Innovative Ship Design

- 3rd Exam -

Friday, June 15", 2012
14:00-17:00 (3 hours)

Name

SNU ID #

Note: Budget your time wisely. Some parts of this exam could take you much longer
than others. Move on if you are stuck and return to the problem later.

Problem 1 2 3 4 5 6
Total

Number 1| 2| 3| 4| 1| 2| 3| 1| 2| 3| -| 1| 2| 1| 2| 3

Max | 3| 2|10 5| 3|10| 2| 5|10| 5| 5| 5| 5| 5|10 15
Score /100

Grader




[1] A barge ship is floating on the sea as shown in following figure.
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L=40m, B=10m, D=10m, T=5m

Density of sea water: p ~ 1IMg/m?3

Added mass moment of inertia I 44,4 IS SamMe as the
added mass moment of inertia of the ship.

The equation of roll motion is as follows:

lg= Z M =(Body Force) + (Surface Force)
= M Gravity (¢) + M Fluid (¢)
— = N
= M Gravity (¢) + M Buoyancy (¢) + M F.K + M D + M Radiation
N J
¥ & L 2
+ M

= M Restoring (¢) Exciting _Iadded¢ - B¢

M aity (4) is the moment due to the gravitational force.

M (¢) is the moment due to the buoyant force.

Buoyancy

Mg  is the moment due to the Froude-Krylov force.
M, is the moment due to the diffraction force.

(4, @) is the moment due to the radiation force.

M

Radiation
Two components Mg (#) and Mg, ... (#) produce transverse restoring moment

M Restoring (¢) .

Sum of two components Mg, (#) and M () is exciting moment Mg, (4) -

M (¢,$) is composed of —I . ¢ and —Bg, where 1., is the added mass moment of

inertiaand B is roll damping coefficient.

Radiation



oy’z’' : Body fixed frame
oyz : Waterplane fixed frame

G : Center of gravity

K :Keel

B,: Center of buoyancy

B;: Center of buoyancy at rotation
angle ¢

Fg : Weight of a ship

Fz : Buoyancy force

M

Restoring

M : The metacenter is defined as the intersection point of the two lines of action of the buoyant force before and after
inclination. Unless there is an change in the shape of the ship in vicinity of the waterline, point M will remain practically

stationary as the ship is inclined to small angles.

[1.1] Determine the transverse restoring moment in terms of GM with proper assumption. [3 points]

[1.2] Drive the equation of roll motion of the ship. [2 points]

[1.3] Find a general solution of roll motion ¢(t) assuming there is no exciting moment and damping

moment. [10 points]

[1.4] Drive the relation between GM and natural period of roll motion. [5 points]



[2] Buckling and Euler load

Consider a long slender vertical column of uniform cross-section and length L. The vertical load P

is acting on the top of the vertical column.

P

l - [F=(-P,0,0)]

Ll

[2.1] Derive the differential equation for column buckling based on the differential equation of

the deflection curve of a beam. [3 points]
- Differential Equation of the deflection curve of a beam

d’y

M = ElI
dx?

[2.2] Determine Euler load(smallest critical loads). [10 points]

[2.3] To maximize Euler load, where the physical restraint should be put on? [2 points]



[3] Grillage Analysis

Stiffness equations of a beam and shaft, whose length is L, are as follows:

f
. . ) M 21
Stiffness equations of a beam:
f,
M z2
. . . M xl|
Stiffness equations of a shaft: =
M x2

[3.1] Derive the stiffness equations of a grillage structure in the xz-plane for the element 1 and

element 2. [5 points]
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[3.2] Find displacement and reaction force at each nodes in the following figure by using the stiffness
equations of the grillage structure derived from the problem [3.1] [10 points]

y node 3

/
/
Z element 2
1" element 1 L 2m
J 4m
node 2
node 1

- Moment of inertia | (m%: 16.6x10°
- Young's modulus E (kN/m?): 210x<10°
- Shear modulus G (kN/m?): 84x<10°

- Polar moment of unertia J (m?):4.6x107



[3.3] The stiffness equation of the grillage structure is derived in the xyz-frame. But the XYZ-frame will
be used in general grillage analysis problem. Perform the coordinate transformation of the stiffness
equation from the xyz-frame to the XYZ-frame. [5 points]

the present coordinate system the new coordinate system
xyz-frame XYZ-frame
Z
X rotation about Y

x-axis with -90°

=




[4] Write down the name of cargo hold structure members of a tanker. [5 points]

wing tank center tank
]

1',

center tank wing tank




[5] Hull girder strength and Midship section rule scantling

[5.1] Derive the required section modulus(Zg) for the scantling of the longitudinal stiffener

based on the beam theory. [5 points]

7 :83|2'S'p'Wk (Cm3)

reg.
O,

r 3
A J

p: “pressure” on the load point for the stiffener
I: stiffener span
s: stiffener spacing

0,: allowable stress

W, : section modulus corrosion factor in tanks

Unit: p(kN / mz) , s(m), I(m), a(N / mmz)



_[5.2] Derive the required thickness (z.,) for the scantling of the plates based on the beam theory.
[5 points]

15.8k
req. — T;_SI\/B_‘_tk (mm)

~

udlnals

Bottom plate
v t 3 IB - NA

Y
v

p: “pressure” on the load point for the plate
s: span between longitudinals

t: plate thickness

N.A: neutral axis

1: unit length of strip of the plate

0,: allowable stress

k,: correction factor for aspect ratio of plate field

t, : corrosion addition

Unit: t(mm), s(m), p(kN/mz), a(N/mmz)



[6] Rule Scantling for container ship of LBP 316.45m based on the basis ship of 7,000TEU shown in

following table.

Basis Ship(7,000 TEU) Design Ship
Main Dimensions
LOA(m) 302.0 316.45
LBP(m) 288.0 302.45
Ls(m) 284.25 2984
B mld(m) 40.0 40.0
D mld(m) 24 24.2
d(design) (m) 12.0 12.0
d(scant) (m) 14.5 14.5
Drmid, to second deck (M) 20.144 20.144
CbatTd 0.691 0.725
CbatTs 0721 0.76
Deadweight(t)
(design/scant.) 70,367/96,026 78,900/107,670

Table 1. Principle Particulars

Sectional area of midship for
half part(cmz)

First moment of sectional area

about baseline for half part [cm?]

moment of inertia of
sectional area about

neutral axis [cm?]

Total data

27,160

30.714x10¢

522.542 x108

Table 2. Sectional Properties of the Basis Ship
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6.1] Calculate the rule required minimum design still water bending moment and vertical wave
bending moment of the design ship in accordance with the DNV Rule(Part 3, Chapter 1, Section 5.
longitudinal strength, B. 100, B. 200). [5 points]

6.2] Calculate the actual hull girder bending stress acting on the bottom and the deck. And
check that the actual bending stress is satisfied with allowable bending stress at midship by the

DNV rule(Part 3, Chapter 1, Section 5. longitudinal strength, C. 300). [10 points]

[6.3] The plate and the longitudinal stiffeners located at the deck indicated in following figure are
most critical members in affecting the actual bending stress. Determine its thickness that satisfy
the allowable bending stress at midship by the DNV rule(Part 3, Chapter 1, Section 5.

longitudinal strength, C. 300). [15 points]
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DNV Rule

Rules for Ships, January 2004
Pt3 Ch.1Sec4 — Page28

Amended,
see Pt.0 Ch.1 Sec.3, January 2005

SECTION 4
DESIGN LOADS

A. General

A 100

101 In this section formulae for wave induced ship motions
and accelerations as well as lateral pressures are given.

The given design wave coefficient is also a basic parameter for
the longitudinal strength calculations.

102 The ship motions and accelerations in B are given as ex-
treme values (i.e. probability level = 10°%).

103 Design pressures caused by sea, liquid cargoes, dry car-
goes, ballast and bunkers as given in C are based on extreme
conditions, but are modified to equivalent values correspond-
ing to the stress levels stipulated in the rules. Normally this in-
volves a reduction of the extreme values given in B to a 10
probability level.

104 Impact pressures caused by the sea (slamming, bow im-
pact) are not covered by this section. Design values are given
1n the sections dealing with specific structures.

A 200 Definitions
201 Symbols:

Introduction

p = design pressure in KN/m?
r = density of liquid or stowage rate of dry cargo in t/m?.

202 The load point for which the design pressure shall be cal-
culated is defined for various strength members as follows:

a) For plates:
midpoint of horizontally stiffened plate field.
Half of the stiffener spacing above the lower support of
vertically stiffened plate field. or at lower edge of plate
when the thickness is changed within the plate field.

b) For stiffeners:
midpoint of span.
When the pressure 1s not varied linearly over the span the
design pressure shall be taken as the greater of:

P, +P
pmand“—"

Pm- Ps and py, are calculated pressure at the midpoint and
at each end respectively.

c) For girders:
midpoint of load area.

B. Ship Motions and Accelerations

B100 General

101 Accelerations in the ship's vertical, transverse and longi-
tudinal axes are in general obtained by assuming the corre-
sponding linear acceleration and relevant components of
angular accelerations as independent variables. The combined
acceleration in each direction may be taken as:

n = number of independent variables.

Transverse or longitudinal component of angular acceleration
considered in the above expression shall include the compo-
nent of gravity acting simultaneously in the same direction.

101 The combined effects given in the following may dewvi-
ate from the above general expression due to practical simpli-
fications applicable to hull structural design or based on
experience regarding phasing between certain basic compo-
nents.

B 200 Basic parameters

201 The acceleration, sea pressures and hull girder loads
have been related to a wave coefficient as given in Table B1.

Table B1 Wave coefficient Cyy

L Cy
L <100 0.0792L

100 =L =300 10.75— [ (300-L)/100 T2
300 <L <350 10.75

L =350 10.75 —[ (L—-350)/150 2

The above formulae are illustrated in Fig 1.
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Acceleration parameter

202 For ships with restricted service. Cyy may in general be
reduced as follows:

— service area notation RO: No reduction
— service area notation R1: 10%

— service area notation R2: 20%

— service area notation R3: 30%

— service area notation R4: 40%

— service area notation RE: 50%.

203 A common acceleration parameter is given by:

3IC,
W
a; = —L +CVC'\."1

=

Cy = maximum 0.2

50°

C V1= . minimum {]3

Bl

Values of ag according to the above formula may also be found
from Fig.2.

B 300

301 The surge acceleration is given by:
a, = 02g,a,, /Cg

302 The combined sway/yaw acceleration is given by:

Surge, sway /vaw and heave accelerations

(ms”)

2, =03g5a; (m's?)

303 The heave acceleration is given by:

30 2
a, = {].?gD—T (m/s™)

J CB

B 400 Roll motion and acceleration

401 The roll angle (single amplitude) is given by:
50c
= d
$=grrs ©@9
c = (125-0025TR)k
k = 1.2 for ships without bilge keel
= 1.0 for ships with bilge keel
= 0.8 for ships with active roll damping facilities
Tr = as defined in 402, not to be taken greater than 30.
402 The period of roll is generally given by:
2k,
Tg = —— (8)
B /oM
k, = roll radius of gyration in m

GM = metacentric height in m.

The values of k_and GM to be used shall give the minimum re-
alistic value of Ty for the load considered.

In case k, and GM have not been calculated for such condition,
the following approximate design values may be used:

k,

0.39 B for ships with even transverse distribution of
mass

0.35 B for tankers 1n ballast

0.25 B for ships loaded with ore between longimdinal
bulkheads

0.07 B in general

0.12 B for tankers and bulk carriers.

GM

403 The fangential roll acceleration (gravity component not
included) 1s generally given by:

(2my?
) Re

, 2
= ¢ (1 (mss™)

Ry = distance in m from the centre of mass to the axis of ro-
fation.

The roll axis of rofation may be taken at a height z m above the
baseline.

D.T D
= thy llerof | =+ = |and | =
z = the smaller o [ a3 ] ]:2]
404 The radial roll acceleration may normally be neglected.

B 500 Pitch motion and acceleration

501 The pitch angle is given by:
6=10252 d

= Lay—
Cs (rad)

502 The period of pitch may normally be taken as:
T
Tp =18 |= (s
W %o

DET NORSKE VERITAS



Rules for Ships, January 2004
Pt3 Ch.1Secd4 — Page 30

Amended,
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503 The tangential pifch acceleration (gravity component
not included) is generally given by:

2
a = S[E—T} Rp (m-"sz)
Tp

]

Tp = pernod of pitch

Rp = distance in m from the centre of mass to the axis of ro-
tation.

The pitch axis of rotation may be taken at the cross- section
0.45 L from A P. z meters above the baseline.

z = as given in 403.
With Tp as indicated in 502 the pitch acceleration is given by:
Rp

]
L (s

a, = 120 &

504 The radial pitch acceleration may normally be neglect-
ed.

B 600 Combined vertical acceleration

601 Normally the combined vertical acceleration (accelera-
tion of gravity not included) may be approximated by:

k. g3 2
a = ‘CB {m/s”)
13 aftof AP

0.7 between 0.3 L and 0.6 L from A.P.
1.5 forward of F.P.

K,

Between mentioned regions k. shall be varied linearly, see
Fig3.

1.6

Ky
1.4

1.2

1.0

0.8

0.6

0.4 i

0.2

AP 02L O04L OEL O0BL FPR

Fig. 3
Acceleration distribution factor

If for design purposes a constant value of a, within the cargo
area is desirable, a value equal to 85% of the maximum a,
within the same area may be used.

602  As an alternative the acceleration along the ship's verti-
cal axis (acceleration of gravify not included) is given as the
combined effect of heave, piich and roll calculated as indicated
in 100, 1e.:

[ 2 2
'am + az

2
a_ = max (m/s™)

2 2
(A 3pz T 3z
a, = asgivenin 303
a,, = vertical component of the roll acceleration given in
403
= vertical component of the pitch acceleration given in
503.

Note that a; and a,, are equal toa, and a; using the horizontal
projection of Ry and Ry respectively.
B 700 Combined transverse acceleration

701  Acceleration along the ship's transverse axis is given as
the combined effect of sway/vaw and roll calculated as mdicat-
edin 100, 1e.:

[ 2 . 2 2
a =, a, +(gysing+ ar},) (m/s™)

. = transverse component of the roll acceleration given in
403.

Note that a, is equal fo a, using the vertical projection of Rg.

B 800 Combined longitudinal accelerations

801 Acceleration along the ship's longitudinal axis is given
as the combined effect of surge and pitch calculated as indicat-
edin 100, 1e.:

a = [al+(g sinf+a % (m;'szj
T o Tx (go px

4, = lengitudinal component of pitch acceleration given in
503.

Note that a, is equal fo a; using the vertical projection of Rp.

C. Pressures and Forces

C 100 General

101 The external and internal pressures considered to mflu-

ence the scantling of panels are:

— static and dynamic sea pressures

— static and dynamic pressures from liquids in a tank

— stafic and dynamic pressures from dry cargoes, stores and
equipment.

102 The design sea pressures are assumed fo be acting on the
ship's outer panels at full draught.

103 The internal pressures are given for the panel in question
irrespectively of possible simultaneous pressure from the op-
posife side. For outer panels sea pressure at ballast draught
may be deducted.

104 The gravity and acceleration forces from heavy units of
cargo and equipment may influence the scantlings of primary
strength members.

C 200 Sea pressures

201 The pressure acting on the ship's side, boftom and
weather deck shall be taken as the sum of the static and the dy-
NAMIC Pressure as:

— for load point below summer load waterline :

p1 = 10hg+pgt (KN/m%)

DET NORSKE VERITAS
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— for load point above summer load waterline :

P2 =a(pap—(4+02k)hy )1 (N/m?)
= minimum 6.25 + 0.025 L, for sides
= minimum 5 for weather decks.

The pressure py, is taken as:
=0 =135—2 _ m
Pap =Py le—?S 1.2(T-2z) (kN/m"™)
P =k Cy+ke
— (k.Cy+kp[0.8 +o_151] if Y515
: E JLO L
2.5
k = BCB—T at AP and aft
JCs
=2 between 0.2 L and 0.7 L from AP
=3Cg~+ 1—0 at FP and forward.
B

Between specified areas k, shall be varied linearly.

a = 1.0 for ship's sides and for weather decks forward of
0.15 L from FP. or forward of deckhouse front, which-
ever is the foremost position

= 0.8 for weather decks elsewhere

hy = vertical distance from the waterline at draught T to the
load point (m)

z = vertical distance from the baseline to the load pount.
maximum T {m)

= honzontfal distance from the centre line to the load
point, minimum B/4 {m)

Cyy = as given in B200

k; = the smallest of T and £

f = verfical distance from the waterline to the top of the
ship's side at transverse section considered, maximum
0.8 Cyy (m)

L; = ship length, need not be taken greater than 300 (m).

1} For ships with service restnictions, p and the last term i p; may be re-
duced by the percentages given in B202. Cyy should not be reduced.

202 The sea pressure at minimum design draught which may
be deducted from internal design pressures shall be taken as:

p= 10(Ty -2 (N/md)
=  minimem 0

Ty = minimum design draught in m normally taken as 0.35

T for dry cargo vessels and 2 + 0.02 L for tankers
z = vertical distance in m from the baseline to the load

point.
203 The design pressure on watertight bulkheads (compart-
menft flooded) shall be taken as:

p=10h, (&N/mY)

ly, = vertical distance in metres from the load point to the

deepest equilibrium waterline in damaged condition
obtained from applicable damage stability calcula-
tions.

204 The design pressure on mner bottom (double boftom
flooded) shall not be less than:

p=10T (KN/m?).
C 300 Liquids in tanks

301 Tanks for crude oil or bunkers are normally to be de-
signed for liquids of density equal to that of sea water. taken as

p=1.025t/m? (ie. pgy= 10). Tanks for heavier liquids may
be approved after special consideration. Vessels designed for
100% filling of specified tanks with a heavier liquid will be
given the nofation HL( ), indicating the highest cargo density
applied as basis for approval. The density upon which the
scantling of individual tanks are based, will be given in the ap-
pendix to the classification certificate.

302 The pressure in full tanks shall be taken as the greater of:
p=p(g;+05a)h, (kKN/m?) [1]
2
p = 020 [0.67(h,+ ¢b)—0.12,fHb.g] (KNm") [2]

= pgo[0.67(h, + 61)-0.12 fHL 8] (Nm®) [3]

= 067 (020 b+ A pgy) (KN/m?) [4]
p= pgoh,+py (KN/m?) [5]

vertical acceleration as given in B600, taken in cen-

tre of gravity of tank.

as given in B400

as given in B500

height in m of the tank

density of ballast. bunkers or liquid cargo in t/m?,

normally not to be taken less than 1.025 t/m?

(Le. pgg=10)

the largest athwartship distance in m from the load

point to the tank corner at top of the tank which is

simated most distant from the load pomt. For tank

tops with stepped contour, the uppermost tank cor-

ner will normally be decisive

breadth in m of top of tank

the largest longitudinal distance in m from the load

point to the tank corner at top of tank which is siftu-

ated most distant from the load point. For tank tops

with stepped contour, the uppermost tank corner

will normally be decisive

length in m of top of tank

vertical distance in m from the load point to the top

of tank, excluding smaller hatchways.

vertical distance in m from the load point to the top

of air pipe

= 25 kN/m- in general

= 15 kN/m? in ballast holds in dry cargo vessels

= fank pressure valve opening pressure when exceed-
ing the general value.

Aps,, = calculated pressure drop according to Pt4 Ché

’ Sec.4 K201.

For calculation of girder structures the pressure [4] shall be in-
creased by a factor 1.15.

The formulae normally giving the greatest pressure are indicat-
ed in Figs. 4 to 6 for various fypes.

=T =]

W
=t
I

™ e

=2
I

~F
o

_UEI‘
I

For sea pressure at mininmum design dranght which may be de-
duced from formulae above, see 202.

Formulae [ 2] and [ 3 ] are based on a 2% ullage in large
tanks.

Guidance note:

With respect to the definition of h,. hatchways may be consid-
ered s to the extent that the volume of the hatchway is negli-
gible compared to the mimimpm ullage of the tank Hatchways
for access only may generally be defined as small with respect to
the definition of h,.

—e-n-d--—-of —-G-u-1-d-a-n-c-e—n-o-te—

Guidance note:

If the pressure drop according to Pt.4 Ch6 Sec.d K201 is not
available, Apg,, may normally be taken as 25 KN/m?. for ballast
tanks and zero for other tanks. If arrangements for the prevention
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of overpumping of ballast tanks in accordance with Pt.4 Ch6
Sec.4 K200 are fitted, p;,, may be taken as zero.

—e-n-d---of-—-G-u1-d-a-n-c-e—n-o-t-e-—

(5)

:r. (1) (1) /
Fig. 4

Section in carge tanks

D
d—\'k\_ e
(3) ——\ (5}
(2}

(5)

4

. /
(4) 1051 /

Fig. 5
Section in bulk cargo hold

303 Tanks with i, < 0.13 L and by, < 0.56 B shall have scant-
lings for unrestricted filling height.

For strength members located less than 0.25 i, away from wash
and end bulkheads the pressure shall not be taken less than:

p =455t o)

I, = distance in m between transverse tank bulkheads or
fully effective transverse wash bulkheads at the height
at which the strength member is located
(a;=02).

(5]

(4]

Fig. 6
Section in engine room

For strength members located less than 0.25 by, away from lon-
gitudinal wash bulkheads and tank sides the pressure shall not
be faken less than:

o 2
- o Bn wued

by, = distance in m between tank sides or fully effective lon-
gitudinal wash bulkheads at the height at which the
strength member is located (ay < 0.2)

If the wash bulkheads are not fully effective (a; > 02 o =
0.2). 'y, and by, may be substituted by [, and b, given in 306.
o, and oy are defined in 306.

304 The minimum sloshing pressure on webframes and gird-
er panels in cargo and ballast tanks shall not be taken less than
20 kN/m?2.

In long or wide tanks with many webframes or girders the
sloshing pressure on the frames or girders near to the wash or
end bulkheads shall be taken as:

2
P = Pond { 1- 15) [kN-"mlj for webframes

ra 52
P = Pyal1- bi] (N/m”) for longitudinal griders.
DPrrg = Sloshing pressure on wash or end bulkheads as given in
306
s = distance in m from bulkhead to webframe or girder
considered.

I, and b, as given m 306.

305 Tanks with free sloshing breadth b, = 0.56 B will be sub-
ject to specified restrictions on maximum GM. In addition
such tanks and or tanks with a sloshing length such that 0.13 L
=[], = 0.16 L may be designed for specified restrictions in fill-
ing height.

Maximum allowable GM, cargo density and possible restric-
tions on filling heights will be stated in the appendix to the
classification cerfificate.

The sloshing pressures (p) given 1 306 and 309 shall be con-
sidered together with the normal strength formulae given in
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(1+na,)(1+8m,)b
Sec.7. Sec.8 and Sec 9. = [ 1£+ 111 e ﬂt }4 for tank sides
The impact pressures (p;) given in 307, 308, 309. and 310 shall I 4
be used together with impact strength formulae given in Sec.9 [1+ean-1)](1+ Eny)b
E400. for wash bulkhead
. (1+n)(1+ny)
b, and [, as given in 306.
i = fank length n m
D25 bso | Dism b = tank breadth inm
|—_| - 1, = number of transverse wash bulkheads in the tank
0.25 1 0.3 015 i, . e
. ' with a4 < 0.5
o, = rafio between openings in transverse wash bulkhead
LA 4 4 and tofal transverse area in the tank below consid-
. L P ered filling height, see Fig 8.
—
et | i
: Sloshing Impact
e | pressure pressure [ \
=" f
= - n
i | * -
e | - .2 b
. or -
[ ! = (3.2 @ 025 0.5
ft | — a_r
* Fig. §
b, Wash bulkhead coefficient
I
Fig. 7 If no restriction to filling height. his taken as 0.7 H.

Pressure distribution

306 Sloshing pressure

For strength members located less than 0.23 [, away from
transverse wash and end bulkheads the pressure shall not be
taken less than (see Fig 7):

I 1715 L i
p=pgl kf[ﬂ.4—|\0.39—T*] ﬁ] N/m?)

For strength members located less than 0.25 b, from longitudi-

nal wash bulkheads and tank sides the pressure shall not be tak-
en less than:

(b, 0.75 2
p = Tpgﬂkf|\§‘—0_3]GM (KN/m)

i h 2
1—2|\0_?—ﬁ]

..o

max

kf =

., maximum = 1

filling height (m)

tank height (m) within 0.15 [, or 0.15 b,

maximum GM including correction for free surface
effect. GMpymipum = 0.12 B (m)

QmE

M

effective sloshing length in m given as:

(1+na)l+En,)l
= UL for end bulkheads
(1+n)(1+n,)

1+ ein-1)])(1+ I
= ! (2~ DI~ fy) for wash bulkheads
(1+n)(1+n,)

effective sloshing breadth in m given as:

0, = number of transverse web-ring frames in the tank over the
len%h:

(1+mn,)

A = ratio between openings in web-ring frames and total
transverse area m the tank below considered filling
height. see Fig 9.

A

— D

A
“ N
4 n
L. —
N ' -
o [} 0
'Bf

Fig. 9
Webframe coefficient

If no restriction to filling height, h is taken as 0.7 H.

n; = number of longitudinal wash bulkheads in the tank
with oy < 0.5

ap = sinular to o, but taken for longitudinal wash bulkhead

n, = number of longitudinal ring-girders in the tank be-
twegn the breadth
(1+n)

£ = similar to £, taken for longitudinal ring-girders.

307 Impact pressure in upper part of tanks.

Tanks with free sloshing length 0.13 L < [, < 0.16 L or with
free sloshing breadth b, = 0.56 B will generate an impact pres-
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sure on horizontal and inclined surfaces adjacent to vertical
surfaces in upper part of the tank due to high ligmd velocities
meeting these surfaces. For horizontal or inclined panels
(deck, horizontal stringers etc.) the impact pressure on upper
parts of the tank may be taken as:

Within 0.15 [, from transverse wash or end bulkheads:

(2201,

D, =g gokﬁ\ — 75 JI sin? y {kN.-"mQ)

=P E kf(ES ——)(0.5 —%]Sfﬂz)’ [kN,-"mZJ

Within 0.15 b, from longitudinal wash bulkheads and tank
sides:

240pg01{£ fbs A I -
=73 |\§—0.3J GM “sin® y

Outside 0.15 /, and 0.15 b, the pressure may be reduced to zero
at 0.3 [, and 0.3b,, respectively, see Fig.7.

In tank corners within 0.15 [, and 0.15 b, the impact pressure
shall not be taken smaller than p; (transversely) or p; (longifu-
dinally) + 0.4 p, (transversely).

The reflected impact pressure on vertical surfaces adjacent to
horizontal or inclined surfaces above will have an impact pres-
sure linearly reduced to 50% of the pressure above, 0.1 [, or 0.1
b, m below.

I.. b, and GM are as given in 306.
1-4(06

&)
H

h = maximum allowable filling height (m)

H tank height (m) within 0.15 [, or 0.15 b,
¥ angle between considered panel and the vertical.

] maximum =1,

lif =

mn:*

=1

max

308 Impact pressure in lower part of smooth tanks

In larger fanks ( [, = 0.13 L or b, = 0.56 B) with double bottom
and which have no internal transverse or longitudinal girders
restraining the liquid movement at low minimum filling
heights (2 <h <02/, 0r 2<h=02b,) the impact pressure on
vertical and inclined tank surfaces shall not be taken less than:

pi=142 pgyk i, sin? 5 (KN/m?)
on transverse bulkheads up to a heightof 0.2/
p,=15pgyb, sin? § (KN/m?)
on longitudinal bulkheads up to a height of 0.2 b,

The impact pressure may be reduced to zero 1 metre above the
heights given, see Fig 7.

In tank corners at outermost side of transverse bulkheads the
impact pressure within 0.15 b, shall not be taken smaller than:

p; (longitudinally) + 0.4 p; (transversely)
If the tank is arranged with a horizontal stringer within the

heighth <<0.2 [, or h = 0.2 b, a reflected impact pressure of the
same magnitude as on adjacent transverse or longitudinal bulk-
head shall be used on the under side of the stringer panel.

[, and b, are free sloshing length and breadth in m at height
considered, as given in 306.

k = 1forL <200
= 14-0002L for L = 200
& = angle between the lower boundary panel and the honi-

zontal.

309 For tanks with upper panels higher than L/20 m above
lowest seagoing waterlne the sloshing and impact pressures
given in 306 and 307 shall be multiplied by the following mag-
nification factors:

1 + 6 z./L for longifudinal sloshing
1+ 7.5 z, GM/B? for transverse sloshing
1+ 18 z,/L for longitudinal impact

1+ 17.5 z, GM/B? for transverse impact

z, = ;—1.-L720(m)
z, = distance from baseline to panel consider (m)
Ty = lowest seagoing draught (m)

0.0 T may normally be used.

310 For tanks with smooth boundaries (no internal structural
members) with tank bottom higher than the D/2. the low filling
impact pressure as given in 308 shall be multiplied by the fol-
lowing magnification factor:

(1+5)

in longitudinal direction

Foo2z.g02 L
lt\l + b—'} in transverse direction
5
¢ and ¢ = pitch and rolling angle given in B400 and B500
z; = distance from panel considered to D/2 inm.
C 400 Drvy cargoes, stores, equipment and accommoda-

tion
401 The pressure on inner bottom, decks or hatch covers
shall be taken as:

p=plg+052)H (Nm?)

a, = as givenin B600
H stowage height inm_

Standard values of o and H are given in Table C1.

If decks (excluding inner bottom) or hatch covers are designed
for cargo loads heavier than the standard loads given in Table
C1 the notation DK(+) or HA(+) respectn-el} will be as-
signed. The design cargo load in t/m? will be given for each in-
dividual cargo space in the appendix fo the classification
certificate.

402 When the weather deck or weather deck hatch covers are
designed fo carry deck cargo the pressure is in general to be
taken as the greater of p according to 201 and 401.

In case the design stowage height of weather deck cargo is
smaller than 2.3 m. combination of loads may be required after
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special consideration.

Table C1 Standard load parameters.

Decks FParameters
0 H
Sheltered deck, vertical distance in m from the
sheltered hatch ) load point to the deck above.
covers and inner | 0.7 tm3 I} | For load points below hatch-
bottom for cargo ways H shall be measured to
orf stores the top of coaming.
2H

1.0 t/m? for L=100 m
Weather deck and | 1.3 t/m” for L > 150 m at superstructure deck.
weather deck 1.75 t'm- for L > 150 m at freeboard deck.
hatch covers in- | For vessels corre: ing to
tended for cargo  [100m <L < 150 m. the standard value

of o H 1s obtained by linear interpolation.
Platform deck in 1.6 tm?
machinery space b
A datio 0.35 t/mZ, when not directly calenlated, includ-
d:cclfnmm % |ing deck’s own mass.

* Mininmm 0.25 tm?.

1) IfIH for cargo spaces exceeds the total cargo capacity of the vessel,
0 may be reduced after special consideration in accordance with spec-
1fied maximmum allowable load for indrridual decks. When the deck’s
own mass exceeds 10% of the specified maxmum allowable loads, the
OH shall not be taken less than the combined load of deck mass and

mawimum allowable dack load.

403 The pressure from bulk cargoes on sloping and vertical
sides and bulkheads shall be taken as:

p=p(g+052)Kh, (KN/m?)

K = sin’o tan? (45-056 )+cos? @

@ = angle between panel in question and the horizontal
plane in degrees

a, = as given in B600

§ = angle of repose of cargo in degrees. not to be taken

greater than 20 degrees for light bulk cargo (grain etc).
and not greater than 35 degrees for heavy bulk cargo
(ore)

h. = wvertical distance in m from the load point to the highest

point of the hold including hatchway in general. For
sloping and vertical sides and bulkheads, h, may be
measured to deck level only. unless the hatch coaming
is in line with or close to the panel considered.

C 500 Deck cargo units. Deck equipment

501 The forces acting on supporfing structures and securing
systems for heavy units of cargo, equipment or structural com-
ponents (including cargo loads on hatch covers) are normally
to be taken as:

— wertical force alone: Py = (g, + 0.5a,) M (kN)

— vertical force in combination with transverse force:
Pyc=gM (kN)

— transverse force in combination with vertical force:
Prc=067aM (kN)

— vertical force in combination with longitudinal force:
Pyc=(g,+05a)M (kN).

acting downwards at vessels ends together with downward
pitch, acting in 60% - 90° phasing with Py amidships.
where heave part of Py is prevailing

— longitudinal force in combination with vertical force:Py ¢
=067 M (kN)

M = massof unitint
a, =as givenin B600
a; = asgivenm B700
a; = as given in B800

— P and Py ¢ may be regarded as not acting simultaneous-
Iv. except when the stress oy C = 0.6 &pe, in which case
G + 0.4 opc shall be substituted for & .

502 Regarding forces acting on cargo containers, their sup-
ports and lashing systems. reference 1s made to Pt.5 Ch2
Sec.0.
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SECTION 5
LONGITUDINAL STRENGTH

A. General

A 100

101 In this section the requirements regarding the longitudi-
nal hull girder scantlings with respect to bending and shear are
given.

102 The wave bending moments and shear forces are gmen
as the design values with a probability of exceedance of 10 -8

These values are applied when determining the section moclu—
lus and the shear area of the hull girder and in connection with
control of buckling and ultimate strength. Reduced values will
have to be used when considering combined local and longitu-
dinal stresses in local elements, see B204.

103 The buckling strength of longitudinal members is not
covered by this section. Requirements for such control are giv-
enin Sec.13.

104 For ships with small block coefficient. hugh speed and
large flare the hull girder buckling strength in the forebody
may have to be specially considered based on the distribution
of still water and vertical wave bending moments indicated in
B100 and B200 respectively. In particular this applies to ships
with length L = 120 m and speed V = 17 knots.

105  For narrow beam ships the combined effects of vertical
and honizontal bending of the hull girder may have to be spe-
cially considered as indicated i C300.

106 For ships with large deck openings (total width of hatch
openings in one transverse section exceeding 65% of the ship's
breadth or length of hatch opening exceeding 75% of hold
length) the longitudinal strength including torsion may be re-
quired to be considered as given in Pt.5 Ch 2 Sec.6 B200. For
ships with block coefficient Cg < 0.7 the longitudinallocal
strength outside of the midship region may, subject to special
consideration in each case, be taken according to Pt.5 Ch.2
Sec.0 B.

107 In addition to the limitations given in 104 to 106, special
considerations will be given to vessels with the following pro-
portions:

LB=5

BD=z=25.
A 200 Definitions
201 Symbols:

Introduction

Iy = moment of inertia in cm* about the transverse neu-
tral axis

I = moment of inertia in cm* about the vertical neutral
axis

Cy; = wave coefficient as given 1.n Sec4B

Sy = first moment of area in cm? of the longitudinal ma-
tertal above or below the horizontal neutral axis.
taken about this axis

Zn = vertical distance in m from the baseline or deckline
to the neutral axis of the hull girder, whichever is
relevant

z, = vertical distance in m from the baseline or deckline
to the point in question below or above the neutral
axis, respectively

Mg = design stillwater bending moment in kNm as given
in B100

Qg = design stillwater shear force in kN as given in B100

My = g.g% Owave bending moment in kNm as given in

Qu = mle wave shear force in kN as given in B200

My = mle wave bending moment about the vertical axis as
given in B205

M 1 = mle wave torsional moment as given in B206.

202 Terms:

Effective longitudinal bulkhead is a bulkhead extending from
bottom to deck and which is connected to the ship's side by
transverse bulkheads both forward and aft.

Loading manual 1s a document which describes:

— the loading condifions on which the design of the ship has
been based. including permissible limits of still water
bending moment and shear force and shear force correc-
tion values and, where applicable, Fenmssﬂ}]e limits relat-
ed to still water torsional moment ¥ and lateral loads

— the results of calculations of still water bending moments,
shear forces and still water forsional moments if unsym-
metrical loading conditions with respect to the ships cen-
treline

— the allowable local loadings for the structure (hatch cov-
ers. decks. double boftom. etc ).

1)  Pemussible torsional still water moment boats are generally applicable
for ships with large deck openings as given in 106 and class notation
CONTAINER or Container Carrier.

For bulk carriers of 150 m in length and above, additional re-
quirements as given in Pt.5 Ch.2 Sec.5 A also apply.

A Loading computer system 1s a system, which unless stated
otherwise is digital, by means of which it can be easily and
quickly ascertained that, at specified read-out points, the still
water bending moments. shear forces, and the still water tor-
sional moments and lateral loads, where applicable. in any load
or ballast condition will not exceed the specified permissible
values.

Guidance note:

The term "Loading computer system” covers the term "Loading
instroment” as commonly used in IACS UR 51,

—-e-n-d-—of—G-u-1-d-a-n-c-2-—--n-o-t-e—

An operation manual is always to be provided for the loading
imnstrument. Single point loading instruments are not accepta-
ble.

Category I ships. Ships with large deck openings where com-
bined stresses due to vertical and honzontal hull girder bend-
ing and torsional and lateral loads have to be considered.
Ships liable fo carry non-homogeneous loadings, where the
cargo and or ballast may be unevenly distributed. Ships less
than 120 m in length, when their design takes into account un-
even distribution of cargo or ballast. belong to Category I

Chemical tankers and gas carriers.

Category II Ships. Ships with arrangement giving small possi-
bilities for variation in the distribution of cargo and ballast. and
ships on regular and fixed trading pattern where the Loading

Manual gives sufficient guidance. and in addifion the excep-
tion given under Category L.

B. still Water and Wave Induced Hull Girder
Bending Moments and Shear Forces
B 100 Stillwater conditions

101 The design stillwater bending moments, Mg, and still-
water shear forces, Qg. shall be calculated along the ship length

DET NORSKE VERITAS



Amended,
see Pt0 Ch.1 Sec.3, January 2005

Rules for Shié}&, January 2004
Pt3 Ch.1 Sec5 — Page 37

for design cargo and ballast loading conditions as specified in
102.

For these calculations, downward loads are assumed to be tak-
en as positive values, and shall be integrated in the forward di-

rection from the aft end of L. The sign conventions of Qg and
Mg are as shown in Fig.1.

(IACSUR. S11.2.1.1 Rev.3)

AFT

FORE

o

M-

+
-

Fig. 1
Sign Conventions of Qg and Mg

102 In general the following design cargo and ballast load-
ing conditions, based on amount of bunker, fresh water and
stores at departure and arrival, shall be considered for the Mg
and Qx, calculations. Where the amount and disposition of con-
sumables at any intermediate stage of the voyage are consid-
ered more severe. calculations for such intermediate
conditions shall be submitted in addition fo those for departure
and arrival conditions. Also, where any ballasting and or de-
ballasting i1s intended during voyage, calculations of the inter-
mediate condition just before and just after ballasting and or
deballasting any ballast tank shall be submuitted and where ap-
proved included in the loading manual for guidance.

Cargo ships, container carriers, roll-on/roll-off and refriger-
ated carriers, ore carriers and bulk carriers:

— homogenous loading conditions at maximum draught

— ballast conditions

— special loading conditions, e g. container or light load con-
ditions at less than the maximum dranght. heavy cargo.
empty holds or non-homogenous cargo conditions, deck
cargo conditions, etc. where applicable

— docking condition afloat

— for vessels with BC-A, BC-B, BC-C or BC-B* notation,
loading conditions as specified in Pt.5 Ch.2 Sec.5 A107 to
Al10 and A112 to A114.

Qil tankers:

— homogenous loading conditions (excluding drv and clean
ballast tanks) and ballast or part-loaded conditions

— any specified non-uniform distribution of loading

— mid-voyage conditions relating to fank cleaning or other
operations where these differ significantly from the ballast
condifions

— docking condition afloat

— for oil carriers complying with the requirements for the
segregated ballast tanks as stipulated in Pt.5 Ch.3 Sec 3 B,
the ballast conditions shall in addition fo the segregated
ballast condifion include one or more relevant conditions
with additional ballast in cargo tanks.

Chemical and product tankers:

— conditions as specified for o1l fankers
— conditions for high density or segregated cargo where
these are included in the approved cargo list.

Liguefied gas carriers:

— homogenous loading conditions for all approved cargoes

— ballast condifions

— cargo condition where one or more tanks are empty or par-
tially filled or where more than one type of cargo having
significantly different densities is carred

— harbour condifion for which an increased vapour pressure
has been approved

— docking condition afloat.

Combination carriers:
— conditions as spectfied for o1l tankers and cargo ships.

For smaller ships the stillwater bending moments and shear
forces may have to be calculated for ballast and particular non-
homeogeneous load conditions after special considerations.

Also short voyage or harbour conditions including loading and
unloading transitory conditions shall be checked where appli-
cable.

Guidance note:

It is advised that the ballast conditions determining the scantlings
are based on the filling of ballast in as few carge tanks as practi-
cable, and it 15 important that the conditions will allow cleaning
of all cargo tanks with the least possible shifting.

—e-n-d---of-—-G-u-1-d-a-n-c-e—n-o-te—

(IACS UR.S11.2.1.2 Rev.3).

103 Ballast loading conditions invelving partially filled peak
and or other ballast tanks at deparfure, arrival or during inter-
mediate conditions are not permitted o be used as design con-
ditions unless:

— design stress limits are satisfied for all filling levels be-
tween empty and full and

— for bulk carriers, Pt.5 Ch 2 Sec 8 C, as applicable, 1s com-
plied with for all filling levels between empty and full.

However, for the purpose of design, it will be acceptable if in
each condifion at departure, arnval and. where required by
102, any intermediate condition, the tanks intended to be par-
tially filled are assumed to be empty and full In addition. the
specified partly filled level in the intended condition shall be
considered.

(IACSUR S11.2.1.3 Rev.3)
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104  In cargo loading condifions. the requirements given in
103 applies to peak tanks only.

(IACSUR 511.2.1.4 Rev.3)

105 The design stillwater bending moments amidships (sag-
ging and hogging) are normally not to be taken less than:

Mg =Mz (KNm)

Mgg = —0.065 Cyy L2 B (Cg+0.7) (kNm) in sagging
= CyyLl?B(0.1225-0.015 Cg) (kNm) in hogging
Cyu = Gy for unrestricted service.

Larger values of Mgg based on cargo and ballast conditions
shall be applied when relevant. see 102.

For ships with arrangement giving small possibilities for vari-
ation of the distribution of cargo and ballast. Mg may be dis-
pensed with as design basis.

106 When required in connection with stress analysis or
buckling control, the stillwater bending moments at arbitrary
posifions along the length of the ship are normally not to be
taken less than:

Mg =k Mg (KNm)
Mg

S

as given in 103

1.0 within 0.4 L amidships
015at0.1 L from AP or FP.
00atAP andFP.

Between specified positions k., shall be varied linearly.
Values of k.,,, may also be obtained from Fig 2.

Ksm
b
110 T
08
| I A
06
; NE
04 1
JaN , A

Fig. 2
Stillwater bending moment

The extent of the constant design bending moments amidships
may be adjusted after special consideration.

107 The design values of stillwater shear forces along the
length of the ship are normally not to be taken less than:

Qy=k, Q5o (kN)
_ Mg
Qgo = 3T (KN)

Mg = design stillwater bending moments (sagging or hog-
ging) given in 103.
Larger values of Qg based on load conditions (Qg =
Qg ) shall be applied when relevant, see 102. For ships
with arrangement giving small possibilities for vana-
tion in the distribufion of cargo and ballast, Qg may
be dispensed with as design basis

k., =0atAP andFP

1.0 between 0.15 L and 0.3 L from A P.
0.8 between 0.4 L and 0.6 L from A P.
1.0 between 0.7 L and 0.85 L from AP.

Between specified positions k., shall be varied linearly.

Sign convention to be applied:

— when sagging condition positive in forebody, negative in
afterbody

— when hogging condition negative in forebody, positive in
afterbody.

B200 Wave load conditions

201 The rule vertical wave bending moments amidships are
given by:

L‘I“.' = Mwo (]L\Im)

My = —0.11 aCyL2B (Cg+0.7) (kKNm) in sagging
= 019 ¢ Cy L2B C g (KNm) in hogging
o = 1.0 for seagoing conditions
= 0.5 for harbour and sheltered water conditions (en-
closed fjords, lakes. rivers).
Cg 1s not be taken less than 0.6.
202 When required in connection with stress analysis or

buckling control. the wave bending moments at arbifrary posi-
tions along the length of the ship are normally not to be taken
less than:

My =Ky Mg (KNm)

= asgivenin 201
ko m = 10between040L and 0.65L from A P.
= 00atAP andFP.

For ships with high speed and or large flare in the forebody the
adjustments fo k,, as given in Table B1, limited to the control
for buckling as given in Sec.13, apply.

Table Bl Adjustments to kg
Load Saeei . .
condition agging and hogging Sagging only
Cyr | 2028 [ z0321)
Cup <040 =050
1.2 between 1.2 between
N 048L and N 048 L and
o o 0651 o 0651
adjust- from AP adjust- from A P
met | goatFp. | T | 0patFP
and A F. and AP.
1) Adjustment for Cay not to be applied when Cap = 0.50.
c V
Cuy = —=
AV T
C.e = &V, Apg—Awp
AF T —
o L Lz
/L ]
c, = ”‘.—L ., maximum 0.2
50
A pg = projected area in the horizontal plane of upper deck
(including any forecastle deck) forward of 0.2 L
fromFP.
A gp = area of waterplane forward of 0.2 L from FP. at
draught T
Zf = vertical distance from summer load waterline to
deckline measured at F.P.

Between specified Cy-values and positions k ., shall be var-
ied linearly. Values of k ;,, may also be obtained from Fig 3.
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Fig. 3

Wave bending moment distribution

203 The mle values of vertical wave shear forces along the
length of the ship are given by:

Posttive shear force. to be used when positive still water shear
force:

Q WP~ 03 lﬂknqp C“,Y LB(C B+ 0?) [:k_\I)
Negative shear force, to be used when negative still water
shear force:

Qun=-03 flyyp Cw LB (C+07) (KN)
Posttive shear force when there 1s a surplus of buoyancy for-
ward of section considered. see also Fig.1.

Negative shear force when there 1s a surplus of weight forward
of section considered.

il 1.0 for seagoing conditions

0.5 for harbour and sheltered water conditions (en-
closed fjords, lakes, rivers)

OatAP andFP.

1.59 Cg/(Cg + 0.7) between 0.2 L and 0.3 L from
AP

Kyvap

0.7between 04 L and 0.6 L from AP.

1.0 between 0.7 L and 0.85 L from A P.

DatAP and FP.

092 between 02 L and 0.3 L from A P.

0.7 between 04 L and 0.6 L from A P.

i]; Cg/(Cg + 0.7) between 0.7 L and 0.85 L from

k'qu

Cw as given in 201.
For ships with high speed and or large flare in the forebody, the

adjustments given in Table B2 apply.
Table Bl Adjustments to kg
Load Sagging and hoggin, Sagging enly
condition gging gEing EEMNg
Cay [=028 =032 1)
Car =040 > 0.50
1.0 aft of 1.0 aft of
0.6 L from 0.6 L from
o AP AP
TPV | 10 | 12between | L0 | 12berween
iq 0.7L and 0.7L and
085L 085L
from AP. from AP
1) Adjustment for C gy not to be apphied whenC g = 0.50.

C py = as defined in 202
C A = as defined in 202.

Between specified positions k,,, shall be varied linearly. Val-

ues of k., may also be obtained from Fig4.

kww"
1.0

.

=
~
e

0.0 0.2 03 03 06 07 085 10

oo 02 03 04 068 o7
AF. F.P.

Fig. 4
Warve shear force distribution

204 When hull girder stresses due to wave loads are com-
bined with local stresses in girder systems, stiffeners and plat-
ing in accordance with Sec.12, the wave bending moments and
shear forces may be reduced as follows:

Myg =0.59 My

Qur =059 Qu
205 The mule horizontal wave bending moments along the
length of the ship are given by:
M g =0221%4 (T + 0.3 B) Cg (1 —cos (360 =L )) (kKNm)

x = distance in m from A P to section considered.

206 The rule wave torsional moments along the length of the
ship due to the horizontal wave- and inertia forces and the ro-
tational wave- and merfia moment loads are given by:

M wWT = K T1 LS."4 ICI- +03 B) CB ze
+K LY B2 Copp (KNm)

K1, = 1.40sin (360 x1)

K1z = 013 (1 -cos (360 /L))

Cswp = Ayp/(LB) o

A wp = water plane area of vessel in m- at draught T

zZ, = distance in m from the shear centre of the midship
section to a level 0.7 T above the base line

X = distance in m from A P. to section considered.

C. Bending Strength and Stiffness

C 100 Midship section particulars

101 When calculating the moment of inertia and section
modulus, the effective sectional area of continuous longitudi-
nal strength members is in general the net area after deduction
for openings as given in E.

The effective sectional area of strength members between
hatch openings in ships with twin or friple hatchways shall be
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taken as the net area multiplied by a factor 0.6 unless a higher
factor 1s justified by direct calculations.

Superstructures which do not form a strength deck shall not be
included 1n the net section. This applies also to deckhouses.
bulwarks and non-continuous hatch side coamings.

For definifion of strength deck. see Sec.1 B205.

102 The rule section modulus generally refers to the baseline
and the deckline.

103 Continnous trunks, longitudinal hatch coamings and
above deck longitudinal girders shall be included in the longi-
tudinal sectional area provided they are effectively supported
by longitudinal bulkheads or deep girders. The deck modulus
is then to be calculated by dividing the moment of inertia by
the following distance, provided this 15 greater than the dis-
tance to the deck line at side:

z= (zn+za}[0_9+0_2 %] minimum z,

v, = distance inm from the centre line of the ship to the side
of the strength member.

v, and z, shall be measured to the point giving the largest value
of z.

104 The main strength members included in the hull section
modulus calculation shall extend continuously through the car-
go region and sufficiently far towards the ends of the ship.

105 Longitudinal bulkheads shall terminate at an effective
transverse bulkhead, and large transition brackets shall be fit-
ted in line with the longitidinal bulkheads.

C 200 Extent of high strength steel (HS-steel)

201 The vertical extent of HS-steel used in deck or bottom
shall not be less than:

f; = stress factor, for the bottom given in Sec.6 and for the
deck in Sec.8

material factor (general symbol f;) for the members lo-
cated more than z,, from deck or bottom. see Fig.5.

il
I

STRESS FACTOR IN DECK (ORBOTTOM) = 1,

ZH.I HS-STEEL ) 1751,

STEEL WITH
MATERIAL &
FACTOR = 1,

NEUTRAL AXIS

Fig. 5
Vertical extent of HS-steel

For narrow beam ships the vertical extent of HS-steel may
have to be increased after special consideration.

202 The longitudinal extent of HS-steel used in deck or bot-
tom shall not be less than x;. as indicated in Fig 6.

AH3 | minimum }

NS

£HS [ general )

NS

04L

AP. F.P.

Fig. 6
Longitudinal extent of HS-steel

¥, (minimum) implies that the midship scantlings shall be
maintained outside 0.4 L amidships to a point where the scant-
lings equal those of an identical ship built of normal strength
steel over the full length. %, (general) implies that the scant-
lings outside 0.4 L may be gradually reduced as if HS-steel was
used over the full length. Where material strength group
changes, however, continuity in scantlings shall be main-
tained.

C 300

301 The requirements given in 302 and 303 will normally be
satisfied when calculated for the midship section only, provid-
ed the following rules for tapering are complied with:

Section modulus

a) Scantlings of all continuous longitudinal strength mem-
bers shall be maintained within 0.4 L amidships.

In special cases. based on consideration of type of ship.
hull form and loading conditions, the scantlings may be
gradually reduced towards the ends of the 0.4 L amidship
part, bearing in mind the desire not to inhibit the vessel's
loading flexibility.

b) Scantlings outside 0.4 L amidships are gradually reduced
to the local requirements at the ends, and the same material
strength group is applied over the full length of the ship.

The section modulus at other positions along the length of the
ship may have to be specially considered for ships with small
block coefficient, high speed and large flare in the forebody or
when considered necessary due to structural arrangement, see
AlD6.

In particular this applies to ships of length L = 120 m and speed
V =17 knots.

302 The midship section modulus about the transverse neu-
tral axis shall not be less than:

CWD

2 3
: L" B(Cz+07) (cm)

Zo =

10.75— [ (300—L)/100 13?2 for L =300
1075 for 300 <L <350
10.75— [ (L—350)/150 13?2 for L >3350

Values of Cyyg are also given in Table C1.

Cwo =
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Cg is in this case not to be taken less than 0.60.

1.15 for fully coated tanks and fuel tanks
1.28 for dry cargo holds and void spaces

Laeck midship section modulus in cm? at deck as built

Lhottom midship section modulus in cm® at bottom as
built

My hog = the rule verfical wave hogging bending moment
amidship, as defined in B201

My; sag = the rule vertical wave sagging bending moment

amidship, as defined n B201.
Stress concentration factors for scallops are givenin Table C2.

Table C1 Values for Cygq
L Cwo L Cwo L Cwo
160 9.09 260 10.50
170 927 280 10.66
180 0944 300 10.75
190 9.60 350 10.75
100 792 200 975 370 10.70
110 814 210 9.90 350 10.61
120 834 220 10.03 410 10.50
130 833 230 10.16 440 10.29
140 873 240 10.29 470 10.03
150 891 250 10.40 S0 9.75

For ships with restricted service, Cyyg may be reduced as fol-
lows:

— service area notation RO No reduction
— service area notation R1: 5%

— service area notation R2: 10%

— service area notation R3: 13%

— service area notation R4: 20%

— service area notation RE: 25%.

303 The section modulus requirements about the transverse
nentral axis based on cargo and ballast conditions are given by:
M. + M,
5 W 3 3
Zg= T| 10 {em™)
I

175 f; N'mm? within 0.4 L amidship

o o W
125 f; N'mm- within 0.1 L from AP. or F.P.

Between specified positions o; shall be varied linearly.

304 The midship section modulus about the vertical neutral
axis (centre line) 15 normally not to be less than:

£,

The above requirement may be disregarded provided the com-
bined effects of vertical and horizontal bending stresses at
bilge and deck corners are proved to be within 195 f] N/mm?_

The combined effect may be taken as:

Zog = 2 L74T+03B)Cg  (em))
1

[_2 2
(Fs + ’“I GW + GWII
o, = stress due to Mg
g, = stress due to My,
O .y, = stress due to My. the horizontal wave bending mo-
ment as given in B205.

305 The stress concentration factor due to fatigue control of
scallops e.g. in way of block joints shall not be greater than:

- for scallops in deck

K = 93 Lgack
g2 240 {MW, hog ~ Mw: . ag)

- for scallops in bottom

o, Z

K, = 4
B2 240 (My,

bottom

- Mw:

hog sag)

a3 = permissible single amplitude dynamic stress in
(N/mm=)
= 110 c, in general
c = 1.0 for uncoated cargo and ballast tanks

Table CI Stress concentration factors KE for scallops
Structure Foint 4 Point B
2R
S —
T
N
5 167 12
1 SN i | —
- m -
’ 8 1.13 12
< E
4R
\ 7 R
- A I |
— 1.07 12
'{L =
RN
For seallops without fransverse welds, the E-factor 2t B will be zoverming for
the desizn

C 400 Moment of inertia

401 The midship section moment of inertia about the trans-
verse neutral axis shall not be less than:

I=3CyL3B(Cg+07) (cm?)

D. Shear Strength

D100 General

101 The shear stress in ship's sides and longitudinal bulk-
heads shall not exceed 110 f; N/mm-<. In addition the plate pan-
els shall be checked for adequate shear and combined buckling
strength as ountlined in Sec.13 B300 and B300.

102 The thickness requirements given below apply unless
smaller values are proved satisfactory by an accepted method
of direct stress calculation, including a shear flow calculation
and a calculation of bottom load distribution.

Acceptable calculation methods are outlined in Classification
Notes on «Strength Analysis of Hull Structures» for various
ship types.

103 The thickness requirements for side shell (or combined
thickness of inner and outer shell when double skin) and pos-
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Sectional Properties of Steel Sections for Shi

<Sectional properties including attached plate >
(Base plate dimension : byxt, = 420 x 8)

bﬁl_ﬁﬁ 5
g,
ty

= breadth of plate (mm)
= thickness of plate (mm)

) 4= Area including platefcm?)
Z = Section modulus including plate
e N e d I="Iiuro|£1&nt of inertia of area
!‘ﬂﬂw \ including plateicm?)

= | s 9 11 127 | 14
A 3.00 4.5 5.50 6.35 7.00
50 | Z 5,05 8.81 108 12.1 13.3
I 31.z 44.5 53.0 59.7 52
A 3.90 5.85 715 8.26 g.10
85 | Z 9.65 14.0 16.8 19.3 zl.1l
I B2.3 38.8 105 119 129
A 4,50 6,75 3.25 963 10.5
7|z 12.3 18.1 21.8 25.0 7.3
I 91.4 130 154 174 139
A 5.40 8,10 9.90 11.4 12.6
90 | Z 17.2 25.3 30.5 34.8 38.0
I 150 214 252 284 307
A 6.00 9.00 11.0 127 14.0
00 |z 20.9 30.8 37.0 42.2 46.1
I 200 284 335 376 407
A 7.50 11.3 13.8 15.9 175
125 |z 31.7 4.4 56.8 53,6 89.5
I 370 52l 512 585 738
A 900 185[ 165| 191 | Zl0
150 | Z 447 65.2 8.3 29.1| 1 97.2
I 614 856 1000 1120 1200

DemdUAEY", H 4T (220), E2TA

p Building ¥

ZHHB|, 1096

4 Lz 16 19 2e 264 28 32 35 38
A 32.0 33,0 4403 50.8 56.0 g4.0 T0.0 TB.0
200 Z 215 pasye] 05 359 401 469 521 576
I 3900 4730 5600 BG40 7480 2790 9230 | 10900
A 40.0 475 550 63.5 70.0 80.0 87.5 5.0
250 Z 325 390 453 536 597 £94 769 45
I 7120 8800 | 10100 | 11900 | 123400 | 15800 | 17400 | 19200
A 48.0 57.0 66,0 T6.2 4.0 96.0 1050 114.0
300 Z 455 546 639 746 829 961 1080 1160
[ 11700 | 14000 | 18500 | 19300 | 21800 | 25100 27800 | 30700
A 56.0 66.5 7.0 88.9 48.0 112.0 1225 133.0
360 Z 606 Te6 47 983 1100 1270 1400 1530
[ 17700 | 21200 | 24800 | 29100 | 32400 | 37800 41600 | 45700
A 64.0 TB.0 83.0 101.6 112.0 128.0 140.0 | 152.0
400 Z T 928 1080 1260 1400 1610 17380 1940
[ 25300 | 30300 | 35400 | 41400 46000 | 53300 | 58900 | 64800
A TE.0 5.5 99,0 114.3 128.0 144.0 1575 171.0
450 Z 65 1150 1340 1560 1730 2000 Zz00 2400
[ 34700 | 41500 | 48500 | 56500 | 82800 | 72600 | 80100 | 87700
A 80.0 45,0 1100 127.0 140.0 160.0 175.0 | 190.0
500 Z 1170 1400 1630 | 18907 2100 2420 ZB60 2900
[ 46000 | 55000 | 84200 4700 | 82800 | 95700 | 10500 | 11500
A= 42%0.8 + 1514 = 21 [cmd]
_ 3
A = e 323145

Zgottom = 97.2 [em?]

Sectional Properties of Steel Sections for Ship Building ¥

< Sectional Properties of Steel Sections including attached plate>
- Use the standard dimension of plate depending on “a” (b, < t,) => (as75 : 420 <8, 75<a<150 : 61010, 150za : 610 15)

DeEMEAEET M 4T (220D, 2

Dimension Area Including plate
Symbol a ‘ b I ty ‘ to ‘ ry ‘ s A I Z
Unit mm cm? cmt cm?
Tnequal Angle L —E
200 90 9 14 14 7.0 29.66 5§70 340
250 90 10 15 17 8.5 37.47 10300 454
250 a0 12 18 17 8.5 47,95 11000 540
300 elo] 1 16 19 9.5 48.22 16400 681
300 an 13 17 19 9.5 52.87 17600 743
400 100 115 18 24 12 51.09 34200 1120
400 100 13 18 24 12 58.59 36700 1230
450 125 115 18 24 12 73,11 51200 1570
450 150 11.5 15 24 1z 73.45 51700 1590
500 150 115 18 24 12 83.6 70400 zZ0z0
550 150 12 zl 24 12 95.91 93300 Z5z0
BOO 150 125 23 24 12 107.6 118000 3000
Channels E f
150 75 B.5 10 10 5 23.71 2180 154
200 a0 8 13.5 14 7 38.85 5650 322
250 a0 9 13 14 7 44,07 9420 439
250 90 11 14.5 17 8.5 51.17 10500 439
300 a0 9 13 14 7 48,57 14300 587
300 a0 10 15.5 19 4.5 55.74 16000 646
300 90 12 16 19 9.5 651.90 18900 B33
330 100 10.5 18 18 9 59.39 294900 989
380 100 13 20 24 12 85,71 344900 1190
Bulb flats | T
180 32,5 9.5 - 7 2z 21.08 2860 172
} 200 36.5 10 - 8 2 25.23 4180 231
] 230 41 11 - 9 2 31.98 BB10 330
i ' 250 a5 12 - 10 z 38.13 3960 424

s
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