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For technical background for Rule Changes in this present document, reference is made to
separate document Technical Background for Rule Change Notice No.1.

CHAPTER 5 - HULL GIRDER STRENGTH

APPENDIX 1 HULL GIRDER ULTIMATE STRENGTH

2.  Criteria for the calculation of the curve M-y

22  Load-end shortening curve c-¢

224 Beam column buckling

The equation describing the load-end shortening curve ocx;-¢ for the beam column buckling of ordinary
stiffeners composing the hull girder transverse section is to be obtained from the following formula (see Fig 3):
Ag, +10b,t,

Ocpy = POy
Ag,, +10st,

where:
@ : Edge function defined in [2.2.3]
Asur : Net sectional area of the stiffener, in cm? without attached plating
oc1 . Critical stress, in N/mm?, equal to:
R
o1 =Zan for oy <—4L g
& 2
®R R, & R
= £ on =R, 1= for oy >—4L g
£ . Relative strain defined in [2.2.3]
o : Euler column buckling stress, in N/mm?, equal to:
1
Op = ﬂzE—Ez 107
Agl

Iz . Net moment of inertia of ordinary stiffeners, in cm*, with attached shell plating of width b4
br . Effective width, in m, of the attached shell plating, equal to:

by =— for B, >1.0

El1— E '
Be
bgi=s for gz <1.0
R

By =108 Een

t) E
Ag : Net sectional area, in cm?, of ordinary stiffeners with attached shell plating of width b
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bg . Effective width, in m, of the attached shell plating, equal to:
by = 225—% s for fp >1.25
Pe  pg
bp=s for By <1.25

2.2.5 Torsional buckling
The equation describing the load-end shortening curve ocgo-¢ for the flexural-torsional buckling of ordinary

stiffeners composing the hull girder transverse section is to be obtained according to the following formula (see
Fig 4).

Agyr 0o +10st ,0p

Ocr2 =
Ay, +10st,
where:
@ . Edge function defined in [2.2.3]
Asur : Net sectional area of the stiffener, in cm? without attached plating
oc2 . Critical stress, in N/mm?, equal to:
R
£ 2
®R R, & R
= ¥/ ey =R, |1-—— for oy >—4Lg
OF2 4o, 2
Ok2 . Euler torsional buckling stress, in N/mm? defined in Ch 6, Sec 3, [4.3]
£ . Relative strain defined in [2.2.3]
ocp : Buckling stress of the attached plating, in N/mm?, equal to:
225 1.25
Ocp=| — " Ry for B, >1.25
( Be B ]
ocp =R,y for g <1.25
i . Coefficient defined in [2.2.4]

2.2.7 Web local buckling of ordinary stiffeners made of flat bars
The equation describing the load-end shortening curve ocps-£ for the web local buckling of flat bar ordinary

stiffeners composing the hull girder transverse section is to be obtained from the following formula (see Fig 5):

10st,0p + Agy O ¢y

Tera = Agyr +10st,

where:

@ . Edge function defined in [2.2.3]

Asyr 1 Netsectional area of the stiffener, in cm?, without attached plating
Ocp : Buckling stress of the attached plating, in N/mm?, defined in [2.2.5]

PAGE3 OF 4



RULE CHANGE NOTICE No. 1 (Nov 2007) COMMON STRUCTURAL RULES FOR BULK CARRIERS

Oca . Critical stress, in N/mm?, equal to:
R
Oca =Jes for o, <4 ¢
& 2
@R R, & R
i Oy =R, |1-—— for opy >4 g
40_54 4O-E4 2
o) . Local Euler buckling stress, in N/mm?, equal to:

2
Opa = 160000[;—WJ

w

£ . Relative strain defined in [2.2.3].

2.2.8 Plate buckling
The equation describing the load-end shortening curve ocgs-¢ for the buckling of transversely stiffened panels

composing the hull girder transverse section is to be obtained from the following formula:

R, @
__ [ ¢ / 2]
Y CRS T i Re i L.LJ_J..LJ +0. 1_i 1+L
" fLﬁE ﬂ,%J lL EJL ﬂEJ
R, @
. 2
o =min
crs ok, 5[2.25_1.225}0.1(1_%[“%}
(\ Be P ¢ P
where:
@ : Edge function defined in [2.2.3].
i . Coefficient defined in [2.2.4].
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Technical Background for the Changes in:

Chapter 5/Appendix 1

1. Reason for the Rule Change:

The original formulae in Appendix 1 of Chapter 5 which are the determination of the
load-end shortening curve are some class Rules, however, some formulae is not consistent
with the assumption of the method adopted in CSR. This rule change proposal is made to fix
the inconsistency.

2. Explanation of the modified formula

2.1 Main assumptions of the method
The hull girder is treated as a beam subjected exclusively to bending, excluding shear. It
corresponds to the assumption of the cross section remaining plane during loading.
The method adopted uses the so-called "component approach” and is based on the following
simplifying assumptions:
e each cross section is made of an assembly of independent elements or components (plates and
stiffened plates),
e transverse cross-sections of the ship hull remain plane after deformation and perpendicular,
to the neutral surface, which enables to calculate for any curvature @ the strain € according to
the following formula : @ = ze (z distance from the element under consideration to the neutral
axis),
o collapse occurs for panels located between two adjacent transverse primary members,
elasto-plastic behaviour of each panel is determined under tension and compression;
o influence of shear stresses is neglected.

The method takes also advantage of the possibility to determine for each panel its load-end
shortening curve ocri-¢, as indicated hereafter.

2.2 Determination of the load-end shortening curve ocri-¢ - beam column buckling

The Euler column buckling stress is taken as:

El
o =7’ — 107
Al
where |,: moment of inertia, in cm?, of the stiffener with attached plating of width b.’ taken
as: b, = 1.125b <b
.
A : cross sectional area, in cmz, of the stiffener with an attached plating of width b, taken as:
b, = 22 L2 for 52125
ﬂe IBe b Gcl
PmiVE
b, =Db for p,<1.25 P

tp : thickness of attached plating
¢: span of stiffeners

Since the effective width b. of attached plating may be calculated for any strain level by considering
the generalized slenderness of plating £, (&) :
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b, (2) = [ 225 125 Jb for B.(£)>125
p.(&) B (&)
b.(g)=Db for p.(£)<1.25
the Euler column buckling stress can be expressed as:
- El.(s
oe (€)= w? —i(g)
A (e) 1
where |, = moment of inertia of the stiffener with attached plating of width b, (¢) taken
as
. — 1.125b
b, (¢)=——<b
e (&)

If we assume that the Johnson-Ostenfeld correction is applicable to any edge stress the
maximum stress that the stiffener with attached plate of width b, (¢) can sustain is:

amax(5)=[1— Ue_Jaﬁq)e(E)[l—q)e(E) UY_JUY P CNY:
4o (¢)

4oe (&) o,
- = Ok (2)
O max (6) = 0 (€) for <0.5
O-e
where @, (g) = Ze
Oy
- &
The ¢,(&) is defined as ¢, (¢) = e (%) , then the above formulae can be expressed as follows.
O max (E) =, (E) (1_ — J Oy for ¢, (E) >0.5
4 ¢, (&)
T (£) = () @ (¢) o for  ¢,(£)<05
where ¢, (¢) = o:(€)
o

e

For any relative strain & , the average stress o,, in the stiffener with attached plate of width
b, (¢) is given by
(A b8, )0, = (A +5,E) 1, o (e)

o = D, (&) A + B ()b, [1— L j o for  ¢,(5)>05
Asir +btp 4 4,(¢)
= = Astif+q)w(g)btp -
Oua _¢e(8) (De(g) Astif +btp Oy for ¢e (£)<05

CSR for Bulk Carriers, 0.y = ocr1 and oy = Rep, so the formulae are as follows:
At + @, (£) bt, (1_ 1 J R
= H
Agi +btp 4¢e(5) )

Oy = D, (€) for ¢,(£)>05
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- C+b (&)t c
Oers =D, (€) Aou ¥DEV () 0p R, for e g5
Ay +bt 4oe(e) O,
_ -+ b (e)t z
Ocry =D, () 0, Asm—e()p for %e(2) > 0.5
AStif + b tp O,
where o, =R, |1- Te _ and o, =R ¢
4o (e)
- L +b(e)t - R
Ocrs =D, (€) 0 A +0E)Yy for og(g)> ot
Agir +D t, 2
- _ R
where o, =R, 1—RL€_ for o:(g)> i
4o (e)
Ren . .
Therefore,  the  formula for o, for o> ) ¢ is  modified

o =Ry [1-=FE | from oy =R, [1--DRwf
4oe(e) 4o ()

The formula for o, for o, <

- — A +D, ()bt _
o = 0.(3) @,() BT o for  4,(z)<05
Ocr1 = GE(E) \ ( ) A‘S'A:b% Ren for O-E—(g)SOS

e Ue
Ocr1 = Oe (g) [0) ( ) M ReH for o. (E)S ReHg

Ry € A +bt,
b,(e)t _
Ocr1 = O-E(g) @ ( ) ASA-:% for o(e)< en &

- +be(5)t - _R¢
Ocrs = P (£) UC1% for oc(e)< 2H

p
where Oc :UE—(S) for og (¢) < en &
£

e Rew .
Therefore, the modification of formula for o, for o, < ?Hg is not necessary.

The proposed modification of the formula for the load-end shortening curve of torsional

buckling and web local buckling of ordinary stiffeners made of flat bars can be obtained by

the same manner mentioned above.
2.3 Determination of the load-end shortening curve ocri-¢ - plate buckling

The ultimate strength for plate panel element is approximated by the following formula.

to
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2
o —|D {2.25_1.225}0.1(1_9) [1+sz o,
a B b a Ps
b |o
h -
where /3, T\ E

As for transversely stiffened panels, the above equation can be generalised to any edge stress
o, according to:

O (6) =@, (6) 0, =@, (8) D, (&) 0y
here 0,)=2 (2222 )0 (18] (1L
a ﬂe({,‘) lge (‘9) a IBe (5)

5.6) = pule

o, = (I)e(g)O'y

In CSR for Bulk Carriers, Omax = 0crs and oy = Ret, a = £ and b = s, so the formula is as follows:

UCRS(E):(De(E) s ( 2'25 - 1'2§ J+0.1(1—§j [14—;}2 R
C\B.(e) Bie) 4 NG

In addition, ultimate strength of transversely stiffened panels is controlled by the yielding
stress of the material.

{Rqu)
Therefore, ogs is modified to oz = MInN {R ® s 2.25_1.25 +0]{1_§j 1+i 2
s B U 5
{Rqu)

. 2
f O~n: = MIN
rom Ocrsg {ReH 2(225_1225J+0]{1_§j[1+i2]

I\ Be B ' Pe

3. Impact on Scantling

3.1 The effect due to the modification of formula

At first, the investigation was carried out how this modification of the formula affects the
load-end shortening curve.

The load-shortening curve was calculated for the following stiffened panel and plate.
The material of all plates and stiffeners is HT32.

Type of stiffener | Angle T-Bar Flat Bar Plate

or plate

Size of stiffener | 250x90x10.0/15.0 | 350x11.0/100x17.0 | 300x17.0 -

Size of plate 2400x800x15.0 2400x800x15.0 2400x800x25.0 800x8000x15.0
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The Fig.1 shows the results of load-shortening curve. In Fig.1, the solid line is the modified
one and the broken line is the current one, and vertical line means the relative stress and
horizontal line means the relative strain.

1 T T T T 1 T T T T
08 F S~ - 08 F _ -
/ 1=2.400mm 1=2,400mm
06 - Rep=315N/mm2 B 06 - /' Ry=315N/mm2 T
’ 90mr ’
g D — z / < 00mm
E, t=15mm Ex / C It=17mm
Y
04 - 250mm T 04 I / T
f, tw=10mm / ty=11mm 350mm
/ p=15mm / v p=15mm
02 X I ] = 02 X [ ] =
/o S00mm / ) 800mm __jict
/ modified - / modified -
/ current ----- ! current -
0 [ 1 1 L 1 0 [ 1 1 L 1
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
g,/ey g,/ey
(a) Angle (b) T-Bar
1 T T T T 1 T T T T
S~
/ % Rep=315N/mm2
08 - / TS 08 - s = 800mm 4
/ >
/
// | = 2,400mm
06 F / Ren=315N/mm? - 06 F t,=15mm -
5 / 5
Ex / t,=17mm Ex I = 8,000mm
0.4 / 300mm . 04 .
/ tp=25mm
/
/ < >
02 k X’ 800mm i o2 b / __'_:_','.-"---.___ S i
modified - — modified -
/ current ----- ! current -
0 [ 1 1 L 1 0 [ 1 1 L 1
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
g,/ey g,/ey
(c) Flat Bar (d) Plate

Fig.1 The results of load-shortening curve

As shown in Fig. 1 (a), (b) and (c), the load-shortening curve for the longitudinal stiffened
panel is not affected by this modification.

However, as shown in Fig. 1 (d), the load-shortening curve for the buckling of plate
(transversely stiffened panel) is affected by this modification, especially critical stress is
decreased.

In order to investigate a large decrease in critical stress for the plate due to the modification
of the formulae, additional calculation of the load-shortening curve of the plate with
different aspect ratio and thickness as given in the table below is carried out.

Aspect ratio = 3 Aspect ratio =5 Aspect ratio = 10
2400 * 800*15.0, HT32 | 4000 * 800*15.0, HT32 | 8000 * 800*15.0, HT32
2400 * 800*20.0, HT32 | 4000 * 800*20.0, HT32 | 8000 * 800*20.0, HT32

The comparisons on load-shortening curves of plates with 3 different aspect ratio subjected
to transverse thrust are shown in Fig.2.
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t=15 modified —+—
t=15 current
t=20 modified --—+---

0.8 t=20 current ------- |
0.6 | |
g
%
o
£, /ey
(a) Aspect ratio = 10 (8000*800)
1 : : :
t=15 modified ——
t=15 current
t=20 modified --—+---
0.8 t=20 current ------- |
0.6 |
g
%
[°]
0 0.5 1 15 2 25
£, /ey
(b) Aspect ratio = 5 (4000*800)
1 : : :
t=15 modified ——
t=15 current
t=20 modified --—+---
0.8 t=20 current ------- |
0.6 |
g
%
o

0 0.5 1 15 2 25
£, /ey

c) Aspect ratio =
Asp io = 3 (2400%800

Fig.2 The comparison results on load-shortening curves of plates with 3 different aspect ratio
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From Fig. 2, it is found that the load-shortening curve for buckling of plate decrease due to
the modification of the formulae.

From these results, it is obvious that this modification does not give the impact for Double
side skin BC with longitudinal framing system.

3.2 Scantling impact due to this modification

According to the results specified in 3.1, it was found that this modification affects the
scantling of ships with transversely framing system. Then the scantling impact calculation
was carried out for the following three kinds of single side skin BCs, i.e., Handy Max,
Panamax and Cape size. In addition, the scantling impact calculation was carried out for one
double side skin BC for reference.

The ultimate bending moment capacities obtained by the modified formula were compared
with those of the current one as given in the table below.

The scantling impact due to this modification was calculated based on the following

assumption.

(1) The ultimate bending moment capacity of each ship calculated according to the current
formula is equal to the required value.

(2) In order to satisfy with the required ultimate bending moment capacity, only the
thickness of upper deck plating is increased. Because as the deck plating is located apart
from the neutral axis of transverse section, increasing the thickness of deck plating is
very effective to improve the ultimate hull girder bending capacity.

(3) The scantling calculation is calculated based on the increase of the transverse section area
within 0.4 L amidships.

The scantling increase due to this modification was also given in the table.

Ratio Difference of ultimate Scantling

(=Modification/ current) | bending moment capacities | increase
SSS Handy max | 96.1 % -3.9% 0.82 %
SSS Panamax 97.6% -2.4% 0.68%
SSS Cape size 98.4% -1.6% 0.58%
DSS Cape size | 100.0% 0.0% 0.0%

*hxkk End *RRRE
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