25 - 0.30 | 0.20 - 0.30 | 0.05 -~ 0.12
3 bladed [(0-12, t/D}| (1-8 k,0-10) | (1-2k, 0-10) 0.03
4 bladed " (1-5 4,,0-10) | (1-0 k,, 0-10) "
IR | 5 b1aded " (1-275 k.. 0-15) | (0-85 k., 0-10) "
6 bladed " (1125 k,,0-15) | {0-75 k,, 0-10) "
s NV 0.1 0-35—0-02 Z 0-24—0-01 Z 0.035
§ 3 bladed |(0-12, t/D)| (1-20 F, 0-15) | (0-80 F. 0-1) 0.03
e 4 bladed " (0-97 F. 0-15) | (0-65 F, 0-1) "
o0 BV " (1]
g 5 bladed (0-825 F, 0-15)| (0-55 F, 0-1)
w
6 bladed " (0-75 F, 0-15)| (0-50 F, 0-1) "
Institute de
Recherches 0.06 - 0.10| 0.15 - 0.17 0.07 0.04
NPL 0.08 - 0.15 0.20 0.08 - 0.10 | 0.02 - 0.03
NSMB 0.08 - 0.12] 0.15 - 0.20 | 0.10 - 0.12 0.03
Van Lammeren 0.056 C.134 0.082 ¢.025

Twin screws

Tip-hull clearance

Clearance between
propeller and shaft

bracket or bossing

3 bladed | From O-éD upto 12 k,D From 0-15 D vuvpto 1.2 kD
4 bladed | From 0-2pD upto 1:04,D From 0-15 D upto 1.0 kD
LR '
5 bladed | From (-16 D upto 0-85 &,D From 0-15 D upto 0-85 k,D
6 bladed From 0-16 D upto 0-75 k,D From 0-15 D upto 0-75 kD
NV (0:30—0:012Z) D -_—
3 bladed {0-80 FD. 0-2v D) (tip clearance, 0-15 D)
4 bladed (0-65 FD. 0-20 D) "
B .
V'l 5 bladed (0-55 FD. 0-16 D) "
16 bladed (0-50 FD. 0-16 D) "

Note) As for the numerals in |
shall be adopted.
LR (1974}, NV (1974), Bv (1973)

], the value whichever is the greater
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k,— (0.1+L/3050)(2-56C, SHP/L’+0-3)

MR~ (0-14+L/3050)(1-28C, SHP/L'+0-3)

where SHP = Designed maximum
shaft horsepower
(total horsepower
for twin screws)

¢ = Maximum thickness of the t— —— -
rudder at 0.7R of the
propeller above shaft
center line

NV; Z = Numbers of propeller blades
Radius at after end of
the hull water line and
angle ¢ forward of the
propeller shall be as’
small as possible.

BV; F— (C, SHP)¥?/(10L)

where, SHP = Designed maximum horsepower on each shaft.

t = Maximum thickness of the rudder
L = Length of the ship {m)
C, = Block coefficient at full load draft, 7

10.5. Data for Determination of Arrangement
(1) Volume of chain locker (Cylindrical type) (refer to Fig. 193)

‘n= 8d

s %25d ~30d
D =26d ~32d S g
h&1-1{0-92X107* 1d")/(nDY4) —

.where, d = Diameter of anchor chain . (mm) 1
! = Length of chain stowed (m) 5
D= Diameter of chain locker (m) '
A= Height of chain in the chain =N ;
locker at stowed condition (m) = foost :
(2) Volume of refrigerated provision chamber E ) E‘ A
Apgtoximate standard of virtual volume pe—D— > ;
{m2/person/day) is shown in the following - E i
table. ({(Refer to Chapter V, 18.1) E s :
. it —
Unit: m3/person/day _grating b . A 4
Large tankers Other ships
Japanese| European| Japanese| European
Meat room{ 0.010 | 0.020 0.003 | 0.006
Fish roomj 0.010 | 0.00G3 0.003 0.001
Vegetable; 0.023 ] 0.023 0.010 | 0.010 Fig. 193 Chain Locker
room
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(3) Volume of CO2 bottle room

The required floor area for one CO2 bottle (cylindrical type) centaining
45 kg (100 1lbs.) 1s 0.28 -~ 0.36 sq.m although 1t varies according to the
shape of the room. Imr case three units of bottles centioned above, each
of which is composed of ten bottles in one longitudinal row arranged
transversely, the required floor area becomes 4 m in length by 1.2 m in
width, and a passage over 60 cm in width is additionally required around
the bottles for their maintenance.

(4) Stowage space of cars
Stowage space, location and arrangement of cars are decided taking the
following constraints and/or conditions into consideration.

i) Constraints on arrangement such as
. Space for lashing work of cars
. Fastening device of cars (chains and other special equipment)
- Ventilation trunks
. Access and traffic system in hold (stairways, ladders, hatches
and passages for inspection of cars)
. Pipings and accessories in hold
. Hanging device of liftable car deck (linkage and wire)
. Bull structural mecbers {(deck beams, side frames, pillars, etc.)
- Rampways in hold
« Entrance and exit of elevator
- Opening and closing direction of bulkhead doors

i1) Procedure of loading/unloading cars
iii) Orbit of cars driven

iv) Strength of deck against bounding of the car caused by ship's motion
and weight of cars '

v) Deflection of car deck.

(a) Stowage space
Following clearances are usually tesken.

Top clearance about 100 mm

Clearance between side to side of cars or
clearance between side of cars and side frame
of the ship about 100 mm

Fore-and-aft clearance of cars or clearance
between fore or aft of cars and transverse
bulkhead or obstacles ) about 300 mm

(b) Passages in hold
At least one passage over 300 mm in width is arrangad in longitudinal
direction of the ship for inspection in hold during navigation. The floor
area per medium-sized Japanese make car is increased by 20 - 30%Z of calcu-
Jated floor area based on the above clearazces because of the various
constraints as mentioned before. Apart frca the above, following passages
shall be arranged in vehicle area of car ferries (structural standard of
car ferries)

In longitudinal Passages over 60 cm in width on both sides of rows

direction of ship of cars :

In transverse One passage over 1,000 mm in width according to the

direction of ship length of the vehicle area, except bow and stern
part. .
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The arrangement of cars are usually studled taking into account the fore-
and-aft clearance between cars to be about 60 em,

10.6. Weight

10.6.1. Category of Weight
Lightweight is usually divided into three categories for convenience stand-
point, that is, hull steel weight W. , fitting weight W, and weight of
machinery part W, . Therefore, LW becomes

LW =W+ W,+Wa

(1) Hull steel weight

Hull steel weight is the total weight of steel material for bottom struc-
ture, side structure, decks, superstructure, machinery casing, bulkheads
shaft tunnel, deep tanks, pillars, foundations, bow and stern structure,
rudder, etc., rivets, welding deposits and forgings and castings.

{(2) Fitring weight

Fitting weight is the total weight of steering system, anchoring and moor-
ing system, mast and cargo handling system, access and traffic system,
doors, scuttles and skylights, awnings, rails, covers, life-saving appli-
ances, navigational equipment, riggings, tackles, inventories, accessories,
pumping system, fire extinguishing apparatus, natural ventilation, mechani-
cal ventilation and air conditioning system, refrigerating system, insula-
tion system, noise protection and anti-vibration system, accommodation,
deck covering, inert gas system, cell guide for containers, fire-proof
system, deratting equipment, painting,ceiling and sparring in hold, deck-
machinery, etc.

(3) Weight of machinery part

Weight of machinery part is the total weight of main engine, boilers, con-
densers, shaftings, propellers, stacks and funnels, auxiliary machinery,
electrical equipment, tanks in engine room, inventories of machinery part,
air reservoirs, silencers, pipings in engine room, access and traffic
system, insulations, control -room equipment, air ducts, spares required by
the rules, oil and water of machinery part, etc.

10.6.2. Hull Steel Weight W, = W,.-+tW,

(1) Estimation by principal dimencicas

(a) Main hull steel weight (excluding superstructures and deck houses)
WB [ ]

i) W,,~C,.L{B+D) where, C,= A factor shown on Fig. 194

ii) w,,~ CJLBD/100 where, C,’ = A factor shown on Fig. 195
{for tankers only)

iiij Hull steel weight of cargo oil tank and/or cargo hold part
H=C. ItBD/ 100
Hull steel weight of fore and aft part

“;'“7(15L "0
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ot

where, I = Length of cargo oil tank and/or cargo hold part, (m)
C.,"*= A factor shown on Fig. 196
a = A factor shown on Fig. 197

- accordingly, main hull steel welight becomes

Wae—= W, 4+ W,
(b) Steel weight of superstruétures and deck houses

i) Steel weight of forecastle deck (Fig. 198)
11) Steel weight of poop deck, deck houses etc. (Fig. 199)

{2) Hull steel weight calculated from midship section plan
W._. - CW@ L

where, Wy = Weight per unit length amidships calculated from midship
section plan

C = A factor obtained from a similar ship

The hull steel weight is estimated from the calculated hull steel weight
mentioned above, by adding some corrections due te arrangement (numbers of.
decks, etc.), kind of machinery, classification societies, owner's require-
ments, etc., where necessary. And also the hull steel weight is increased
by 1 - 3% of the calculated weight, considering the mill tolerance of the
steel plates, when the calculation is done by summing up the weight of all
the plates and members of the steel structure based on the working plan.

10.6.3. Fitting Weight
where, €, = A factor shown on Fig. 200

As the fitting weight varies greatly according to the differences of the
specifications, it is necessary that the weight is estimated from a
similar ship or by detailed calculation of all the systems.

10.6.4. Weight of Machinery Part
W-_C- SHP (Or BHP)
where, Ca = A factor shown con Fig. 201

10.6.5. Weight of Each Item (Fittings and Deck Machinery)

(1) Deck machinery

(a) Windlass (Fig. 202)

(b) Mooring winch (Fig. 203)

(c) Cargo winch (Fig. 204)

(d) Steering gear (Fig. 205)

(e) Refrigerator (Fig. 2086)

(f) Others

1) Boat winch, electric motor driven (5 - 7 PS) approx. 700 kg
ii) Accommodation ladder winch, electric motor driven (5 PS)

approx. 500 kg

(2) Cargo gear

(a) Mast and derrick post (Fig. 207)
(b) Derrick boom (Fig. 208)
(¢) Cargo oil piping system (Fig. 209)
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Fig: 201) Weight of Machinery Part W.
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(3) Pumping system (Fig. 210)
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(4) Refrigerated provision chawber (Fig. 211)
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(5) Accommodation (Fig. 212)
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Fig. 212 Weight Concerning Accommodation

(Wooden Divisional Walls, Lining,
furnitures, inventories, etc. in
the cabins, public rooms and offices)

(6) Hatch covers
{(a) Hatch board

About 48.3 kg/m? for Japanese cypress with 75 mm in thickness.

(b} Hatch beam
About 72 kg/mZ for hatch area .
About 112 kg/m for total length of beams.

(c) Steel hatch cover (Refer to CHAPTER V, 5.2.4)

{(7) Linings in hold

(a) Weight of ceiling (t)%0:037 x length of held (m) x B (=)

(b) Weight of sparring (t)%0-023 x length of held (m) x D (=)
8
(In case of sparring being horizontally lined)
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(8) Deck covering (Table 94)

Table 94 Weight of Deck .Covering

Items Location Type W21ght/gmlt.Thickness Note
. kg/m mm
Wooden deck 0.5 50 - 65 |Oreson
pine
Ordinary type 1.8 - 2.1 6 - 10
Exposed Saidvich 0.8
part Heat-proof i 30 - 38
Latex type type Mixed At the
deck e |1.10-1.52 finished
composition yP condition
Ordinary type 1.4 - 2.35 7~ 9
Enclosed Sa“tyd;’i‘:h 0.46 -0.86
t Heat- f '
par t;:e proo 30 - 40
Mixed 13 1. 1.49
type :
Magresia Enclosed
type deck 0.96 12 - 22
L part
composition
Cement 1.8 - 2.4 25 - 50
* mean
weight of
' % tile on
Tile 1.8- 2.3 5 cement
with 50
. mm in
thickness
(9) Paint

{(a) Weight of paint adhered to the hull
For the first under coat 0.305 - 0.205 kg/m?, mean 0.25 kg/m2
For the second coat and later, the weight for one coat becomes tc about
2/3 of that of the first coat.

{b) Weight of paint for one ship
Required quantity (Invoice weight) for one ship is shown on Fig. 213.
The welght which 1s included in LW becomes 40% of required quantity taking

follcowing conditions into account.

1) Quantity spilled or attached to the cans 10%
i1i) Touch-up 10%
i1i) Decrease of weight by drying 50%
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(10) Cenent and tile (Fig. 214)

(11) Solid ballast (Table 95)

Table 95 Solid Ballast

Virtual specific

Kind of ballast i Note
gravity
Concrete 2.2 - 2.4 When laid entirely in the
space
Copper 2.0 - 2.7 Brick size, specific
sediments ) ) gravity of 3.45
Cutting scraps _
of steel plate 2'? 5.8
Liquid ballast 2.0

Note) Above ballact are supposed to be loaded in the narrow space
such as double bottom.
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10.7. Class of Ships, Navigation Arcas, etc. according to Japanesc
Government Rules

(1) Class of Ship (Table 96)
(Article 1 of the Rules for Life Saving Appliances of Ships, Article 1
Clause 2 of the Enforcement Regulation of the Ship Safety Law, Article
47 of the Special Rules for Fishing Vessels)
Definition of passenger ship  Article 4, clause 1, paragraph 1 of the
Ship Safety Law

£

Definition of fishing boat Article 1, clause 2 of the Enforcement
: Regulation of the Ship Safety Law
Definition of small ships Article 304, clause 1 of the Ship Provision
Rules
Definition of tanker Article 1, clause 7 of “the Rules for Life
- Saving Appliances of Ships
Definition of car ferry Annex 3, 1-1 of volume 1 of the Guideline

for Ship Tnepection

‘Teble 96 Class of Ships

el el ol ala <
Class = =0 = = = =
w wn w [75] (7] w ‘:-U
—~ o~ ™ ~r vy E — o
@ 3
elalelalals]ss
Vovage, ete. S SIS S 8158
Vessel vlo|lov]jo|o]ek]|ox
Passenger|lnternational voyage O
Ship Non-international voyage e
Ron- Inter- 1500GT and above O
passenger|national
Ship(excl|voyage Less than 500GT O
Fishin
Boat) & Non-international voyage O
Fishery |International voyage O
boat Non-international voyage @)
Factory jInter- |s500GT and above O
ship national .
(Whale |voyage |Less than 500GT o |
mother _
ship,etc)| Non-international voyage O
Fishing ?
Boat - Fishe Inter- |s5006T and above : O
™ lnational
trans- voyage |less than 500GT O |
port
ship Non-international voyage O
Fishery |Inter- |s50GT and above O , |
rescarch|national '
patrol |voyage |Less than 500GT @)
boat,
etc. Non-international voyage -0
Small Boat : O
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(2) Navigation area

(Article 1, Clause 5-8 of the Enforcement Regulatican of the Ship

Safety Law)

Smooth water area

Limited coasting area

Coasting area

Major coasting area
Ocean going area

(3) Kind of navigation

(Article 1, Clause 1 of
Law) (Article 1, Clause

Ships)
International voyage

Short international
voyage

Long internmational
voyage

Non-international voyage

10.8.

Lakes, rivers, ports and special area
regulated by the rule

Limited area where the ship can make a

round trip in two hours at her max. speed
from the Inland Sea of Seto or smooth water
area

Special area regulated by the rule (in
principle, the area within 20 sea miles from
the shore line)

Area surrounded by 175° E. Long., 11° S. Lat.,
94° E. Long. and 63° N. Lat.

All water area

the Enforcement Regulation of the Ship Safety
6 of the Rules for Life Saving Appliances of

Voyage between one country and other countries

International wvoyage in the course of which a
ship is not more than 200 riles from a port or
place in which passengers and crew could be
placed in safety, and which does not exceed
600 miles in length between the last port of
call in the country in which the voyage beégins
and the final port of destination.

International voyage other than short inter-
national voyage.

Voyage other than international voyage.

Definition of Ship'’s Length, Breadth and Depth

(1) Identification/registered length, brezdth and depth

(a) Length
Length is the horizontal
distance between fore
end and aft end shown
in Table 97. (Fig. 215)

(b) Breadth
(Table 98, Fig. 216)

(c) Depth
(Table 99, Fig. 216)

(2) Abstract of regula-
tions of classifica-
tion socleteis (1974)
(Table 100)

ion length (International Regu-
Tonnage Mezsurement of Shlps)

didentificzt
Jdation for

—registeres/identification length (D.0.T.
rezistered length (Japan)

,iregis tered lenzth (U.S.)

—rudler stock

Fig. 215
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Table 97

Length

After End

Length Fore End Application
With Rudder Postlwithout Rudder Post
The fore side of | The axis of the rudder stock on the
Frecboard the stem on the | waterline at 85X of the least molded | LLC 1966

Jength {L,)

waterline at 8S5%
of the least
wolded depth

depth, or the afrer end of 961 of
total length on that waterline,
whichever the greater is taken

Japanese Load Line
Rules

Length by
subdivision
loadline

The fore side of
sten at the
deepest sub-
division load-
line

After end of the lengih at the
deepent subdivision loadline

SOLAS 1960 (Chapter II,
Construction)

Japanese Ship Sub-
division Rules

Registered
length
{(Japan)

The fore side of
the stem at the

top of the upper
deck becam

The after end of
the rudder post
or its extension
through the top
of upper deck
beam

The center of the
rudder stock or
its extension
through the top
of upper deck
beam

Ship Law
Detalled Enforczzcut
Regulation of the
Ship Law
Laws of Tonnage
Measurement of Ships
Regulations of Tonnage
Measurement of Ships
Ship Safety Law
Enforcement Regulation
of the Ship Safety Law
Ship Provision Rules
Rules for Life Saving
Appliance of Ships

H
Identification/,

registered
length (D.O.T.)

The upper most
fore end of the
's:em

The after side
of the top of
the rudder post

The fore side of
the rudder stock

Registered
length
(v.s.)

I

The fore end of
lzp of outer
plating on
tonnage deck

The after side
of the rudder
post or its
extension
through tonnage
deck )

The fore side of
the rudder stock
or its extension
through toanage
deck

Identification
length
{Intermaticnal
Regulation for
Tonnage
Measurement

of Ships)

‘ite upper most
fore end of the
sten

t
1
i
t
{

The after side
of the top of
the rudder post

The fore side of

the rudder stock

or its extension

through the upper
most deck

SOLAS 1960
{Excluding Chapter II,
Construction)

Length by
International
Convention

on Tonnage
Measurement
of Ships,
1969

L)

i

iThe fore side of
the stem on the

waterline at 85%
ief the least

‘= 1ded depth

The axis of the rudder stock on the

waterline at 85X of the least molded

depth or the after end of 96X of
total length on that waterline,
whichever the greater is taken.
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Table 98 Breadth

Breadth

Pefinition Applicatien
Maximum horizontal dis-
Freeboard tance measured from LLC 1966
breadth outside of frame to Japanese Load Line Rules
outside of frame at the
midst of L/
The extreme width from
Breadth by outside of frame to SOLAS 1960 (Chapter II,
subdivision outside of frame at or Construction)
loadline below the deepest sub- Japanese Ship Subdivision Rules
division loadline
Ship Law
Detailed Enforcement Regulatien
of the Ship law
Law of Tonnage Measurement
Registered The horizontal distance of Ships
breadth from outside of frame Regulation of Tonnage Measure-
to outside of frame at ment of Ships :

(Japan)

the widest part of the
hull

Ship Safety Law

Enforcement Regulation of the
Ship Safety Law

Ship Provision Rules

Rules for Life Saving Appliance

of Ships

Registered or
identification
breadth
(D.0.T., U.S5.,
International
Regulacion for
Tonnage
Measurement

of Ships)

The extreme horizontal
distance from the out-
board face of the outer
skin on one side to the
same point opposite,
taxen at or below the
,upper deck. (Lap of outer
iplating is included, but
;the thickness of the

- feader is not included.)

Breadth by
International
Convention

on Tonnage
Measurement
of Ships,
1969

|

'Maximum molded breadth
yat the midst of the
length
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{1

Bl:

B2:

Di:

D2:

D3:

D4

D3 B2

| D1[D2 I

D4

—r o=

Registered/identification breadth

(U.S., D.0.T., International Regulation for
Tonnage Measurement of Ships)

Registered breadth (Japan)

Registered depth (U.S.)
(at the midst of tonnage deck)

Registered depth (D.0.T.)
(at the midst of registered length)

Identification depth (International Regulation
for Tonnage Measurement of Ships)
(at the midst of identification length)

Registered depth {Japan)
(at the midst of registered length)

As for the registered depth (U.S., D.0.T.},
thickness of bottom ceiling shall be disregarded.
{(Joists of bottom ceiling is included in the
depth.)

Fig. 216
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Table 100 Det?d@132 ofDEPth. p and c.

Classi- |~ ~|Meéasurement | | ==

catdon Poltkt along LR g AB NV
Ki%‘ic&éﬁwth the Ship Lpwest Point Uppermost Point Nolte

Lepgth Lo L,. or 962 of
For the ship with cruisk Lbewrrwhichever
board (¢ ®te é hould be Top of freeboard is the greater.
Free Oard L © l'm q,i llL T'_)p of keel deck beam Plus Len,gth used for
depth L(Df vhichevJetthes fXegreatek. L should nptibe esbckbans§6%pf Liw :':::zit‘:ﬁ“:af)
Length |dsod fdr longitu- but need nof 2 973 of Lim ne !
ainal dcpgngsa (L) j tHfe EEVAES g should be L
should b E mentioned plate at Shlp above-mentiored,
above 4r 977 Of L . side but need not be
witttheger—ts—the—tesss over 97% of L.w
Registere Middle of Top of upper
depth } i Td i
P Horizodth} 18R Bd&~ frdfPp of keel [deck beam at
(Japan) the outstidead Dengthle ship side
B to theloytside of the Maximum mu;ded breadth
. Yame § idast pap .
Registered £ the ﬁaﬁf GF P*'Tqp of inner Under side of In case the
Identification | the regis— |hdrtom plate | the-t :
 depth Vertic 1teredmce at |of the floor |or thaVenﬂeabﬂiSt
(D-0-1.) 1ot o} BefE L0 057 | ag che ics e*‘ﬁﬁﬁ% {fis
freebojrd deck beap. Ifgnterline the CEphe h'n on
cases yhere watertight |0f the ship of th EbGJ’tilpdeck b i g .12 JGertical dis-
botkhrepds—extend—te—s . cases where siarer— tance at ship
deck apove the freeboatdd, of inner | Under Lighd gvflk.‘\e ‘ﬁleﬁ' ?ile from the
25 g
Registereddeck andrpagreeigtered tdn tend to abgve P Sf the keel
desth as efffg ti‘ive anesﬁsft bcs%&ﬁiigaééa rggle t)wy‘ea%?eéi%gg ggom Egltlén&der
U.s should| 12 Ge 2608 x;hto lor ]tﬁofhe QFtheaddnge okgidderefit fedde pestring-
(U. Jp that bug&eske:esﬁ.u— &t tthihe top of [thes exatersfieative ofeesth heEdidage of the
depth | tixgeusidckor | cquerarPésnte congleha optfechpsl be H8hoyd? i rest
strength of the ship of deHe ship of thi’eg e that by u.adzj catinuous de:zk
should| be the vertical - P 4P . ddp B t the middle
distanke up to the supfr- (D, T used 1T the of—

. structire deck when it Tdp of ton- strength of tigeghérgred
Registeredis regablicddie sefengthndge deck at |Under s!@édo‘ﬁ thﬂh‘@fgﬁ't as well
height i;ckéztﬂm!&mgthm the center- |the uf ‘;cel gistered

e a e ; op, of t ek
(u.s.) tPAERLo - |1 ne of the | comple rtg é{%g k.At agz xghall be
nage decgk ship (Top of | the cdnterline Anch1 ed-for
wdoden pldhk | of th{: ship Lthe ship with 4
for the LBd Bd3 Gockd andl 025 LB
2. C ip;
v géghggg'lﬁ; fully ore.

. Toaded dratr pr T Shoud—oyr—be E5—strovld not
Ideniification Tapodds thehichpbthrdes |dhiden 3€ss than be taken less
depth Middle of |injtée dwsetein Cithe uffe$2deck than 0.50.
(Intexz;n,a'atlonal th nti- pl%ess ‘éi‘ Fb&(, t3°Phd center-

Regulation ficdtTon fU40% atwd p.e line qf the
for Tonnage length cenge;ﬂma be |tship
Measurement of| Ihadedipughl. C,
of Ships) shduld be (C,$0-75)/2
wvhen actual €, is
Depth b\'?" . e less than 0.735.
In LQbEar fonal (- pistance from ghe fore side of fhe stem to the afier side of the rudder post
Convention on | Midthkecenter ¢fTghe gpddsfegtodkppddbe Sugpey, doad paterline, LR  regards
Tounage the rrdd ? org of the open typ r_:' 1 like magire- e stern as rudder post.
vMeasurement Liw |»Waterlin l:leng h of the ship at [the sumbEF 4o the line.
£ . V |~ Molded displacdment volume at tHedduriRRiPlchddRteridne. _
of Ships, 4. |~ Molded displacgment in sea watef§ (specific gravity = Y.225) at the summer load
1969 waterline (t), ) .
2, Definbitions of lengeh| hreadth and depth by the Japanese Re Llation of Hull Structure

of Steel Ships fnllw those of NK, except the length for longitudinal strength and
the depth for strength, and also freeboard deck beam in

deck beam.

111 fl¥sy 2
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Teble 100 Definition of L. B . p and (.
Clawui-"] 7 T
fication NK LR AR NV
Soclety
L" er 1-" or 962 of
For the ship with cruis- Liw. , whichever
er stern, L should be is the grearer.
Ls,e or 96X of L,.. Length used for
L - |whichever is the greater. L should not be less than 96I of L,.s longitudinal
Length used for longitu- but ceed not be greater than 972 of Lie strength (L.)
dinal strength (L,) . should be L
should be L mentioned above-mentioned,
above or 97% of L. , but need not be
vhichever is the less. over 97% of Lim
Horizontal distance from
the outside of the frame
B to the outside of the Maximun moided breadth
frame at the widest part
of the hull,
Vertical distance at Vertical distance at
ship side from the top ship side frox the
of keel to the top of molded base line to
freeboard deck beam., In the top of the free-
cases where watertight board deck beam. In {Vertical dis-
bulkheads extend to a cases where water- tance at ship
deck above the freeboard tight bulkheads ex- |[side from the
deck and are registered (Vertical distance tend to a8 deck above |top of the keel
as effective ones, D at ship side from the freeboard deck to the under
should be measured to the top of the keel | and are registered side of string-
D that bulkhead deck. The |[to the top of the’ as effective ones, er place of the
depth (0,} used for uppermcst complete D chould be measur~ |uppermost
strength of the ship deck. ed to that bulkhead |coatinuoue declh
should be the vertical deck. The depth at the middle
distance up to the super- {D,) used for the of L
structure deck when it streagth of the ship
is’ regarded as strength _ should be the verti-
deck, otherwise up to cal distance from
the freeboard deck. the top of the keel
to the streagth deck.
v . S A Y - TR
LBd Li..Bd 1-025 LBd
For cargo ship;
d should be fully
loaded draft or C., Should not be C. should not
0-045 ;. whichever 1is | taken less than be taken less
the greater. C, 0.62. than 0.50.
c. v should not be taken
LBd less than 0.60.
For tanker;
d should be fully
loaded draught. C,
shduld be{C,+0-75)/2
when actual C, is
less than 0.75.
Note) 1. L, =Distance from the fore side of the stem to the afzer side of the rudder post

or the center of the rudder stock at the summer load waterline,

LR regards

the rudder horn of the open type ship like marirer type stern as rudder post.

Lie: »Waterline length of the ship at the summer load wvatarline,
Vv =Molded displacement volurz at the summer load waterline.

4 = Molded displacement in sea water (speclfic gravity =~ 1.925) at the summer load

wvaterline (t).

2, Definitions of length, breadth and depth by the Japanese Regulation of Hull Structure
of Steel Ships follow those of KX, except the length for longitudinal strength and

the depth for strength, and also freeboard de

deck beam,

IIT - 253
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10.9. Restrictions by Length and Gross Tonnage

" (1) Reatrictions by length (Japanese ships, (Table 101)

Table 101 Restrictions by Length (Japanese Ships}

Rule (Article) Item L 50 100 150 Note
5. vl Il A 1 1 SR A | - A e A 'l 1 'y A 1 e
getailei Enf;rc:nent ;temi ;O be hi La 20 {Name or usapas of rooms which are deducted from gross
egulaction ol the enotec on ahip r'ltonnage te be denoted where they can be seen easily,)
Ship Law (44)
Terunee Vessorement | the rute | & 20_(Regulations of Tonnage Measurement of Shipa) of Tannage Hessurenent
. TV h
of Ships (1) (Simplified Regulations of Tonnage Measurement of Ships) of Ships (1)
( 1) | Loadline mark - L 24 Ships for coasting and wider service
. L- L
Ship Safety lLaw Ships for greater coasting and wider service
{ 6) | Suparviaion and e ? (Superviafon during conatruction)
Inupactian ' (anunlary fnupuction acceptable)
Ship Stability Application of . -
Rules ( 1) | the rule Le %9 Non-passenger ships for coasting and wider service
) (134) | Pover-driven 60 (Installation of power-driven steering gear) Refer to Chapter V, 1.
steering gear Lx ;
Ship {137/2) | Location of L 65 (Arrangement of steerine pear (located afr)
Provisfion steering gear i in enclosed space
Rules {Tab.9) | Ship light and . 19 8 (Provision of lst class mast and side lipht) Refer to Chapter V, 8,
red light (Red light not required, one additional for tug)
{143) | Gong Lo 106,75 (Provision of one gong)
!
(70) | No, of life dbuoy
Rules for for class 4 ships La (2) 30 C)) Refer to Chapter V, 7.
Life Saving (74) | No. of self- ) e 30 (Two self-igniting lights and one self-activating
Appliances of igniting lighes ) t_ i  smoke signal)
Ships and self-activat- {One self-igniting light) -
ing smoke sipgnal
for class 4 ships
{82) | Electric alarms L 47.5(Electric alarm system in addition to
for class 3 ships N emergency alarm system)
Ship Subdivision Arrangement for Lo 50 61 76 (Installation of complete double bottom)
Rules (65) | double bottom {Fore hold space)i!  (Fore and aft hold spaces)
NN Rules Ler . 100 (Inscallacion of complete
Part C 6.1.1 " ! __double bottom)
Law for ( 2) { No., of mast lights| fa €3] 43.75 {2} Table 9 of Ship Provi-
Preventing (11) | No. of anchor Lo (1) | (2) sion Rules
Collisions at Sea lights
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Ruls (Article) ltem L 50 100 150 Note"
L ! i L L. A i 1 1 L A - i A A L
( 5) | Applicarion of |, 24 Refer to Chapter 111, 2,
the convention i .
(15) (16) | Load on hateh |4 24 (Gradually reduced) 100 {Constant)
cover P ! ’
{Flooding inte machinery
‘ space to be calculated as well)
: (27) |Requirements onj |For type "A" ship (One compartment flooding 130 225
: flooding calcu-| ™" {For type "B" ship with other than the machinery spnc'e)j I '
lation assigned freeboard less 100 225
LLC 1966 than that in Table B, ’ I .
(27)(28) [Range of free- L 24 (Correction table for wooden hatch) 200
board table of 24 (Table A and Table B A 365 .
P
(29) | Corrdction for |4 -
. length 2|4 - 3'%0
' " (40) |Winter north le .
e atlantic free~ 24 100
board i M
Note) s = Freeboard length Ls = Registered length

tes = Length on waterline

-———-E Lesa than

—=—+ Not more than

Les = Overall length

Jo———Not less than

:--——— More than R
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(2) Restrictions by gross tonnage (Japanese ships) (Table 102)

Table 102 Restrictions by Gross Tonnage (Japanese Ships)

Rules (Article) Item 5 10 20 S50 100 150 200 300 500 1000 zooo3°°°40005000 Note
] 1 PRV SN SO I T |
Ship Law (5) (20) (The Certificate of Nationalicy of :he Ship to be issued
Covernment Otdinance by the Administrative office which governs the port of the |[Fishing boats defined by
for Registry and Registration 5 30 ship after being registered on the Ship Repisrer (book)) the Fishing Boat Law
Tonnage Measurement {Certificate of Nationality of the Small Ship to be issued by the (2=1) are excluded.
of Small Ships (1) governor of the port of the ship) :
( 3) | Markipg of 20  Fishing boat

Ship Safety Law
( 4)

load water line

Radio telegraph

Passenger ship of coasting

and wider service (Except 300 ships of coasting and wider service
those of coasting service not .

engaged in international :
300 " 160

voyage and under 100 GT) :
v . (Wireless telephohe acceptable)
(Wireless telephone is acceptable for the ships of coasting service
and not engaged in the internat’onal voyage)
100  Fishing boat
r

Exceptions are found in
the Special Regulations
for Fishing Vessels

Ship Scability

Application of

500 Non-passenger ship of coastin
and wider sarvice

Hovercraft & passengar 'shi
1)l passenger ship

the rule on
provisions for
small ships

E Towed passenger ship
Small passenger ship

Rules ( 1) | tha rule 20 Fishing boat
(105) | Accommodation Pagsenger ships (Omission is May be omitted only when
(115-3) | ladder admitted for ships of coast= Non-passenger ship (Board or admitted by the Admin~
ing and smooth water service) 300 canvas at the back not required) . istration.
(122-6) | Emergency Passenger ship engaged ° Non-passenger ship engaged )
lighting system in international voyage 500 in international voyage
(146) | Radio direction ’ Ships engaged in
_ finder 1600 international voyage |Refer to Chapter V, 8,
Ship (146~-2) | Pilot ladder and (Omtssion is admitted for ships of coasting service) 5000
Provision ship side light- Ships engaged in international voyage 1000 'All ships I Ditto
Rules ing system
(169-4) | Application of the 300 Al ships Exce t the cargo gear of
rule of cargo gear which rated capacity is less than 1 ton)
(214) | Application 4&f
dead-front type Pagsenger ship engaged All ships (except fishing boat)
electric distribu~ in_international voyage 500 engaged in international voyage
tion panel '
,(304) [ Application of Class 5 ships in the

Rules for Life Saving
Appliances of Ships

T 117:1. T

5 10 20 50 100 150 200 300 500 1000 200030004000

5000
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Rules (Article) Iten s 10 20. 50 100 150 200 300 500 1000  2000°°°°4000°°%° Note
(62)(63) (Life boats to accommodate all complement Tanker in class 3
shall be carried on each side of the ship.) 1600 ships Refer to Chapter V, 7.
Rules for (64)(83) |Life saving (At least one motor life boat with minimum v
Life Saving appliances for speed of 6 knots shall be carried,)
Appliances tankers (Boat davit shall be of gravity type.) Clans ) ships
of Ships (1)) (At least one motor life boat shall be carried,) 1600 other than tankers
(63) (Not less than four life boats shall be carried. Tankers in Two life boats may be
Two shall be carried aft and twoe amidships.) 7000 class 3 ships | permitted provided that
o there is no amidships
superstructure and no
room to carry four life
- boats aft,
(36) {No. of fire Class 1 ship and class 2 ship of L
pump greater coasting and wider service {2) 4000 (1) Refer to Chapter V, 15.
Class 2 ship of coasting and smooth 1 Onmission is permicred
water service 100 {1} 1000 (2) 4000 {3) provided that red fire
{Omission is permitted) I Class 3 ahipér;nd class 4 bu:ke;; ar; arranged at
ships of greater coasting sultable places.
(53) " Class 3 ships (1), 1000 and wider service (2)
" Class 4 |l Class & ships of coasting
Rules for - 300 shipa(l) 1000 & smooth water service(l
Fire Fighting i i [~ Class ! & 2 ships of
Appliances of greaver coasting and -
Ships (43) | Fira fighting (Fixed fire smothering gas system) 1000 wider service
system for ‘ i Class 1 ship of
cargo area (Adequate fire - 1000 coasting service
extinguishing system) Claes 1 ships and class 2 ships of
, coasting and wider service
(57 " (Fixed fire smothering gas system or 2000 Class 3 & 4 ships | Ships with steel hatch
fixed type mteam systam) { covers, bulk carriers,
{Above system may ba replaced by fixed foam fire lumber carriers, otc,
|extinguishing system or the system releasing Tankera in class | are excluded.
foam on the outside of the tanks,) 2000 3 5 4 ships
(45) | Fire fighting (Installacion of fixed fire Class 1 & (M To be fitted vhere main
(60) | system in engine |fighting system (gas, foam 2 ships 1000 Clmss 3 & &4 ships engine or auxiliary
room or preasurized water)} i I engines with not less
(61) | 'ump room In ( Ditto ) Tankers in class than 1000 BHP in total
tanker '2%90 3 & & shipe ure inatalled,
{#2) | tontallation of :
Internationnl * . 1000 Class 1 ship
shore connection : I
' For ships of greater coasting #nd wider service
Mariner's Lev (82) |Doctor and with 100 persons and above . 30?9
Note) 1. — Less than Not more than P—-— Not less than — More than

2. Above are the tonnage calculated by the current Japanese Regulations of the Tonhage Measurement of Ships

(1974).



10.10.

(1) Equipment number

(a) Equipment number by the Ship Provision Rules

Equipment Number and Classiffcation Sywbols_ar_\d Notatien

(Legislated by Japanese Government) (Table 103) _
Equipment number (E.N) = N+M-+N,

Table 103
Cate'gories Contents "E.N swiss E.N >97s5°
Main parc of Below the uppermost continuous deck —~LIB+d
the hull L B b and ¢ are defined by the N.~L{B+D)
» Rules of Hull Structure of Steel Ships +0-85Lx(D-d)
(1) Superstructures, For .
Superstructures (2). Structures on and above upper deck |superstructure
and similar of which side walls are within 30 N=T3
structures em from ship's sides, and )
(3) Continuous trunk ways of which For raised
M side walls are withia 30 cm from quarter deck N -Lo-8sth

ship’s sides
! and A& wmean the length and height

and sunken .
forecastle deck

of the above structure respectively. N=TL A
Deck houses and Structures other than thoss defined
e A I I Ao N B P Qe
N, and similar structure
Note} I. The parts of the ship excluded Fron the calculation are;

(D)
{2)

' (3)

R

P -

ship’s breadth or height is not =ore than 1. 22 m.

2. The

{b) Equipment number by classification societles (Table 104)

Equipment number {E.N) =

A +2Bh+0.14

Fore and aft part which exceeds ¢ defined by the rule.

Isolated superstructures_etc. of which 1engr.h or width 1s less than hali
A of . ship'’s breadth.

Isolated deck houses, ete, oé vhich length or width 13 less than half of

mark * is according to the voluoe 2 of The Guideline for Ship Inspection,

Tadle 104
Classi 1 h=S+h
assification a B A
Socleties I e
NK Molded dis- | Maximum i Freebcard Total height Profile area (1)+(2)(m2)
placement to | molded | frea the of superstruc-
:: the summer breadth | su=mer load | tures and detk- 1) sxL
X load water- | (m) vatarlize houses having [(2) Sum of the product
NV line (1) anidships | a breadeh of of length multiplied
(1974) (m) greater than by breadth of the

1/4 B at ship's
centerline.
Screens and
bulwarks more
than 1.5 m in
height shall
be regarded as
parts of houses,
Sheer, camber
and trim may
be neglected.

superstructures,
deckhouses, etc,
What should be consider-
ed in this calculation
are suyperstructures,
deckhouses and trunks of
which breadth exceeds
1/6 B and screens or
bulwarks of which helight
exceeds 1.5 nm.

Note) 1. L defined by each cla:sificacion soclety shall be used.

2. Superstructures and deckhouses within the range of |,

calculation,

3. NK allows to rneglect deckhouses, trurks, screens and bulwarks of which length is
not wmore than #/2,

ITI - 258

shall be {ncluded fn the
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{2) Classification symbols and nota

tions (Table 105)
Table 105 Simbols and Notations of Principal Classification Societies

Sociuety

Clasnilication Symhols and Notations

Regintercd Notations

Survey (uring
Conatruction

ilull

Machinery

Others

Examples of Notation

Machinery

Ref, Machinery
and Insulation

Others

Highent
Clane

NK

(1974)

*

NS

MMS

Equipment

Included
in hull

Navigating range:
Coasting Service, Smooth Water
Service, etc.

Purpose:

Tarker, Oils~Flashing Peint

below 65°C, Bulk Carrier, Column

Stabilized Drilling Unit, Fish-

ing Purposes, etc.

Col ,.. When anti-corrosion
‘system is applied

MO .... Unattended engine room

RMC

FPA
(Fite
fighting
system)

NS#*
MNSH

(1974)

Al

@ e

Navigating range:
Great Lakes Service,
River Service, etec,

Purpose:

0il Carrier, Ore Carrier, Bulk
Carrier, Strengthened for the
Carriage of Heavy Cargoes,
Certain Holds Empty, Special
Purpose Vessels ("Ferry Service",
"Dredging", "Fishing", "Towing",
"Barge", etc.), Drilling Unit,
Column Stabilized Drilling Unit,
Self=-Elevating Drilling Unit,
Ice Strengthening Class A, B, or
C, lce Strengthening Class IAA,
IA, IB, or 1C, etc. Reduced
Scantling due to Corrosion
Control,

INERT SYS ... Inert Gas System
Certified, ‘
RW ... Reduced Weight Anchor.

# ACC, ACC .., Automatic
Control System Certified.

® ACCU, ACCU  Automatie
Control System Unattended Engine
Room Certified,

RMC

o n®

® AMS
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- Soelety

Classifization Symbole and Notations

. Reglstered Notations

Survey during

.Hull

Machinery | Equipment Others

Examples of Notation

Machinery

Ref, Machinery
and Insulation

Others

Highest
Class

BY

(1973)

Construction

Survey by
other class
society

¢
Fairly good

I 3/3
Good

I1 5/6
Fairly
good

O

One .
compartment
E flooding

Iticluded
in hull

| Two
compartment
flooding

- <
SOLAS
Fairly
good

‘€L ,,. Limited Corrosion

Navigating range:
Deep Sea, Coastal Service,
Shéltered Waters, ecte,

Purpose;

011 Tanker, Ore Carrier, Bulk
Carrier, Bulk-Ore Carrier, Heavy
Cargo, Liquefied Gas Carrier,
Chemical Carrier, Contalner Ship,
Roll On~Roll Off, Special
Seryice, Fishing Vessel, Tug,
Dradger, Floating Dock, Wine
Carrier

Ice.Clagg 1A Super, 1A, 1B, or
1C,*Glace l~Super, 1, 11, or 111,
ete,

AUT, AUT ... Unattended engine
' room
(AUT), (AUT) . .Automatic control
engine room

R.M.C.

R.M.C.
-V.

SF
(Fire
fighting
systen)

® Ixg

CR
(1972)

-
Survey by
ocher class
scclety

CR100

Navigating range:
Coasting Service,
Seryice or Harbor
Navigation in Ice

Smopth Water
Service,

Purpose?

0il-Carrier, Ore Carrier, Bulk
Carrier, Lumbar Carrier, Dredger,
Tug, Filshing Service, Floating

Crane, etc,

CR100
L ]2
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Society

Classification Symbols and Notations -

Registered Notations

Survey during
Construction

-Hull

Machinery

Equipment

Others

Ex;mples of Notation

Machinery

Ref, Machinery
and Insulation

Others

Highest
Class

LR

(1974)

100 A

1MC

1

Purpose:
01) Tanker, Liquefied Gas

‘Carrler, Ore Carrier, Strength-

ened for Ore Cargoes, Strength-
ened for Ore Cargoes-Specified

holds may be empty, Strengthened
for Heavy Cargoes, Strengthened

" for Heavy Cargoes-Specified

holds may be empty, Trawler,

Tug, Barge, Pontoon, Special

Cargoes, Special Features Ice~

breaker, Ice Class 1%, 1, 2, or

3, Ice Class IA Super, IA, IB,

or IC, etc,

CC ,.,» Corrosion Control

1GS .. Inert Gas System

UMS .. Unattended Machinery
Space

Lloyd's
RMC

® 100A1

@ LMC

NV

(1974)

Registered
after survey
by other
clasa society

Included
in hull

Navigating range: .

N ... Norweglan Coast, Baltic,
North Sea, etc,

1 ,,. Enclosed Fjords, Lakes,

or Rivers

K,K Tartly Sheltered, K Shelter-
ed, K Except Finnmark 1/10-1/4,
etc,

Purpose:

Tanker (for 011, Chemical,
Liquefied Gas or C), Ore Car-
rier, HC, HC (lolds WNo. .,.
empty), Drilling Vessel, Hydro-
foll, Trawler, Fishing, Ferry A,
or B, Ice Breaker, Ice 1A%, 1A,
18, 1C, or C,

CORR .., Corrosion Control

INERT .. Inert Cas System

MY
(Machinery)}

44
{Boiler)

ED seeeo Unmnnned Engine Room

rMC

¥
(Fire
fighting
sysatem)




10.11. Data on Crew and Passengers
(1)'Required minimum floor area for crew (Table 106)

(2) Definition of a passenger
SOLAS 1960; Every person other than:

(a) The master and the members of the crew or other persons employed or
engaged in any capacity on board a ship on the business of that ship; and

(b} A child under one year of age

The Japanese Enforcement Regulation of the Ship Safety Law; Every person
other than crew and other persons on board.

"Crew" means the captain, seamen and spare seamen that are regulated by
the Japanese Mariner's Law.

"Other persons on board" means the persons regulated by the Japanese
Enforcement Regulation of the Ship Safety Law or the Japanese Guideline
for Ship Inspection.

(3) Definition of passenger ship and non—passenger ship (Table 107)
(4) Calculation base of certified numbers of passengers {Table 108)

(5) Escape means of passenger ships and car ferries
(ES'Reiated rules, circulars, etc.

1) The Jaj.....ue Ship Provision Rules; legislated in 1934 ~ revised in
June, 1973 (applied te general ships except those specially noted)
The Guideline for Ship Inspection concerning the above Rules (Volume

2); enforced in Maxch, 1972 (applied to general ships except those
specially noted)

11) Structu: | Standard for Car Ferries (The Guideline for Ship Inspec-
tion, Anncx 3); enforced in March, 1972, (applied to car ferries):

iii) The Guid~line for Ship Inspection No. 367; enforced in Jul. 10, 1973
The Guideline for Ship Inspection No. 481; enforced in Sept.21, 1973
(put into force to assure more safety of car ferries)

(b) Escape mcans (Table 109)
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Teble 106 Required Minimum Floor Area, etc. of Crew

Japan”’ D.0.T. U.5.C.G. N.5.C. ILO No. 92
(1973) (1953) (1973) (1974) (1970)
N * ; * . *
Navignting Iln?r 1 Volumc*l or li::: 3 Floor aren| Volume cT Floor nreca b ot iiigf
arva " ;F;;Lnn m3/pernon (e2 /person ftzlperson ft?/person mzlpyrﬂon 2 /person
o 1.10 less - less e ;? 2.1
cean . 2.75 th 15 14 than .0 .10
going (bed area) 280 *g 2000 g | 3.00| 8 1,000 .
3 g 300 - | S [(5.25) 8 ; 3.7
m H - -
Greater 1.10 2.05 400 - | 54 b = soo] £ 1 340 S 2.60 {10,000
coasting 800 c c o
(18] 5 30 210 |20 - | 8 {30 2 12,75
¢ asti*z' 0.55 1,15 [800 - | 5| B y 336882 3 (3‘;3) ]
casting - 3,000 Y o , ‘ 3.25 (10,000
3,000 [ 10,000 *
Smooth 0. 1'5 - ;.nd 30 20 - a’nd (Z- ;g) 3. 75 above
water above above *

*2

the ship runs 1in not less than 12 hours between two most distant ports.

*3
*4
*5
*5

quadruple berth cabin.

*7

shall be ‘
of 3,000GT and above
of 5,000GT and above
of 8,000GT and above
of 15,000GT and above,

Floor area shall be 24 cubic feet/person in case of four
Numbers of crew shall not exceed 4 persons/room. : N
The value in ( ) shall be applied to the officers with no other separate room,
For the ship 3,000GT and above, total floor area of 9 m2 ig required for triple berth

It is decided by the labor agreement between Japanese gﬁip
1) The numbers of crew in one cabin shall be one
2) The floor area of one cabin
6.0 m2 for the vessels
6.5 m¢ for the vessels
7.0 m2 for the vessels
8.0 m2 for the vessels

ke e R me b e ek mtopa e

persons/room in a passenger ship.

in principle and shall not exceed two.

e

owners' association and all'Japan geamen's union

Certified numbers of crew shall be those calculated based on the floor area or volume, whichever is the less.

Certified numhers of crew shall be calculated based on-the floor area or volume of greater coasting area when

cabin and 12 m2 for

-

that:
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Table 107 Definitioﬁ of Passenger Ship and Non-passenger Ship |

: Non-passenger
er
Rule Passenger ship <hip
SOLAS 1960
Japanese Ship .
Safety Law Ships which carry more than 12 passengers
Merchant Shipping
Act (England)
Kind of main engine
Steam Motor
EZiosngn Ships which carry more than ;:dGT Ships which carry more than
ship length 6 passengers | be low 6 passengers All ships
other than
Stips (excl. yachts), engaged in | Over |Ships (excl. yachts), engaged in | passenger
international voyage, which 15 GT jinternational voyage, which ships
carry more than 12 passengers (excl.|carry more than 12 passengers
Ships, not more than 15 CT, sed Ships, not more than 65' in length)
* going P
USCG 1973 which carry over 6 passengers vessel which carry over 6 passengers
. not Ships more than 65' in length
More than ?:§psa2;2:r than following ‘ones less |other than the following ones;
65' in (b) Cargo or tank vessels which than |Cargo or tank vessels which carry
ship length carry not more than 16 - 300 GT)|not more than 16 passengers
passengers Ships (excl. yachts), engaged in
(c) Tow boats and fishing boats | Sea international voyage, which ;
not more than 1 NT which going [carry more than 12 passengers
carry persons other than vesselfg s £
crew, excluding for ocean 300 GT (a)p;azgizr han following ones
going and coastigg service :::r- (b) Cargo or tank vessels which

carry not more than 16 passengers

* Care should be taken that, in addition to the above, sailing
passenger ships in some cases,

boats and non-self-propelled ships are treated as
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Table 108 Floor Area, Volume, ete, per Passenger

*1 Numerals in ( ) show unit area without passages,

*2 In case of ships navigating 3 hra. and over,

(1) The depth of chairs shall be not less than 40 cm.
(2) T™e front space of chair shall be not less than 30 em,

Japan England Others
Navigating Facility Calculation base Pilgrim passenger
area For ships
Passenger on board the pllgrim ship which s engaged
engaged in
Ocean going | Bed One person/bed international in carrying pillgrims visiting Hejaz or navigating
. . among the perts in Red Sea,
Bed One person/bed Play ground voyage:
9 Greater Soace for 0.45 m? Indonesian Regulatifon of Pilgrim Ships
L coasting sZat *1 0.85 m?2 (1.00 n?) General Between decks 1,50 m? (16.2 ftz)
2. passengers Alring space 0.56 m¢ ( 6 ft2 )
E ,:,J‘, Bed One person/bed Bed one per [Merchant Shipping Act 1923 (gakis;arf\)3
o0 o erson Between decks 18 ft<, 10 t
E § Naviga!(:ling time Unit area (m2) P Alring apace 6 fe2
™A = arca 36fe2 berth
. > area t® iNon-berth passengers
Lo Coasting ig::' ff{ 24 axgd_agzve ggg gégg; Mring ' The Indian Merchant Shipping Rules 1935
v > 1.5 - 6 0.45 (0.55) space 24ft2 For one passenger in a room certified not less than
§:§_ and less than 1.5 0.30 (0.35) 3§;§:e?etsons, (for a ship engaged in internationat
§_§ Smooth Navigal(:ti‘.:)g tTwe u:fut breadtl)\ Nom-bereh Betucen decks 13 :cg 90 fe3
=% | water (front) (em Passengers ring space t
u Space for 6 - 24 50 (4th class Revised Fhilippine Merchant Marine Regulation 1957
& chair *2 1.5~ 6 45 passengers) Between decks ’
o less than 1.5 40 7 £t for ferry boat, harbour, bay, lake & river
Navigating time E::i:ed vessels which navigate less than & hrs in
Standing (h) Unit grea (m2) dork Isge? . the daytime,
apace 10 £t¢ for passenger ships which navigate less
1.5 - 3 0.35 Afring than 12 hrs.
less than 1.5 0,30 space  6ft2 12 fc? for other coasting and ocean going pas-
. osed upper deck On other senger ships. -
" On exp_ (mz)PP exposed decks (mz) Alring space
o Deck passengers 90 ft3 for 3rd grade compartment for spaces other
52 A 0.85 0.85 than state rooms and cabins on mafn deck
- B 0,85 - On d or all the decks on main deck,
] c 0,85 0.85 expose 2 108 ft3 for accommodation quarters on all the decks
a D 1.10 - deck 12 fr under matn deck
36 fr2 or 110 fel

for state rooms or cabins on main deck or
on all the decks above main deck

(21 £e2 or 110 ftI for ships less than 150 GT)

125 ftd for state rooms or cabins under main deck




Item

Table 109 Escape Means

e

Contents [ Note Rules
The Ship
General Escape mcans §s a grovp of corridors, stalrvays, ladders and doorways Provision
to be arranged for escape to the embarkatton deck in an emergency. Rules '
(122.2)
Accommodat fons
other than Not less than 2 Engine room, boilet room|The Ship-
those for crew and shaft tunnel(s) are |Provision
Crew's accom- not included in service [Rules
madation and Not less than 1 spaces. {122.2)
service spaces
CGeneral Not less than 2, one
Ships of which shall not !
pass through the
Engine room watertight door(s). |For ships under 2000 The Ship
All the escapes GT, the requirements Provision
Boiler room
Shaft tunnel(s) which do not pass are lightened in some Rules
through the water- [cases. (122.3)
No. of tight door(s) shall ‘
escape be as far away as
routes possible. 3
to be Watertight com-|Not less than 2, oze of which shall not pass
installed partment under |through watertight bulkhead(s) or fire-proof ‘:
bulkhead deck |bulkhead(s)
Not less than 2, ozme|Vertical zone means the
Passenger of which shall be [section into which the A
ship led in vertical di- |hull, superstructure The Ship
engaged rection via stair- and §ecg houses"ukich Provision
in inter- Each vertical [ways, The other oneare divided by "A Rules
national zone abave {sball be the easily |class divisions, ‘the (122.3)
voyage bulkhead deck ‘tdccessible stairway . pean length of which on )
of incombustible .~ |any one deck does not,
conseruction which |in general, exceed
is enclosed with en-i40 meters,
closures and led to
embarkation deck,
N: Number of persons
scheduled to escape
(N] shows numbers of
persons scheduled to es-
. cape from the first deck)
60 cm and above N includes two-thirds of
Breadth for each deck shall be as follows; crew and all passengers. |The
First deck N (cm) In case all persons in |Guideline
Breadth Second deck NN, public rooms are includ-|for Ship
Third deck N.4+N,+0-5N, ed, N shall be one-third{Inspec- (
fourth deck N, +N,+0-5N,+0-25 N, of the total accommodat-jtion '
' ed persons. For the (122.4) '
fifth deck and ahove,
breadth shall be con-
firmed by the Admlnis-
tration.
N - ° Excluding engine room,
fnetine- o crer only 07 0% e voiler roan nd shafs | e
' tunnel Guldeline
Ladders Direction jLengthwise of ship’ for Ship
Arrangement|Straightly up to embarkation deck - Inspec-
"Handrall {To be fitted at center of the ladler ticn
in case the breadth in 2Zm and abcve. (122,4)
Emcrgency |[Fitted at doorways of main
light compartment. The Shi
Lighting |Fitted at the location of life raf:z |Applied to passenger e P
Lighting . Provision
equipment land places required from safety ships engaged in inter-
system standpoint. national voyage only, R”i;;'s)
Electric {To be supplled from emergency elec- (122.
source tric source as well as main one.
The Ship
Emergency| To be fitted at corridors, staloways, ladders Ditto Provision
lighting | and doorways. tRules
: (122.6)
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Item Contents AAJ Note Rules
| . The Ship
Rotice Meaning of signals, what to do in an emergency shall be Provision
board described, Rules
.Emergency (122.7)
notice The Guide-
Notice by {Route up to the embarkation deck In case emergency line for
luminous |shall be shown. lighting is not fitted. | Ship In~
paiat spection
(122.4)
The Ship
Blind Provision
corridor |12 ® and less . Rules
(122, 4)
Entraace |To be always unlocked.
‘ The
Qthers door
Storm rail|To be fitted at corridors and stairwvays Guideline
Ladders Suitable numbers of inclined ladders shall be fitred when for Ship
between two or more embarkatfon decks are installed. Inspec—.
embarka~ tion
ticn decks (122.4}

Note) 1., The Ship Provision Rules {122. 2) means the regulation 122.2 of the Ship Provision

2

3
4

Rules.

As for the accommedation facilities of passengers required by the rules, refer to
Chapter Vv, 21,7.1 - 3,

As for the accommodation facilities of crew, refer to Chapter 5, 21.7.4.

Following requirements are made on emergency exits and meeting places.

Emergency exits « Width shall be not less than 60 cm.

{The Ship

+ Doors shall be opened/closed from both sides of them,

Provision Rules » Location of the said doors shall be clearly denoted.

100.1

} - In case the exit(s) i{s led to the other passenger room(s) only,
it is requested to install emergency exit(s) without fail.

Meeting places in -+ The places shall not be used as passenger rooms.

an et2rgency

+ Ia case the meeting plac:{s) cannot be secured in addition to

{The Ship Provi- the said places, the exit(s), which are directly led froum port
sion Rules 90 ) side/starboard side of the sald passenger room{s) to the sea,

shall be installed.
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(c) Special requirements on the safety of car ferries (Table 110)

Table 110 Special Requirements on the Safety of Car Ferries

(The Guideline for Ship Inspection No. 367 & 481,
The Structural Standard of Car Ferries)

Ttem Contents
Exbarkation | As for embarkation on life boats and life rafts, refer to
means Chapter V, 7.1.3 and 7.7.
hOEQtZOH of Signs and arrangement shall be posted.
escap Escape route from the place to embarking place shall be
routes and .
. marked by luminous letters or signs.
facilities ,
In addition to the escape means specified in the Ship Provi-
sion Rules, Regulation 122.3, escape means not less than 2
Escape shall be installed in accommodation spaces and service spaces
means under vehicle deck, one of which shall be by the passage,

steel stairways and ladders enclosed by steel casing of A-30
construction and led to the embarkation deck.

Escape deck

Escape deck shall be installed on open deck,

On the fittings installed between meet-
ing places and embarking places;

Emergency 1) Not to be laid across the two decks
stairways and above and to be used exclusive- Vehicle area in ac-
ly. commodation shall be
2) Widcth shall be 0.5 x (No. of embark- |separated from galley
ing persons), but not less than 90 |and machinery space.
cm. .
3) Platform not less than 10 m2 shall {Insulation of floor,
be installed. ' ceiling and casing.
Embarking 1) Large opening shall be fitted. A-0 (Accommodation
place 2) Openings shall not, in principle, space)
be arranged on the side shell A-30(Vehicle area)
within 2 m from the one faced to A-60(Machinery space)
embarkation equipment and on the
steel walls of the other compart-
ments, The cover made of metal or
equivalent which can be closed
from outside of the place is
admitted.
Alarms Steam horn or electric siren shall be fitted.
é Emergency lighting shall be fitted on doorways, corridors,
mergency . R
. stairways and ladders, escape decks and other places wherever
lighting
necessary.
Vehicle area shall be arranged where the use of
Location |doorways, stairways, life-saving apparatuys is not
Vehicle disturbed.
area
Escape Opening used as escape means shall not be arranged,
opening
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10.12.

Loadlng'Data

10.12.1. Loading Data for Main Cargoes

(a) Stowayge factoc (5.F.) of miln cargoes (Tsble 111)
() Loading factor of lumbers (Table }12)
(c) Size of containers {(Refer to Chapter V, 3.5)

Table 111 Stowage Factor (S.F.} of Main Cargoes

Kind of cargo

-

O W

Selection of value of

of design.

Reposé angle of grain 1s.30° - 31° at dry condition and normally 35° -

Form S.F. Repose angle Note
Iron ore Bulk 12 - 16 40* - 50° Australian product
" 11 - 16 a5* - 60° Brazilian product, Swedish producet,
vater coanctent 0 ~ 4% ‘
" 16 38° Egyptian product, moisture content 3 - 5%
. 19 3s* Ghana product
]
Rauxite Bulk 27 - 2 { ig; Dry
Bagged | 38 - 40 Mofsture content 8%
Lime stone Bulk 27 33 Prudery
" 30 34° Oita (Japar)product
. 22 - 24 Split, South Australian product
Cement Bulk 24 - 28 indefinite Repose angle varies by the ratio of air
in it
Bagged {32 ~ 18
Bulk 35 - 36 Lump, loaded at Marseilles
Salt Bulk 29 -~ &0 30° - 45°
: " 33 45° Low grade, without lump, moisture contear 37
" Coal Bulk 30 - 50 30° ~ 45° Water content varies by the procuction area
.oow 46 — 48 Small coal
Sand Bulk 18 - 28 30° - 45°
Bagged 28
Steel bar 20 - 30
rail 15 - 55
prate 8 - 16
billet 10 - 14
Scrap 40 - 55 #1 HMS I<lm,. t>3mm
50 - 80 £2 8MS I<1m, t<3mm
32 Bundle (600 x 600 x 1300)
50 Kaiser (scrap of thin plate)
26 Plate end (thick plate)
White rice Bulk 46 - S0 Standard 47 (Japanese product)
Bagged | 48 - 52 " 52
Wheat Bulk 46 - 55 " 47
Bagged | 48 -~ 55 " 52
Barley Bulk 53 - 59 " s4
Bagged | 60 - 66 * 60
Soyabean Bulk 44 - 60
Bagged | 48 - 59
Sugar Bulk 36 - 46 30° - 39°
" 57 35°
Bagged | 40 - 55 Refind soft sugar
Chip Bulk 100-160 45* - 58° loaded by prneumatic trimmer
moisture content 40 - 50%
Note) 1. S.F. = Stowage factor (fc3/LT) Virtval specific we{ght , (t/m") =359/5.F,

S.F. shall be fully discussed by the customer before starct

37°.

As for liquid cargoes, refer to Chapter IT, 1.2, Table 2.

Data for reference:

. As for refrigerated cargoes, refer to Chapter V, 18.4.4, Table 167 and Table 153,

Code of Safe Practice for Bulk Cargoes (IMCO)
General Information for Grain Loading (NCB)

Table of Srovage Factor and Loading Practice

(edited by N.Y.K. Line, Marine DPivision)
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Table 112 Loading Factor of Lumber

Log Timber Packaged timber
Small Large
ng fYO? stéﬁic Lauan from the size size Short size Long size
; st o Philippines square | square timber timber
Kind of Lumber merica timber | timber
Y . 47X4"x x4 x 4" X4 x18"
2~3ex13 10°~20 | jpex1gem 8*~16’ )
30’ ~ 40" Mkl
’ ’ [ - . s.x 3'!"
1'~2/gx 40 ~60° - =20 X8 4 x40 x 260
Mean value for Mean value for
Weight (long ton) per 1000 BM| one vessel one vessel 1.5 - 1.6 Hemlock spruce 1,86
1.5 - 1.6 2.0 - 2.5
In hold and
Location In hold | On deck | In hold | On deck | In hold | On deck on deck In hold | On deck
(Minimum) (170) (140) | (180) (160)
5 ’ 170 100 140 120
igiciozggzired lz) 1?5 1?5 / 120 136 ; : .
1000 By (£03) 190 165 200 180 110 165 145
(fe (Maximum) |  (208) | (200) | (220) | (210) :
Loading 3 (Maximum) (0.49) | (0.60) (0.46) | (0.52)
- volu?e . (fe-) 0348 0354 0345 0349 0,69 0.61 | 0.?4 0360 | 0.59
Require 0.44 0.51 0.42 0.46 0.76 0.51 0.58

3
volume  (£8%) | (ynjmum) | (0.40) | (0.42) | (0.38) | (0.40)

1. BM: Board measure foot, which is also denoted as BF,

2. 1BM=1" XV X}’ —0-0835 f1*=0- 00236 m"

3. K=83-5 [(space required for loading 1000 BM, ft3)

4, Required volume in the above table is only for the design and it varies according to the size and shape
of the hold. Actual results in the operation are sometimes reported to exceed the design value.

5, Lumber from North America is the log with rind but is measured to the inside of the rind for the determina-
tion of BM.

6. Lauan from the Philippines is normally loaded aboard the ship after being barked.

Note)



10.12.2. Rules on Loading Special Cargoes

(1) Loading of bulk grain

Summary of IMCO Resolution A.264 (Carriage of Grain), which is scheduled
to be incorporated in SQLAS (1974), is described below.

(a) Definitions (Regulation 2)

1) The term "grain' includes wheat, maize (corn), oats, rye, barley,
rice, pulses, seeds and processed forms thereof, whose behavior is similar
to that of grain in its natural stage.

ii) The term "filled compartment' refers to any compartment in which,
after loading and trimmings, the bulk grain is at its highest possible

level,

iii) The term "partly filled compartment” refers to any compartment where-
in bulk grain is not loaded in a manner as stated in ii), but surface of
the grain shall be trimmed to level.

iv) The term "Angle of flooding" {6,)

means an angle of heel at which

openings in the hull, superstructures or deckhouses, which cannot be clos-
Small openings through which progressive flooding
~cannot take place need not be considered as open.

ed watertight, immerse,

(b) Intact stability requirements (Regulation &)
- The intact stability characteristics of any ship carrying bulk grain shall
meet, throughout the voyage, at least the following criteria.

i) The anglec of heel due to shift of grain shall be not greater.than 12
degrees except that an Administration may require lesser angle of heel,
which, for exawple, permissible angle of heel might be limited to the angle
of heel ot vhich the edge of the weather deck would be immersed in still

wacer.

ii) In the etatical -stability diagram (Fig. 217), the net or residual
area {(residual fynamical stability) between the heeling arm curve and the
righting arm co. v~ up to the angle of heel of maximum difference between
the ordinates of two curves, or 40 degrees or the "angle of flooding (4,)",
whichever is the least, shall in all conditions of loading be not less
than 0.075 met~1-radians. '

iii) The initiun’ metacentric height, after correction for the free sur-
face effects of liquid in tanks, shall be not less than 0.30 m.

"
QO -
5
T
"' | angle of
%2 ] inclination
- |by shift
e oi grain
= ;
|
"
A
o

o

residual dynamical stability

Fig. 217 Statical stability diagram
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Ay =

Assumed volumetric heeling

momeént by shift of grain

Stowage factor (5.F.) x
displacement

Aw=0-80X2,

N Note) 1. Stability diagram, as

much accuracy is requir-
ed, shall be made up
based cn as many cross
curves as practicable
including those of 12
degrees and 40 degrees.
2. Heeling moment curve by
shift of grain is approx-
imately represented-by
straight line AB.



(c¢) Longlitudinal divisions and saucers (Regulation 5)

In both "filled compartments" and "partly filled compartments", longitudi-
nal divisions may be provided as a device either to reduce the adverse
heeling effect of grain shift or to limit the depth of cargo used for
securing the grain surface, Such divisions shall be fitted grain- tlght
and constructed in accordance with the requirements,
In a "filled compartment", a division, if fitted to reduce the adverse
effects of the grain shift, shall

i) in a 'tween-deck compartment extend from deck to deck and

ii) in a hold be in accordance with Table 113.
Except in the case of linseed and other seeds having similar properties,
a longitudinal division beneath a hatchway may be replaced by a saucer or
bundlxng of bulk,

In a "partly filled compartment", a division, if fitted shall be in accord-

ance with Table 113,

Furthermore, the adverse heeling effects of grain shift may be reduced by
tightly stowing the wings and ends of compartment with bagged grain or
other suitable cargo adequately restrained from shifting.

Table 113 Longitudinal Divisions

Filled compartment Partly filled compartrcent

1. Before and abaft hatchways 1. When free surface of grain is
not secured.

B e TV A S

s \e A sl
division / wp’and above

B’ is the maximum breadth of
the compartment.

..

2. In and abreast hatchways ' 2. When free surface of grain is
secured,

‘ :1 “u:(,,'t" St L Y
FRa § PR MR /LTS, S 'u..

division bagged greiz
or other

suitable cargo

centerline
division

u

* The centerline division
shall extend to at least
0.6 m below A or B which-
ever gives the greater
depth.
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Filled compartment Partly filled compartment

3. Saucers

bagged grain or other
suitable cargo

B (molded breadth) = 9 1m d = 1.2 m
B (molded breadth) 218-3m ¢ = 1.8 m
9-1m< B <18-3m to be calculated by

interporation method.
4. Bundling of bulk

separation cloth
or equivalent

b3 A
L RS TR
F O Ll Thwr s

53

(d) Securing (Regulation 6) (Fig. 218 & 219)
The surface of the bulk grain in any “partly filled compartment’ shall be
level and topped off with bagged grain tightly stowed. Instead of bagged
grain, other suitable cargo exerting at least the same pressure may be
used., The bagged grain or such other suitable cargo shall e supported
in a manner described in the rule. Alternatively, the bulk grain surface
may be secured by strapping or lashing. :

(e) Feeders and trunks (Regulation ID)
1f feeders and trunks are fitted, proper account shall be taken of the
effects thereof when calculating the heeling moments.

(f) Combination arrangements (Regulation 8}
Lower holds and 'tween-deck spaces in way thereof may be loaded as one
compartment provided that, in calculating transverse heeling moments, pro-
per account is taken of the flow of grain into the lower spaces.

wooden floor

o
)

J

1i

R

bagged grain or separation cloth or tarpaulin
other sultable cargo

Steel wire rope, doubled steel
separation cloth or equiv- strapping or chain of equivalent

alent or suitable platform strength is used for lashing.

A is 1.2 m or 1/16 of the breadth
of the free grain surface, whichever
is the greater. , Fig. 219 Securing of grain surface

- ' . hi
Fig. 218 Securing of grain surface by strapping or lashing

by bagged grain
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(g) Calculation of assumed heeling moment

1) Assumed void in "filled compartment" (Fig. 220)
A vold is assumed to exist under all boundary surfaces having an inclina-
tion to the horizontal less than 30 degrees and that the void is parallel

to the boundary surface having an average depth calculated according to
the following formula,

Ve— Vau +0.75 (d—600) (mm)
where, V. = Average void depth (mm)

Va
d

Standard

i

void depth from table 114 (mm)

Actual. girder depth (mm)

In no case shall V, be assumed to be less than 100 mm,

Within filled hatchways and in addition to any open veid within the hatch
cover, there shall be assumed to be a void of average depth of 150 mm
measured down to the grain surface from the lowest part of hatch cover or
the top of the hatchside coaming, whichever is the lower.

‘150mm

not less 150mm less 150mm
than 30°
\

hatchside girder

(1) General

m ,ﬂr“t ’-.-t.’?a!x.

T o 9
. .x -
l/fftsn»&nt.i%
hatchend girder or

fut f"\u,

R
i, o rf et
u"\.h .r".-n.--d .hu-c...;L

8 ,1 1i' ‘\“-'j..“
u’.:rww?m

(2) In case of boundary (3) In case of boundary

"surface having an incli- surface having an in-
nation to the horizontal clination to the hori-
not less than 30° zontal less than 30°

Fig. 220 Typical example of a void defined by the rule

- Table 114 Standard Void Depth

l (m)' V;n (mm). Note

0-5 570

1-0 530 For |- greater than 8.0 m, V, shall be linearly

extraporated at 80 mm increase for each 1.0 m

1-5 500 increase in distance. Where there is a difference

2-0 480 in depth between the hatchside girder or its con-

2-5 450 tinuation and the hatchend beam the greater depth

3-0 440 shall be uve=d except that;

3-5 430 1) Wher the hatchside girder or its continuation is

4-0 430 shallower than the hatchend beam the void abreast

45 430 the hatchway may be calculated using the lesser

' depth;

5.0 430

5-5 450 2) When the hatchend beam is shallower than the
hatchside girder or its continuation the void

6-0 470 fore and aft of the hatchway inboard of the

6-5 490 continuation of the hatchside girder may be

7-0 520 calculated using the lesser depth; and

75 550 3) Where there is a raised deck clear of a hatchway

8-0 590 the average void depth measured from under side
of the raised deck shall be calculated using the

* 1 is the distance
fron hatchend or °

hatchside

to bound-

ary of compartment.

standard void depth ( V., ) 1in association with
a girder depth (d ) of the hatchend beam plus
the height of the raised deck,
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ii) Assumed volumectric heeling moment of a filled compartment {(Teble 115%5)
The resulting grain surface after shifting shall be assumed to be at 15
degrees to the horizontal. A discontinuous longitudinal division shall be
considered effective over its full length.’ The ship's stability calcula-
tions shall be normally based upon the assumption that the center of gravity
of cargo in a "filled compartment” is at the volumetric center of the whole
cargo space. In those cases where the Administration authorizes account to
be taken of the effect of assumed under deck voids on the vertical positien
of the center of the gravity of the cargo in "filled compartment®, it will
be necessary to compensate for the adverse effect of the vertical shift of
grain surfaces by the following formula.

Total heeling moment = 1.06 x calculated transverse heeling moment

Table 115 Assumed Volumetric Heeling Moment of a Filled@ Compartment

Assumptions ) Note

1. Before and abaft.hatchways If a compartment has two or more main
hatchways through which loading may
take place the depth of the underdeck
vold for the portion(s) between suik
hatchways shall be determined usizg
the fore and aft distance to the mid-
point between the hatchways.

% —- — shows the shift
of excess void area,

2. In and abreast hatchways
1) 130me 4 12

centerline : .
. s ded al> In figure (1), the void area under the
a, Compart:fn loaded in ?;’ 1nag1§§-m third deck and lower decks available

for transfer from the low side of each
of these decks spall be assumed to
transfer in equal quantities to all
the volds under the decks on the high
side and the. void in the upper deck
hatchway, In figure (2), the void
area under these decks avallable for
transfer from the low side of each of
those low decks shall be assumed to
transfer in equsl quanticies to the
voids in each of the two halves of the
upper deck hatchway on each side of
the division and the voids under -=e
decks on the high side. )
Provision of feeders -
1. The feeders shall extend for the
full length of the deck and the

4, Suitably placed wing feeders

T

]

] -
L]

- perforations therein shall be
main . The portion marked * adequately spaced.
hatchway | i1s included in the 2. The volume of each feeder shall e

calculation, equal to the volume cf the under
deck vold outboard of the hatchsiZs
girder and fts continuvation.

5. Trunks.situated over main hatchways

L - ' If the wing spaces in way of the =Xk
sy TP cannot be properly trimmed it shall be
. R B2 I assumed that a 25 degree surface shift
P %; S takes place.
s . {° = =
w__], AT
N 1 P
. . — w
centerline
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111i) Assumed volumetric heeling moment of partly filled cowpartments
(Fig. 221 & 222)
When the free surface of bulk grain has not been secured, it shall be as-
sumed that the grain surface after shifting shall be at 25 degrees to the
.horizontal. In a compartment in which the longitudinal divisions are not
continuous between the transverse boundaries, the length over which any
such divisions are effective as devices to prevent full width shifts of
grain surfaces shall be taken to be actual length of the portion of the
" division under consideration less two-sevenths of the greater of the trans-
verse distances between the division and its ajacent division or ship's
side. This correction does not apply in the lower compartments of any
combination loading in which the upper compartment is either a "filled
compartment' or a "partly filled compartment",

The adverse effect of the vertical shift of grain surfaces shall be calcu-
lated as follows,

Total heeling moment = 1,12 x calculated transverse heeling moment

whichever is the

_______I——__—-H“"_1——————~ EffECtivs\}ength z/greater. a%a or %w
...\_.r_é

\
| 7

discontinuous longi-

center—

line

}-—a-.——:}-————n—

bi ‘— f" ’ ‘.;f“, Y W
PRcl pepel e b
: \_&} $."'M~-u .r’v: Esu‘i‘.ﬂ' 3

shift distance

-of grain | tudinal division
Tig. 221 When grain surface Fig. 222 When longitudinal
is not secured . ‘ divisions are provided

(h} Alternative loading arrangements for existing ships
A ship lcaded in accordance with the following requirements shall be con-.
sidered to have intact stability characteristics at least equivalent to |
the requirements of this regulation. "Existing ship' means a ship, the

keel of which is laid before the date of coming into force of this regula-
tion.

i) Stowage of specially suitable ships
Bulk grain may be carried without regard to the requirements specified in
(g) in ships which are constructed with two or more vertical or sloping
grain—tight longitudinal divisions suitably disposed to limit the effect
of any transverse shift of grain under the following conditions,

i-i) as many holds and compartments as possible shall be full and trim-
.med full;

i-ii) for any specified arrangement of stowape the ship will not list to
an angle greater than 5 degrees at any stage of the voyage
where:

» in holds and compartments which have been trimmed full, the grain
surface settled 2 percent by voluoe from the original surface and
shifts to an angle of 12 degrees with that surface under all bound-
aries of these holds and compartoeants which have an irnclination of
less than 30 degrees to the horizontal,
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- in “partly filled compartments or holds" free grain surfaces
settle and shift as mentioncd above or to such larger angle as may
be decmed necessary by the Administration, or by a Contracting
Covernment on behalf of the Administration, and grain surfaces if
overstowed In accordance with the Regulation 5 shift to an angle
of 8 degrees with the original levelled surfaces, Shifting boards,

. {f fitted, will be considered to limit the transverse shift of the
surface of the grain.

11) Ships without documents of authorization
A ship not having on board documents of authorization may be permitted to
load bulk grain under the requirement mentioned i) or the following re-
quirements.

1§-1) A1l "filled compartments™ shall be fitted with centerline divi-
sions extending for the full length of such compartments which extend down~
wards from the underside of the deck or hatch covers to a distance below
the deck line of at least one-eighth of the maximum breadth of the compart-
ment or 2.4 m, whichever is the greater except that saucers may be accepted
in lieu of a centerline.division in and beneath a hatchway. ‘

ii-1ii) All hatches to "filled compartments" shall be closed and covers
secured in place.

1i-1i1) All free grain surfaces in "partly filled compartments” shall be
trimued level and secured.

- {i~1v) Throughout the voyage the metacentric Height after correction for
the free surface effects of liquids in tanks shall be 0.3 m or that given
by the following formula, whichever is the greater:

GM, — _1BVa(0-25B—0-625/V, B) .

S.F.xAX0:0875

where,* ! = Total combined length of all full. compartments (m)
B = Molded breadth (m) -
§.F.= Stowage factor (m3/t)
V. = Calculated average void depth (mm)
A = Displacement (t)

(2) Loadihg of ore concentrate® in bulk (by The Japanese Regulations
concerning the Carriage of Special Cargoes such as Grain by Ships)

(a) Loading of bulk ore concentrate in ships with freeboard mark shall
be in accordance with Table 116 except that in foreign port.

(b) Installation of longitudinal bulkhead or shifting board and trans-
verse shifting board (or dike with bagged ore) in general cargo ships
(steel ships) shall be in accordance with Table 117.

(c)_Réquirements for single-purpose ships shall be as follows.

1) Longitudinal bulkheads symmetrical to ship centerline with the dis-
tance of 0608 and less which will be extended from the hold bottom to
the deck and from the foremost bulkhead to the aftermost bulkhead of the
Lhold shall be installed in the hold where bulk cargo is loaded.

11) Ballast tank(s) with enough capacity shall be provided outside of
the longitudinal bulkheads and also ballast pumps sufficient for loading
and discharging shall be installed to enable the ship at upright conditiod
shen she lists to an angle that the edge gets to the water level at the
full loaded condition (or 10 degrees, whichever is the smaller) and -also
rthe ore concentrate inclines to that angle. ‘

Note) * Ore concentrate means such ore as sulphide ore concentrate, zinc
ore concentrate and copper ore concentrate processed by floatation.
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Table 116 Loading Instructions of Ore Concentrate

Moisture

SteelLItem 1 -
ships e Limitation of | Cimitation Longitudinal bulkhead or Transverse Shiff
w/free- in fine draft of loading shifting board*2 ing board or dike
board mark concentrate space by bagged ore
Not restricted
P -~
assenger less than 8% {up to the Not Unnecessary Unnecessary
ship freeboard mark) restricted
Not restricted Not
less than 8% (up to the tricted Unnecessary Unnecessary
freeboard mark)| X&° cte
Necessary, except that;:
ziigtgnzin- 1. Ore concentrate is divided by the
_ trate loaded shifting device made of wood and bag-
% in other gig ore and enclosed by the bagged
5 | 8% & above iy, o the iz::ishzgzz 2. The surface of ore concentrate is
General g b?t under | freehoard of and deep levelled and wood is loaded on it up
cargo o 9% that corre- tanks sgall to the under side of the deck. Unnecessary
ship 3 sponding to be 20% or 3. Ore concentrate of which weight*3
) the freeboard |, = .~ is 20% or less of the displacement
o mark multi- displacement corresponding to the freeboard
o plied by c*1 P . described left is loaded in the
® corresponding lower holds
° to the free- oies-
= 9% & above board de— Necessary, except
b;t under scribed left,|Necessary, except measures described measures describ-
12% “labove 2 or 3 is applied. ed above 2 or 3
- is applied.
less than 8% Not Cargo shall
v & [8% & above restricted be loaded
Industry b E‘but under 9% | (up o the evenly 1in the{Special requirements other than for Unne
: . ; nnecessary.
carriers o E 97 & above freeboard spacg be?ween industry carriers are not made.
w9 % N longitudinal
g £ put under 127 mark ) bulkheads
= o [127 & above

*1 C is equal

(11— L)

to 600

or 1.0, whichever is the greater.

*2 Longitudinal bulkhead or shifting board is not required provided that maximum width 1is B/2 or below.

*3 The weight of the cargo loaded in the deep tanks divided so that the maximum breadth of the tank is B/2 or below
may be excluded,



UL st

N ey

*:‘\“\—— y

o
1

Table 117 Location of Longitudinal Bulkhead (Shifting Board)
and Transvarse Shifting Board

Longitudinal bulkhead or shifting board

Transverse shifting board

Number Btﬁ::;h- Depthwise Li:&:?-' or dike by bagged ore
To be To be GT<s00T
placed (placed

One |at ship |from the | h>B/15* Total hold
center- |bottom Maxizum length
line. where the To. be To be interval

ore is placed placed

To be loaded to from the |longitu-
placed ° |the place foremost [dinally
between |high bulkhead |at
0.6E enough to the suitable| GT=500T

Two |Jor less jupward h>B/10* | aftermostjinterval. :
symmet-~ |from the ' bulkhead. Total hold
rical ore sur- Maximum length
to ship |face. interval ™ 3
center—
line,

-% Ji means the distance from the surface of ore concentrate which is

trimmed even to the top of the longitudlnal bulkhead(s) or shifting
board(s).

(3) Loading of lumbers on deck
(By the Japanese Regulations roncerning Carriage of Soecial Cargoes
such as Grain by Ships)

The loading of lumbers on upper deck or exposed superstructure decks shall

e in accordance with the following requirements.

refer to the said regulations.

As for the details

{(a) In case logs are loaded to the height wmuch over the bulwark, stan-
chions having enough strength shall be firmly fixed at the deck stringer
The stanchicns arranged on

plate with the intervals not more than 3.05 m.
superstructure decks shall be tightly supported by lashing wire.

(b) Lumbers on deck shall be fastened by lashing wire at the appropriate
interval not more than 3.05 m.

(c) The necessary space for opening and closing the doors shall be
assured around the door opening faced to the passages for crew.

(d) Enough care shall be taken of ship stability.
of lauvan logs and similar large size logs from the upper deck upward shall
be limited to one-third of the deck breadth at the place or of the ship's
breadth, if deck breadth exceeds ship's breadth, whichever is the smaller.

The loading height

(e) As for loading of lumbers on deck up to the assigned lumber free-
refer to 2.9.1 and 2.9.2 in addition to the above require-
In combined loading of lauan logs or similar large size logs and .
ore concentrate
under side of the deck.

board condition,
-ments,
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(4) Regulations concerning the carriage of dangerous goods

Some Major regulations are 1i{sted below.

nditions and precautions Required for the Carriage of

(a) Stowage Co
plosives in Ships

Dangerous Goods or EX
() USCG, CFR 46, part 146 - 149
nhipping (Dangerous Goods) Rules

(<) poT, The Merchant S
(d) Suez, Rules of Navigation (Appendix for vesscls carrying dangerous

cargo)

(e) Panama, Rules and Regulations Coverning Navigation of the Panama

Canal and Adjacent Waters (Chapter 8)
(£) SOLAS, Chapter 7, Carriage of Dangerocus Goods
(g) IMCO Resolution (A.Bl,.A.230 and A.289)

PV | |
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