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(1) Stress Transmission

Inner Bottom Plate

Longitudinals

Side Girder

Center Girder,

Web frame

‘ ‘ [Web frame} ‘[ Girder]
) : Stress Transmission
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DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.1 101

(2) Principal Dimensions

The following principal dimensions are used in accordance with DNV rule.

1) Rule length (L or L,)

: Length of a ship used for rule scantling procedure

096-L,, <L<097-L,
= Distance on the summer load waterline (£,,) from the fore side of the
stem to the axis of the rudder stock

= Not to be taken less than 96%, and need not be taken greater
than 97%, of the extreme length on the summer load waterline (£,,)

« Starting point of rule length: F.P

Ex. Lgp Lt 096Ly | 0.97-Ly, L
250 261 250.56 253.17 250.56
250 258 247.68 250.26 250.00
250 255 244.80 247.35 247.35
2) Breadth
: Greatest moulded breadth in [m], measured at the summer load waterline
Desian Theories of Ship and Offshore Plant, Fall 2014, Myung:1l Roh ’g.mmm_d"nb 5
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(DNV Pt.3 Ch.1 Sec.1 B101), 2011

B. Definitions
B 100 Symbols
101 The following symbols are used:

L = length of the ship in m defined as the distance on the summer load waterline from the fore side of the

stem fo the axis of the rudder stock.
L shall not be taken less than 96%. and need not to be taken greater than 97%. of the extreme length on
the summer load waterline. For ships with unusual stern and bow arrangement, the length T will be
especially considered.

F.P.= the forward perpendicular is the perpendicular at the intersection of the summer load waterline with the fore
side of the stem. For ships with unusual bow arrangements the position of the F.P. will be especially
considered.

A P. = the after perpendicular is the perpendicular at the after end of the length L.

Lg = length of the ship as defined in the International Convention of Load Lines:

The length shall be taken as 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, or as the length from the fore side of the stem to the
axis of the rudder stock on that waterline. if that be greater. In ships designed with a rake of keel the
waterline on which this length is measured shall be parallel to the designed waterline.

B = greatest moulded breadth in m. measured at the summer waterline.

D = moulded depth defined as the vertical distance in m from baseline to moulded deckline at the uppermost
continuous deck measured amidships.

Dy = least moulded depth taken as the vertical distance in m from the top of the keel to the top of the freeboard

deck beam at side.

In ships having rounded gunwales, the moulded depth shall be measured to the point of intersection of the
moulded lines of the deck and side shell plating. the lines extending as though the gunwale was of angular
design.

Where the freeboard deck is stepped and the raised part of the deck extends over the point at which the
moulded depth shall be determined. the moulded depth shall be measured to a line of reference

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh
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(DNV Pt.3 Ch.1 Sec.1 B101), 2011

extending from the lower part of the deck along a line parallel with the raised part.
= mean moulded summer draught in m.
= moulded displacement in t in salt water (density 1.025 /m3) on draught T.
g = block coefficient.
4
1.025LBT

o N~
|

For barge rigidly connected to a push-tug Cp shall be calculated for the combination barge/ push-tug.
Cpp = block coefficient as defined in the International Convention of Load Lines:

=_v_
Ly BTg
V= volume of the moulded displacement, excluding bossings, taken at the moulded draught T
Tg = 85% of the least moulded depth.
V = maximum service speed in knots, defined as the greatest speed which the ship is designed to maintain

in service at her deepest seagoing draught.

gy = standard acceleration of gravity

= 9.81 m/s%.
f; material factor depending on material strength group. See Sec.2
f, = corrosion addition as given in Sec.2 D200 and D300. as relevant.
X = axis in the ship's longitudinal direction.
y
z
E

axis in the ship's athwartships direction.

= axis in the ship's vertical direction.

= modulus of elasticity of the material

= 2.06 - 105 N/mm? for steel

= 0.69 - 105 N/mm? for aluminium alloy.
Cyw = wave load coefficient given in Sec.4 B200

Amidships = the middle of the length L.

Resian Theories of Ship and Offshore Plant. Fall 2014, Myung:Il Roh
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DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.1 101

(2) Principal Dimensions

3) Depth (D)

: Moulded depth defined as the vertical distance in [m] from baseline to
moulded deck line at the uppermost continuous deck measured amidships

4) Draft (T)

: Mean moulded summer draft (scantling draft) in [m]

5) Brock coefficient (C;)
: To be calculated based on the rule length
A
Cy=r—
1.025-L-B-T

(A : moulded displacement in salt water on draft T)

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 11
(3) Criteria for the Selection of DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.1 101

Plate Thickness, Grouping of Longitudinal Stiffener

1) Criteria for the selection of plate thickness
» When selecting plate thickness, use the provided plate thickness.

(1) 0.5 mm interval B 15.75 > 160
X . mm .U mm
(2) Above 0.25 mm: 0.5 mm 1574 mm » 15.5 mm

(3) Below 0.25 mm: 0.0 mm

2) Grouping of longitudinal stiffener

For the efficiency of productivity, each member is arranged by grouping
longitudinal stiffeners.

The grouping members should satisfy the following rule.

Average value but not to be taken less than 90% of the largest individual
requirement. (DNV)

Ex. The longitudinal stiffeners have design thickness of 100, 90, 80, 70, 60 mm. The average
thickness is given by 80 mmx5. However, the average value is less than 100mmx90% =
90 mm of the largest individual requirement, 100 mm.

Therefore, the average value should be taken 90 mmx5.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l!‘"ﬂb 12
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DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2

. 2 ) A -
(4) M aterla I Fa cto rs T;ggsgnljﬂtﬁ:‘;ﬁ’hs;ih;?\zcg of Materials 7th Edition,

« The material factor f; is included in the various formulae for
scantlings and in expressions giving allowable stresses.”

Material Yield Stress o Material
Designation | (N/mm?2) Ony-ns Factor ()
NV-NS 235 235/235 = 1.00 1.00
NV-27 265 265/235 = 1.13 1.08
NV-32 315 315/235 = 1.34 1.28
NV-36 355 355/235 = 1.51 1.39
NV-40 390 390/235 = 1.65 1.47

* NV-NS: Normal Strength Steel (Mild Steel)
* NV-XX: High Tensile Steel

* High tensile steel: A type of alloy steel that provides better mechanical properties or greater
resistance to corrosion than carbon steel. They have a carbon content between 0.05-0.25% to
retain formability and weldability, including up to 2.0% manganese, and other elements are
added for strengthening purposes.

* A: ‘A’ grade ‘Normal Strength Steel’

el
NF
Fracture®

©simin Necking |

* Yield Stress (o,) [N/mm?] or [MPa]:

The magnitude of the load required to
cause yielding in the beam.?

* AH: ‘A’ grade ‘High Tensile Steel’

ian Theories of Ship and Offshore Plant, Fall 2014, Myung:Il Roh
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6.2 Global Hull Girder Strength
(Longitudinal Strength)
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Interest of “Ship Structural Design”

® Ship Structural Design

7

€. . . S
%What is designer’s major interest?

® Safety:.
Won't It" fail under the load?

a ship

}global

a stiffener }
local
a plate

Let's consider the safety of the ship from the point of global strength first.

Desion Theories of Ship and Offshore Plant. Fall 2014, Myung:ll Roh
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Dominant Forces Acting on a Ship

1*
i What are dominant forces acting on a ship in view of the longi. strength?

w4 weoweight— weight of light ship, weight of cargo, and
Lﬂﬂﬂhﬁ% consumables

b(x) 4 be:buoyaney | hydrostatic force (buoyancy)
T « | on the submerged hull

ST hydrodynamic force induced by the wave

7

i What is the direction of the dominant forces? ; l.H l ul

The forces act in vertical (lateral) L
direction along the ship’s length. X
AP FP
Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh s dlﬂb 17

Longitudinal Strength

: Overall strength of ship’s hull which resists the bending moment, shear
force, and torsional moment acting on a hull girder.

Longitudinal strength loads

: Load concerning the overall strength of the ship’s hull, such as the bending moment,
shear force, and torsional moment acting on a hull girder

Static longitudinal loads

z
H + Loads are caused by differences between weight and

buoyancy in longitudinal direction in the still water
condition

Hydrodynamic longitudinal loads

, Loads are induced by waves

z
—TNT
—_—

" Okumoto, Y., Design of Ship Hull Structures, Springers, 2009, P.17 ’“dlnb 18
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Idealization of the Ship Hull Girder Structure

'!':
L:‘; How can we idealize a ship as a structural member?

= Structural member according to the types of loads

@ Axially loaded bar: structural member which supports forces directed along
the axis of the bar

@ Bar in torsion: structural member which supports torques (or couples) having
their moment about the longitudinal axis

® Beam: structural members subjected to lateral loads, that is, forces or
moments perpendicular to the axis of the bar

N

Since a ship has a slender shape and subject to lateral loads, it will
behave like a beam from the point view of structural member.

- g ——

Ship is regarded as a beam. ’*ﬂ Al
AP P a

14, Myung-Il Rob ’!dlﬂb 19

Applying Beam Theory to a Ship

Y w E ! ) — :
Xl o IREERERRRERE Y4
2 =10 A > 0 O
B N "U : i AP P
’ IJ 4 ! i E
s : ! ' £ :
] L e AT HR
RA]IFV Ryt i : \QI Jy E
Yoy : ! .
] § L
| P : }
M(x) i E i M (x) E
i A, e
: : . — x
ot | i : i [ Idealize ;
: : | i /(x :
: ~ : : L g
If th ts at th ; o 1 g 1
ends, deflection and slope of | | Lo Nl

the beam occur. Actually, there are no supports at the ends of the ship.FP
However, the deflection and slope could occur due to inequality of the
buoyancy and the weight of a ship. For this problem, we assume that there are
* James M. Gere, Mechanics of Materials, 6% Edition, Thomson, Ch. 4, p. 292 simple supports at the A.P and the F.P.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 20
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Correction of a Bending Moment Curve

Before correction

After corréction
M (x)

AP FP

What if the bending moment is not zero at FP?
®» The deflection and slope of the beam occur at FP.
®» Thus, we correct the bending moment curve

to have 0 at AP and FP.

* James M. Gere, Mechanics of Materials, 6 Edition, Thomson, Ch. 4, p. 292

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 21

Actual Stress < Allowable Stress
- Bending Stress and Allowable Bending Stress

The actual bending stress (o, ) shall not be greater than the allowable bending stress (o).

M ; : Largest SWBM among all loading conditions and class rule
M, : Calculated by class rule or direct calculation

(DNV Pt.3 Ch.1 Sec. 5 C303)

Mg+M,| .
S w 3 2
O =107 [kg/cm”]| |,
. 7 ! N
04
< i !
Gact. - Gl . A I ™
0,1L 0,3L 04L 03L oL
AP o] P
Fig. 2
Stillwater bending moment
— _ 2 el . .
o, =0,,, =175f [N/ mm”] within 0.4L amidship
=125f; [N/ mm?] within 0.1L from A.P. or FP.
(#;: Material factor. Ex. Mild steel 1.0, HT-32 1.28, HT-36 1.39)
DNV Rules, Jan. 2004,Pt.3 Ch.1Sec.5 44 myung.yi Roh ’“dlﬂb 22
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(DNV Pt.3 Ch.1 Sec.5 C303), 2011

303 The section modulus requirements about the transverse neutral axis based on cargo and ballast conditions

M, + M
- M 10° (ij)

are given by:
Z, =
© o

175 f; N/mm? within 0.4 L amidship
125 f; NYmm?2 within 0.1 T from A P. or F.P.

G
Between specified positions &; shall be varied linearly.

I!dlﬂb 23

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

(DNV Pt.3 Ch.1 Sec.5 C304), 2011

304 The midship section modulus about the vertical neutral axis (centre line) is normally not to be less than:
Zop = L7 (T+03B) ¢y (em)

1
The above requirement may be disregarded provided the combined 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:
[2 2
Ot %% + T

o, = stress due to Mg
o = siress due to My
T wh = stress due to Myyyg. the horizontal wave bending moment as given in B205.

ydlab =




Criteria of Structural Design (1/2)

® Ship Structural Design
laship |

0
=

The actual bending stress (o, ) shall not be greater than the allowable bending stress (o).

act. —

act.

G < G M ‘MS +MW‘ M : Largest SWBM among all loading conditions and class rule
—_ 5 Oger. = = M, calculated by class rule or direct calculation
! Iy 1y Iyuly ! g

rowren-n - Example of bending moment curve of container carrier

O, : allowable stress 2 I

g, =~

Light ship

For instance, allowable bending stresses by

Ballast dep.
N

o
DNV rule are given as follows: *

“Ballast arr.

= ““Homo 10t dep.

el ~Homo 10t arr.

o, =175f, [N/mm®] within 0.4 amidship

Homo 18t dep.
Homo 10t arr

=125f, [N/mm"] within 0.1L from A.P. or F.P.

AP 1229 52§ 126 144 180

208 254 203 Fp

Actual bending moments at aft and forward
area are smaller than that at the midship.
3

Li’) What is, then, the f;?

Desian Theories of Ship and Qffshore Plant, Eall 2014, Mvung:Il Roh lmm
Criteria of Structural Design (2/2)
act. — 1
M Mg+ M,
act. ~ -
Iy, /Y Iy,/y
(1) Still Water Bending Moment (Ms)
(2) Vertical Wave Bending Moment (Mw)
(3) Section Modulus (I A/Y)
Desian Theories of Ship and Offshore Plant, Eall 2014, Mvung:Il Roh lﬂm
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(1) Still Water Bending Moment (Ms)

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 27

Still Water Bending Moment (Ms)

_ M :|MS+MW|,
o Iy, Iy, /y

{ M;: Still water bending moment
My: Vertical wave bending moment

Hydrostatic loads along ship’s length
caused by the weight & the buoyancy

STATIC HEAVEVFOFiCE Cé)MPgNENTS
fs(x) :distributed loads in longitudinal WAVE CRES‘I;AMIDSI-iP
direction in still water o LBP =520 ft, T=10's, h,= 20 ft
e e buoyanc
=7 K yancy
“
2
v Q
Ve(x) :still water shear force (;;
V(o) = [ fo () 3
2
‘ ' Weigh/[ structural weight
-10 T T T T T T T T T
M ¢ (x) :still water bending moment 20 ®B B W4 12 © 8 6 4 2 O
x STATION
M (x) = jo V, (x)dx :
Desian Theories of Ship and Offshore Plant, Fall 2014 Mvung:ll Roh ’“‘“ﬂb 28
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Distributed Loads in Longitudinal Direction

ey

S )= s () + iy (%)

fix): Distributed loads in longitudinal direction

f«x): Static longitudinal loads in longitudinal direction
fwx): Hydrodynamic longitudinal loads induced by wave

i : weight
In still water W(x) : weig

w(x) T
’ F(x) = b(x) +w(x) A
+

vy 224l
X
b(x) z b(x) : buoyancy
< Tﬁ IH T x
b(x): Distributed buoyancy in longitudinal direction z S s(x) = blx) + w(x) : Load
w(x) = LWT(x) + DWI(x) f5(x)
- w(x): Weight distribution in longitudinal direction X

- LWT(x): Lightweight distribution
- DWT(x): Deadweight distribution

A
oPv Nije
I!dlﬂb 2

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

Actual Still Water
Bending Moment, M(x)

Distributed Loads
in Still Water

v Example of a 3,700 TEU Container Ship in Homogeneous 10 ton Scantling Condition
- Principal Dimensions & Plans

Actual Still Water
oad Curve, /) Shear Force, V(x)
Weight, w(x) T
Buoyancy, b(x) Vs(x) = [ [ (x)dx

M (x) = [V (x)dx

Midship section

MIDSHIP SECTION

Profile & plan

Principal dimension

LENGTH ©O. A 267. 368 M aem |
LENGTH B. P. 245. 240 M o — 7/ =]
BREADTH  MOULDED 32.20 M — ol e . CONTAINER HOLD _
DEPTH  MOULDED 19.30 M
LAN
DESIGNED DRAUGHT ~MOULDED e
e = oy
| = 7

. — [

— L — - -\

- Loading Condition (Sailing state) in Homogeneous 10 ton Scantling Condition -

* Frame space: 800mm

SAILING STATE

= 12.260 M KoM T = 14.889 M

= 12.457 M KG (SOLID) = 13.586 M

- 12.654 M GM (S0LTD) = 1.303 M

TRIM BY STERN = 394 M FREE SURF. CORA. (GGo) = 059 M

PROPELLEA 1/D - 160.3 % GoM (FLUID) = 1.244 M

DISPLACEMENT = 66813.6 T KGo ACTUAL (FLUID) = 13.645 M

DRAUGHT AT LCF B 12,483 M TRIM (DIS¥A) / (MTC*100) = 394 M
LCB FROM AP - 15677 M FREE SURF. MOM = 3921 T-M
LCG FROM AP = 115,045 M M.T.C = 1072.0 T-M

TRIM LEVER @ A = 632 M LCF FROM A P = 106.275 M
DEGREE = .0 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0 75.0
K = 000 1.296 2581 3.882 5.168 7.674  9.592 10 830 11.687 11.939
KGOXSING = 000 1.189 2 3.532  4.667 6.823 8.771 10.453 11.817 13.180
Gz =000 107 350 501 791 821 477 120 -1.221

ydlab «

Resian Theories of Ship and Offshore Plant. Fall 2014, Myung:Il Roh
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Distributed Loads in Sti" Wat Actual Still Water N Actual Still Water

Shear Force, V(x) Bending Moment, M(x)

- Lig htweig ht Buogancy o) V=[S M= Lo

R EEEEEEEEEEEEEEEEEEEEEEEEEEsEEEERRnnE

Example of a 3,700 TEU Container Ship e
B
I | Hull Ne. : 1329. 3,700 TEU CONTAINER VESSEL
:l L.C.G MOMENT
75 . 7.000 4312.0
I} 43,400 13871 31.400 435569
T 212320 7591.5 128.620  976418.7
1 252,740 732.3 1752247
1 41,600 464 170551
I“n' 245,240 iaid.6
e 232,320 340.0 45628.0
g 232,320 1190 13613.6
—1 1 2400 1518 o
R 252,240 224,00 26880, 0
FP 232.320 1379 29924.3
202,240 1053 .00 121.700 128150.1
146. 680 5.0 144580 7871.9
TONES LIGHTWEIGHT DISTRIBUTION DIAGRAM g 12 180 Yaes
232.320 114.360 13254.3
2400 232,320 114,360 146381
245,240 118.3 238. 600 202264
2200 170.000 1,000
4.000 =-.500
2000y 7 H = 41,600 37, 100
~
1800 Bow Thruster 4.000 -oo0
11,200 7.600
193,900 105, 760
1600~ Emergency 232,320 229 240
L ; ; 243,000 241,000
1400 Crane Pump 232,320 . 121. 700
12000 232,320 191.3 121.700
41.600 214, 16.000
1000} e L ! 37.600 979, 30. 400
i - N 41,600 288.50 22.000
800 L - M e 23.230 111.30 11.200
| f \ [ 41,600 150, ¢ 28000
600 L i ! 41500 158 28,000
41,600 . 28.000
400+ etes z1d. 480 165.00 114. 240
41,600 36,000
200+ 41 600 30. 000
oolAP L . L . 27,200 41,600 36,000
7 41 . a0
0 25 50 74 99 125 150 175 200 226 251 276 301 326 FRNC B N S S b
SHIP TOTAL = 15998._10 103, 228 1651446 .5
31
D‘ H L H ‘" W Actual Still Water Actual Still Water
Istribute oads In | AT Load curve, 1) e
Shear Force, V(x) Bending Moment, M(x)
D d M ht Weight, w(x) T -
- Deadweig Buoyancy, bix) Vo) = [ fi(x)dx M ()= [V (x)dx

Example of a 3,700 TEU Container Ship Deadweight distribution in longitudinal direction
-Loading plan in homogenous 10 ton scantling condition in homogenous 10 ton scantling condition

L‘l

-Deadweight distribution curve in homogenous
10 ton scantling condition

‘TonmES
a0

- -
4 £ &
Yy

A\ / \
/\I \

s00 I
Y
wf | \
200 \
opl =
0 2 m 74 m 1m w0 7E 20 2 2 e W@ I _FRND [ =
LA FR.Space : 800 mm P - - - - a

2015-08-05
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- Buoyancy Curve

Weight, w(x)
Buoyancy, b(x)

Distributed Loads in Still Wat[w e o |-

Actual Still Water
Shear Force, V(x)

Actual still Water
Bending Moment, M(x)

V() = [ fy(x)dx

M (x) = [V (x)dx

Example of a 3,700 TEU Container Ship
v' Calculation of buoyancy

v' Buoyancy Curve in Homogeneous 10 ton Scantling Condition

100 ton
30
"
(1) Calculation of sectional area : o
below waterline
[ 1]
b i 4.0
M0 AP 1 20 o 1% 14 1 FICIT] 21 FP FR. No
FR. Space: 800 mm

(2) Integration of sectional area over
the ship’s length

ian Theories of Ship and Offshore Plant, Fall 2014, Myung:Il Roh

Distributed Loads in Still Wat[ < conero |-

Weight, w(x)

- Load Curve

Actual Still Water

Shear Force, V(x)

Actual Still Water

Bending Moment, M(x)

Buoyancy, b(x)

V() = [ £y (x)dx

M (x) = [V (x)dx

| Load Curve

fs(x)|: Loads Curve = Weight + Buoyancy

. = Lightweight
Weight Curve | Deadweight

Lightweight Distribution Curve |

| Deadweight Distribution Curve

in homogenous 10ton scantling condition

in homogenous 10 ton scantling condition

LIGHTWEIGHT DISTRIBUTION DIAGRAH

/\A"\’h\\ _
= \
= \
\

(73

P o
R L EEEEEX

200,
200

I\/A\

= N
v \
\

\

FR.Space ; 800 mm E

+

Buoyancy Curve

in homogenous 10 ton scantling condition
100 ton

= Weight w(x) + Buoyancy b(x)

in homogenous 10 ton scantling condition

o1 ap
0 APua 2 . a w a F "'
FR.Space: 800 mm FRN

Actual Still Water Shear Force

34

2015-08-05
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Actual Still Water

. Actual Still Water
ACtuaI Stl" Water Shear Force & Shear Force, V(x) ] Bending Moment, M(x)

H H Weight, w(x) - -
Actual Still Water Bending Moment B Vo= [y Mo [V,

Example of a 3,700TEU Container Ship

S3(x) = b(x) + w(x) SRR
v BRie

Actual Still Water | V(x) = 'f fs(x)dx
Shear Force 0

=== Actual still water shear force
== 1« Design still water shear force

126 14 180 21 251

ONGITUDINAL STRENGTH CURVE

Actual Still Water _

Bending Moment x
g M ()= [V (x)dx

AR FORCE (1,000 T) N

=== Actual still water bending moment
— -+ Design still water bending moment

HE

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

Rule Still Water Bending Moment by the Classification Rule

Recently, actual still water bending moment based on the load conditions is
used for still water bending moment, because the rule still water bending

moment is only for the tanker.

* The design still water bending moments amidships are not to be taken less than
(DNV Pt.3 Ch.1 Sec. 5 A105)

Mg =M, [kNm]

M, =-0.065C,,,L’B(C, +0.7)  [kNm] in sagging
=C,,, [’B(0.1225-0.015C,)  [kNm] in hogging

Cyy: Wave coefficient for unrestricted service

The still water bending moment shall not be less than the large of: the largest actual still
water bending moment based on the load conditions and the rule still water bending

moment.

ydlab s

2015-08-05
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(DNV Pt.3 Ch.1 Sec. 5 A106), 2011

106 The design stillwater bending moments amidships (sagging and hogging) are normally not to be taken
less than:

Mg =Mgq (kNm)
Mgg = —0.065 Cyyy L2 B (Cg + 0.7) (kNm) in sagging
Cwu L2 B (0.1225 - 0.015 Cg) (kNm) in hogging
Cwu = Cy for unrestricted service.
Larger values of Mgq based on cargo and ballast conditions shall be applied when relevant. see 102.

For ships with arrangement giving small possibilities for variation of the distribution of cargo and ballast, Mg
may be dispensed with as design basis.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 37

(DNV Pt.3 Ch.1 Sec. 5 B107), 2011

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

Mg =Kk Mgo  (KNm)

Mgy = as givenin 106
kg, = 1.0 within 0.4 L amidships
0.15at0.1L from AP. or F.P.

= 0.0at AP.and F.P.
Between specified positions kg, shall be varied linearly.
Values of k

m Inay also be obtained from Fig.3.

ksm
10
[T EEBEY 1
asf-HH
1T BEEEEEE
06—
04 / B
EEVARNRRNE -
I | LN
oL 1 L | L 1
lo,n. .03 04L 03t o

AP [vi} FP.
Fig. 3
Stillwater bending moment

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

Desion Theories of Ship and Offshore Plant. Fall 2014, Myung-Il Roh l“dlnb 38
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Rule Still Water Shear Force by the Classification Rule

* The design values of still water shear forces along the length of the ship are normally not
to be taken less than

(Dnv Pt.3 Ch.1 Sec. 5 B107)

0 at A.P. and F.P.
1.0 between 0.15L and 0.3L from A.P.
0.8 between 0.4L and 0.6L from A.P.

= 1.0 between 0.7L and 0.85L from A.P.

M - " IPB(C i i
Oy =5 —S0 (kN) Mg, =—0.065C,, *B(C, +0.7) [KNm] Tn sagg{ng
L = Cyy [2B(0.1225-0.015C,) [kNm] in hogging

kg,

QS = kquSO (kN)

Cyy: wave coefficient for unrestricted service

The still water shear force shall not be less than the large of: the largest actual still water
shear forces based on load conditions and the rule still water shear force.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 39

(DNV Pt.3 Ch.1 Sec. 5 B108), 2011

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

Qs =kyq Qg0 (KN)
Mso

ng =5 L (kN)

Mg =design stillwater bending moments (sagging or hogging) given in 106.

Larger values of Qg based on load conditions (Qg = Qgr ) shall be applied when relevant, see 102. For
ships with arrangement giving small possibilities for variation in the distribution of cargo and ballast,
Qgo may be dispensed with as design basis

k= 0atAP. andF.P.

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 A.P.

Between specified positions kg 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.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 40
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(2) Vertical Wave Bending Moment
(Mw)

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb M

Vertical Wave Bending Moment (Mw)

» [ Ms: Still water bending moment
My: Vertical wave bending moment

M :|MS+MW|

Hydrodynamic loads induced by
waves along ship’s length

DYNAMIC HEAVE FORCE COMPONENTS
fy (x) : distributed loads induced by waves WAVE CREST AMIDSHIPS

LBP = 520 ft, T =10 s, h,= 20 ft
= Froude-Krylov force + diffraction force 2
+ added mass force + damping force ~.added mess force

V, (x) - vertical wave shear force

3 diffraction _____
M = Y"F = (Body Force)+(Surface Force) % added mass 5 ) 1 dyn. Froude-Krylov
- Q dlffractlon mass inertia
=K, @) + Fyoni m —
=iy P 0+ F (D) Fy (1) =
+ By s (0 ) + F (1) =
E)
53
=]
(2R

l Vi (¥) = [ Sy (x¥)dx

M, (x) : vertical wave bending moment 2 b % % ® 5 54 2 O
My, (x) = [V, (x)dx Y & STATION
Desian Theories of Ship and Offshore Plant, Fall 2014 Mvung:ll Roh ’“‘“ﬂb 42
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Dynamic Longitudinal Loads

In still water ()= b(x) — w(x): Load

: Js(x) = b(x) +w(x)

X Ax): longitudinal strength loads

fs(x): static longitudinal loads
fu(x): dynamic longitudinal loads

+
Inzwave v Dynamic longitudinal loads
: Loads are induced by waves
X Vertical bending due to waves
weight weight

» Ship in oblique waves

Thuovamcy 1 yaney |

Hogging Sagging

Hogging and sagging Hogging and sagging

.

43

Dynamic Longitudinal Loads
- Direct Calculation of Dynamic Longitudinal Loads (1/2)

In still water

: Js(x) = b(x) + w(x)

X  fix): longitudinal strength loads

£ (x)= b(x) — w(x): Load

fs(x): static longitudinal loads
fy(x): dynamic longitudinal loads

In wave
zZ

v Dynamic longitudinal loads H0g”
: Loads are induced by waves

v Direct calculation of dynamic longitudinal loads

« from 6DOF motion of shi?
x=[X.Y.T,¢,0,y]

v Ref.> 6 DOF motion of ship f(x) = fs (x) + fW (x)
=b()+ W) # [ () + frx () + [r(3)

“additional loads in wave

where,
o0 (]
fo®) = —a(0)X bk |
[} (] !
_Inorder to calculate loads in waves,
 first we have to determine &5, &5 .

?
Jpx): Diffraction force at x €, - -
Jx(x): Radiation force at x by damping and added mass | i ? |B
f';K(x): Froude-Krylov force at x How to determine 53 > 53 :

2015-08-05
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Dynamic Longitudinal Loads

- Direct Calculation of Dynamic Longitudinal Loads (2/2)

In wave

z
m"
—TN NN
—_—NTN TN

S ()= [p () + [k () + [ (x)

Load induced
by Wave

A

Actual Vertical Wave
Shear Force

0, ()=, fy (x)dx

Actual Vertical Wave
Bending Moment

My ()= [ Oy (¥)dx

v Direct calculation of dynamic longitudinal loads

where, f,(x)=—a(x) X —b(x)x

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

I!dlﬂb 45

Rule Values of Vertical Wave Bending Moments

v Direct calculation of dynamic longitudinal loads
« Loads are induced by waves

0, ()= [ fiy (n)dx

Actual Vertical Wave
Shear Force

v

Actual Vertical Wave
Bending Moment

My (x)= [ Oy ()dx

Recently, rule values of vertical
wave moments are used,
because of the uncertainty of the
direct calculation values of
vertical wave bending moments.

]MW =M,, [kNm]\

The rule vertical wave bending moments amidships are given by:

(DNV Pt.3 Ch.1 Sec.5 B201)

L Cu'
M, =-0.11aC,, L’ B(C, +0.7) [kNm] in sagging L<100 | 0.0792-L
— 100 < L <300 | 10.75-[(300—L)/100}
— 0.19&CWLZBCB [kNm] in hogging 300< L <350 | 10.75 L
L>350 | 10.75-[(L-350)/150]"*

a=1.0 for seagoing condition

Cy- wave coefficient
Cy: block coefficient, not be taken less than 0.6

=0.5 for harbor and sheltered water conditions (enclosed fiords, lakes, rivers)

Direct calculation values of vertical wave bending moments can be used for vertical wave
bending moment instead of the rule values of vertical wave moments, if the value of the

direct calculation is smaller than that of the rule value.

2015-08-05
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Rule Values of Vertical Wave Shear Forces

v Direct calculation of dynamic longitudinal loads

* Loads are induced by waves

Load induced by f[1 (x)= f/) (x)+ f/ K (x)+ fk (x)

ave

l: where, f;(x)=—a(x) X—=b(x)x

Actual Vertical Wave x o
Shear Force Oy (x) = .[0 Jw (X)dx

The rule values of vertical wave shear forces along the length of the ship
are given by: (DNV Pt.3 Ch.1 Sec.5 B203)

Positive shear force: QWP = 0_3ﬂkwqp CWLB(CB + 0_7)‘ p: coefficient according

to operating condition
Negative shear force: QWN =-0.35k

according to location in
lengthwise
Cy: wave coefficient

wqn

CW LB (CB + 07) ‘ kg Fevg coefficients

Direct calculation values of vertical wave shear forces can be used for vertical wave shear

force instead of the rule values of vertical shear forces, if the value of the direct calculation
is smaller than that of the rule value.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb a7

[Example] Rule Values of Still Water Bending Moments (Ms)
and Vertical Wave Bending Moment (Mw)

Calculate Ly, Cggeqvn and vertical wave bending moment at amidships (0.5L) of a ship
in hogging condition for sea going condition.

Dimension : L, =332.0m, L, =317.2m, Ly, =322.85m, B=432m, T =145m
A(Displacement(ton)aﬂz ) =140,960ton

........................................................................................................ P EEEEsEEEEEEEEEEEEEsEssssssssssssssssssssasman

(Sol.) L =097xL;,; =0.97x322.85=313.16 Mg = M, (kNm)
CB.S(‘ANT = A/(1.025XL‘ xBxT, ) = 140,906 701 Mso ==0.065C,, L'B(C, +0.7), (insagging)

T 1.025x313.16x432x14.5 =Gy L’B(0.1225-0.015C,), (1 1eaime)
M, =My, (kNm)
i My ==0.11aC, ’B(C, +0.7),

=0.19aC, ’BC,

a =1.0, for sea going condition,
C,, =10.75, if 300 < L <350 (wave coefficient)

insagging)

> (inhogging)

k,,, =1.0 between 0.4L and 0.65 L from A.P(=0.0) and F.P

My =0.19xaxCpy x I x BxCy sopir (kNm)

=0.19x1.0x10.75x313.16° x43.2x0.701 = 6,066,303 (kNm)
at 0.5L, k,, =1.0

> Mom

DR EMNLY, 52 Z &, 5-2 Load on Hull structure, 0/ Xil4, 2005.
M, =1.0xM,,

So, M, =1.0x M, = 6,066,303 (kNm)

1) DSME, Ship Structural Design, 5-2 Load on Hull structure, Example 4, 2005

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 48
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(3) Section Modulus

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlnb 49

Example of Midship Section of a 3,700 TEU Container Ship

1) First, determine the dimensions of the longitudinal
structural members such as longitudinal plates and
longitudinal stiffeners by rule local scantling.

14, Myung:Il Roh I“G“Glb 50
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Vertical Location of Neutral Axis about Baseline

2) Second, calculate the moment of sectional area about the
base line.

h 147 h, : vertical center of structural member
E A,

A, : area of structural member

3) Vertical location of neutral axis from base line (1) is, then,
calculated by dividing the moment of area by the total sectional area.

<Midship section>
YY) P
h= %
A } g (2} Upper Deck
! Vo H 7 Ai
'+ vertical location of neutral axis | RZ5
| . N.A.
A: total area Vs x z
B J hi B.L.
By definition, neutral axis pass through
the centroid of the cross section.
Resian Theories of Ship and Offshore Plant, Fall 2014, Myung:1l Roh ’g.mmn_dl"‘b o

Midship Section Moment of Inertia about N.A

- The midship section moment of inertia about base line (/)

Iy, =1,+4 h?

- then calculate the midship section moment of inertia about neutral axis (/) using /.

IN.A. :IB.L -Ah?

M M
o< O,,0= =
valy A

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l!‘"ﬂb 52
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Calculation of Section Modulus and Actual Stress

at Deck and Bottom

<Midship section>

} Upper Deck
y I
1 | Yp
N.A
! Vp
B.L.

bending stress
M, :Total bending moment
A:Total Area

I, , : ertia moment of the midship section area about

neutral axis (N.A.)
B.L : Base Line

Section modulus

]N.A. — Z I

NA. _
D> =Z

Vb Vg

B

Calculation of Actual Stress at Deck and Bottom

., ..M M
Deck — 7, =
I/ o Zp
oMM
Bottom IN_A /yB ZB

I!dlﬂb 53

Global Hull Girder Strength (Longitudinal Strength)

- Definition of the Longitudinal Strength Members

% Example of Requirement for Longitudinal Structural Member

DNV Rules for Classification of Ships

Part 3 Chapter 1 HULL STRUCTUREALDESIGN SHIPS WITH

! LENGTH 100 METERS AND ABOVE

5 Longitudinal Strength

C 300 Section modulus

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

) Scantlings of all continuous longitudinal strength members shall be

maintained within 0.4 L amidships.

: 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 fore body or when considered necessary due to
structural arrangement, see A106.

Application of hull girder load effects

* Hughes, Ship Structural Design, John Wiley & Sons, 1983
Resian Theories of Ship and Offshore Plant. Fall 2014, Myung:Il Roh

l“(“ﬂb 54
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(DNV Pt.3 Ch.1 Sec. 5 C300), 2011

C 300 Section modulus
301 Therequirements given in 302 and 303 will normally be satisfied when calculated for the midship section
only. provided the following rules for tapering are complied with:

a) Scantlings of all continuous longitudinal strength members 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 A106.
In particular this applies to ships of length L > 120 m and speed V > 17 knots.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 55

The Minimum Required Midship Section Modulus and
Inertia Moment by DNV Rule

DNV Rules, Jan. 2004, Pt.3 Ch.1 Sec.5

The midship section modulus about the transverse neutral axis shall not be less than:
(Pt.3 Ch.1 Sec.5 C302)

Cyo: wave coefficient

C
2 3 L Cro
Z, =" 1’B(C,+0.7) [cm
o f (CB ) [ ] L <300 10.75-[(300 - L)/100f"*
1 300<L<350 | 10.75
L>350 | 10.75-[(Z -350)/150]"

Cp is in this case not to be taken less than 0.60)

The midship section moment of inertia about the transverse neutral axis shall not
be less than: (Pt.3 Ch.1 Sec.5 C400)

1., =3C, I'B(Cy+0.7) [cm"]

* DNV Rules, Jan. 2004, Pt.3 Ch.1 Sec.5

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 56
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(DNV Pt.3 Ch.1 Sec.5 C302), 2011

302 The midship section modulus about the transverse neutral axis shall not be less than:

Zo = %’ L' B(Cp+0.7) (em’)
Cwo = 10.75- [ (300-1)/100 132 for L <300
10.75 for 300 =L = 350

= 10.75- [ (L—350)/150 132 for L>350
Values of Cyyq are also given in Table C1.
Cp is in this case not to be taken less than 0.60.

Table C1 Values for Cyyo
L Cwo L Cwo L
160 2.09 260
170 027 280
180 044 300
190 9.60 350
100 7.92 200 9.75 370
110 | 814 | 210 9.90 390
120 | 834 | 220 10.03 410
130 | 853 230 1016 | 440
140 | 873 240 10.29 470
150 | 891 250 10.40 500

For ships with restricted service. Cyyq may be reduced as follows:

— service area notation RO: No reduction
— service area notation R1: 5%
— service area notation R2: 10%
— service area notation R3: 15%
— service area notation R4: 2
— service area notation RE: 25%

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 57

(DNV Pt.3 Ch.1 Sec.5 C401), 2011

C 400 Moment of inertia

401 The midship section moment of inertia about the transverse neutral axis shall not be less than:
I=3CwL*B(Cg+0.7) (em?)

Desion Theories of Ship and Offshore Plant. Fall 2014, Myung-Il Roh l“dlnb 58
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DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2

. 2 . A -
M ate rlal Fa cto rs (fl) Tﬁsssegnl’wclfaepr'e{’MpSihsa’?\zces of Materials 7th Edition,

« The material factor f, is included in the various formulae for
scantlings and in expressions giving allowable stresses.”

Material | Yield Stress o Material | o A
Designation |  (N/mm?) Oyy_ns Factor () |i ' /,,;,- :'\5,'
NV-NS 235 235/235 =1.00 1.00
NV-27 265 265/235 = 1.13 1.08 e
NV-32 315 315/235 = 134 128 : g
- - ! * Yield Stress (o,) [N/mm?] or [MPal:
NVv-36 355 355/235 = 151 1.39 : Th;emagr:ietsjd:of thremll:)adorrequi?ed to
gnrivae ;
NV-40 390 390/235 = 1.65 147 cause yielding in the beam.?

* NV-NS: Normal Strength Steel (Mild Steel)
* NV-XX: High Tensile Steel

* High tensile steel: A type of alloy steel that provides better mechanical properties or greater i A:'A grade ‘Normal Strength Steel
resistance to corrosion than carbon steel. They have a carbon content between 0.05-0.25% to ", o . ) )
retain formability and weldability, including up to 2.0% manganese, and other elements are AH: ‘A’ grade ‘High Tensile Steel

added for strengthening purposes.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:ll Roh ’!dl“b 59

Summary of Longitudinal Strength ,o=, -

valy

| Calculation of hull girder total shear force & bending moment |

Still water shear forces Qs Wave shear force Q,,
Still water bending moments M Wave bending moment M,
(Qs, Ms) based on the loading conditions Direct calculation (Qy, My,)
1. Weight curve W(x) 1. Wave Load curve
2. Buoyancy curve B(x) Jw ()= [ () + frx () + [ (x)
" P 3 2. Vertical Wave Shear force curve
. = + N
3. Load curve  fy(x)=W(x)+B(x) 0, = J‘ £y
4. Shear force curve 2 :j S dx 3. Vertical Wave Bending moment curve
5. Bending moment curve M, = [ Q, dx My, = [ Qydx
(Qs, Mg) Min. rule requirements Class rule (Qy, My)
Larger value shall be used for the still water bending moment between Direct calculation values can be used for wave shear force and
the largest actual still water bending moment based on load conditions wave bending moment.

and design still water bending moment by rule.

| Calculation of section modulus (Local scantling) [

Modify longitudinal
structural members

[ End of design of longitudinal strength ]

2015-08-05
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6.3 Local Strength
(Local Scantling)

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung: ILRoh

sydlab e

Contents

M Procedure of Local Scantling

M Local Strength & Allowable Stress

M Design Loads

M Scantling of Stiffeners

M Scantling of Plates

M Sectional Properties of Steel Sections

ign T ies of Ship and Offshore Plant, Fall 2014, Myung-| L Roh
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Local Scantling

= Ship structure members are designed to endure the loads acting on the ship
structure such as hydrostatic and hydrodynamic loads?".
2)

STRUCTURE WT
CARGOWT I—L

MACHINERY
WEIGHT PRESSURE

r il

BUQYANCY

L

= For instance, the structural member is subjected to:
Hydrostatic pressure due to surrounding water.
Internal loading due to self weight and cargo weight.
Inertia force of cargo or ballast due to ship motion.

1 Okumoto, Y., Takeda, Y., Mano, M., Design of Ship Hull Structures - a Practical Guide for Engineers, Springer, pp. 17-32, 2009
2 Mansour, A, Liu, D., The Principles of Naval Architecture Series — Strength of Ships and Ocean Structures, The Society of Naval Architects and Marine Engineers, 2008

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 63

(1) Procedure of Local Scantling

Desian Theories of Ship and Offshore Plant, Fall 2014 Mvung:ll Roh ’“‘“ﬂb 64
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Procedure of Local Scantling
- Design Procedure of Structures

|Estimation of design bending momentl

o Main data, geometry
e and arrangement
» Midship section arrangement

Local scantling Ship structure design is carried

Tt T T T T T T T T E———T— out in accordance with the
As-built ship . .
S S i procedure shown in the figure.
v

Assumption of initial
midship section modulus

Calculation of stress factor

Each member is adjusted to have
enough local strength given by
the rule of Classification Societies
based on the mechanics of

Given by
the rule requirement

Local scantling

Calculation of .
actual section modulus materials.
| —— _* _______________________ 3
No Required section modulus | ) 5ngitydinal This is called the “local scantling”.

<
Actual section modulus

lYes

Rule scantling end

strength check

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

I!dl‘lb 85

Design Procedure of Structures
- Stress Factor

1
Ci} Why iteration is needed for the calculation of local scantling?

|Est1’mat1’on of design bending momentl

The actual midship section
modulus at bottom or deck is
needed.

However, the section modulus can
be calculated after the scantlings of
the members are determined.

Main data, geometry
L and arrangement
= Midship section arrangement

Local scantling

F As-built ship

midship section modulus

v
ICalculation of stress factor ASSU!‘HDU'OH of initial

midship section modulus

» Assumption!

Given by
the rule requirement

Local scantling

Calcutation of Therefore, actual section modulus
actual section modulus .

== e . is calculated to be equal to the
assumed section modulus by the

iteration.

No Required section modulus Longitudinal

strength check

<
Actual section modulus

bes

Rule scantling end

ydlab .
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Design Procedure of Structures
- Stress Factor

1) DNV Rules, Pt.3 Ch.1 Sec.6 C800, Jan. 2004

-
i Why iteration is needed for the calculation of local scantling?

Example) Inner bottom longitudinals?

= Minimum longi. stiffener section modulus

/

I: Stiffener span in m
st Stiffener spacing in m
p: Design loads

w;: Section modulus corrosion factor in tanks,
Sec.3 C1004

2
83 spw, (cm?)

where, & =225f, ~100f,,+0.70,,

/ : Material factor as defined in DNV I{?ﬂes Pt.3 Ch.1 Sec.2

[ ¢ stress factor

required midship section modulus
[cm?] at bottom or deck

<+— actual midship section modulus
[cm?] at bottom or deck as built

My Largest design SWBM? [kN-m]
M,: VWBM by class rule or direct calculation in [kN-m]

2) Largest SWBM among a_II loading conditions and class rule

4, = mean double bottom stress at plate flanges,
normally not to be taken less than
=20 f1 for cargo holds in general cargo vessel
=150 1 for holds for ballast
=85 1 b/B for tanks for liquid cargo

The actual midship section modulus at
bottom or deck is needed.

However, the section modulus can be
calculated after the scantlings of the
members are determined.

» Assumption!

Therefore, actual section modulus is
calculated to be equal to the assumed
section modulus by the iteration.

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

I!dlﬂb 67

(DNV Pt.3 Ch.1 Sec.6 C800), 2011

801 The section modulus requirement is given by:

= 160 f; within 0.1 L from the perpendiculars.
Between specified regions the o -value may be varied linearly.

20 1) for cargo holds in general cargo vessels
50 1 for holds for ballast

85 £, b/B for tanks for liquid cargo

f, = stress factor as given in A200

b = breadth of tank at double bottom.

8317 Pwy 3
= (em™)
-3
P = patop;5 (whichever is relevant) as given in Table B1
o = 2251 -100 g - 0.7 ggwithin 0.4 L (maximum 160 f;)

gy, = mean double bottom stress at plate flanges. normally not to be taken less than:

ydlab
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(2) Local Strength

& Allowable Stress

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

I!dlﬂb 69

Local Strength & Allowable Stresses
- Allowable Stress for Local Strength

Q! TS &=

Bottom

Relationship between load and stress
BHD BHD

[] 1) Longitudinal load

induced by waves

(Hogging or Sagging)
v

GLongitudinal

OLongitudinal Ogirder Olocal Oetc 2) Cargo load
Max. 190,
O, O
Max. 225/, girder ( db)
AN Max. 245 f; v )
N - 3) Ballasting load
v
In the figure above, the meaning v o
_ - local
of the coefficients of the maximum - 7
allowable stresses is as follows: f
245 Maximu.m Yielg §tress \\‘\A Ultimate | ’:,,_[5——'
235 f,: Proportional Limit stress L "\
: E
» 225f;: The maximum allowable  Yieldstress. | p . Fracture
i

stress for the local strength Proportional ~ A

uses the value less than the limit

maximum yield stress.

In other words, 225 f; is used

for the yield stress, except for OF—"* €

y ! p Perfect Strain Necking
the other effects. Linear plasticity hardening
region or yielding

PP

70
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Local Strength & Allowable Stresses

PRIMARY: HULL GIRDER

—_— -

cjLongitudinal
— 1
SECONDARY:
DOUBLE BOTTOM
0-girder (Gdb)
£

TERTIARY:

Ig PLATE PANEL E Olocal

Primary, secondary, and tertiary structure

* Mansour, A, Liu, D., The Principles of Naval Architecture Series — Strength of Ships and Ocean Structures, The Society of Naval Architects and Marine Engineers, 2008

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb gl

Allowable Stresses
- Allowable Stress for Local Strength

- Another interpretation of the figure
| Example) Inner bottom longitudinals?

The section modulus requirement is given by:

Bottom

2
O Longitudinal Ogirder Olocal Oete 7 - 831 spw, ( cm3)
Max. 190, .
where, p is the local pressure on bottom structure.
Max. 225 f;
A Max. 245/ _~ The nominal allowable bending stress due to lateral

pressure is used except for the longitudinal stress and
the double bottom stress.

0 =225 -100f,,—0.70,,

The longitudinal stress is given by the stress factor.
And the double bottom stress is given by:

a,,: Mean double bottom stress at plate flanges,
normally not to be taken less than
= 20 f; for cargo holds in general cargo vessel
= 50 f; for holds for ballast
= 85 f; b/B for tanks for liquid cargo

1) DNV Rules, Pt.3 Ch.1 Sec.6 C800, Jan. 2004
Desian Theories of Ship and Offshore Plant, Fall 2014 Mvung:ll Roh ’“‘“ﬂb 72
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A"owable Stl‘esses (O'/) for DNV Rules, Pt.3 Ch.1 Sec.6, 7, 8, 9, Jan. 2004
Bottom PIating, Deck PIating, Bulkhead PIating,

Side Plating

Strength deck | 120 f,
(Pt.3 Ch.1 Sec.8
| [ Strength deck 120

N.A.

”[ill] L ENE I

€

140 £, | Inner Bottom Plating
/1 (Pt.3 Ch.1 Sec.6 C401) v Allowable stress at the neutral axis (N.A) is

] Longi. Girder Plating largest. And the allowable stress decreases
130 1, (Pt.3 Ch.1 Sec.6 C501) proportionally from the neutral axis (N.A) to the

deck and bottom of the section. Because actual

4- Bottom Plating bending stress is smallest at the neutral axis
120 /; (Pt.3 Ch.1 Sec.6 C302) 9

(N.A)), the allowable stress increases proportionally

/i: material factor from N.A to the deck and bottom of the section.
Desion Theories of Ship and Offshore Plant, Fall 2014, Mvung:ll Roh ’!dlﬂb 73

(DNV Pt.3 Ch.1 Sec.6 C302), 2011

P = p;topz(when relevant) in Table B1
G

= 120 f; when longitudinals, within 0.4 L
= 160 f; within 0.1 L from the perpendiculars.

Between specified regions the o-value may be varied linearly.

fo, = stress factor as given in A 200

C 300 Bottom plating .
302 The thickness requirement corresponding to lateral pressure is given by:
15.8k,5/p
= ——a VP, ty
Jo

= 175 f; — 120 £,y,. maximum 120 f; when transverse frames, within 0.4 L

(mm)

l“dlﬂb 74
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(DNV Pt.3 Ch.1 Sec.6 C401), 2011

C 400 Inner bottom plating

401 The thickness requirement corresponding to lateral pressure is given by:

_ 158k s4p

t +1f  (mm)

Jo
P = DpPg4top;s (whichever is relevant) as given in Table B1
200 £f; — 110 f5p,. maximum 140 f; when transverse frames, within 0.4 L
140 f; when longitudinals. within 0.4 L
160 f; within 0.1 L from the perpendiculars.
Between specified regions the o~value may be varied linearly.

q
Il

fy, = stress factor as given in A200.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 75

(DNV Pt.3 Ch.1 Sec.6 C501), 2011

501 The thickness requirement of floors and longitudinal girders forming boundaries of double bottom tanks
is given by:

15.8 ks
= —1'\/;) +t,  (mm)
Je
P = pPi3topys (when relevant) as given in Table Bl
p = p; for sea chest boundaries (including top and partial bulkheads)
o = allowable stress. for longitudinal girders within 0.4 L given by:
Transversely Longitudinally
stiffened stiffened
190 f; — 120 £, maximum 130 130 f)
i

o = 160 f; within 0.1 L from the perpendiculars and for floors in general

= 120 f; for sea chest boundaries (including top and partial bulkheads)
fop, = stress factor as given in A200.

Between specified regions of longitudinal girders the o=value may be varied linearly.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 76
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(DNV Pt.3 Ch.1 Sec.7 C101), 2011

101 The thickness requirement corresponding to lateral pressure is given by:

15.8k, s J/p
t = ——— 4+t (mm)
NT
P = p;—DPg. Whichever is relevant, as given in Table B1
o =

= 140 f; for longitudinally stiffened side plating at neutral axis, within 0.4 L amidship
120 f; for transversely stiffened side plating at neutral axis. within 0.4 L amidship.
Above and below the neutral axis the o=values shall be reduced linearly to the values for the deck and

bottom plating, assuming the same stiffening direction and material factor f; as for the plating
considerad

= 160 ] within 0.05 L from F.P. and 0.1 L from A.P.

Between specified regions the o-value may be varied linearly.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 77

(DNV Pt.3 Ch.1 Sec.8 C102), 2011

102 The thickness requirement corresponding to lateral pressure is given by:

15.8k_ s //p
t = T‘ +1 (mm)
o

P = p;—DPi3. whichever is relevant, as given in Table B1
o = allowable stress within 0.4 L, given by:

Transversely Longitudinally

stiffened stiffened

175 f; — 120 ;4 maximum 120 f; 120 f;
o = 160 1] within 0.1 L from the perpendiculars and within line of large deck openings.

Between specified regions the o-value may be varied linearly.

fop = stress factor as given in A 200.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 78
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(DNV Pt.3 Ch.1 Sec.9 C101), 2011

C 100 Bulkhead plating

101 The thickness requirement corresponding to lateral pressure is given by:

15.8k,5 J/p
=1 (mm)
Jo
P = P —DPe. whichever is relevant. as given in Table B1
& = 160 f; for longitudinally stiffened longitudinal bulkhead plating at neutral axis irrespective of ship

length
= 140 f; for transversely stiffened longitudinal bulkhead plating at neutral axis within 0.4 L amidships.
may however be taken as 160 f; when pg4 or p; are used.

Above and below the neutral axis the o-values shall be reduced linearly to the values for the deck and
bottom plating. assuming the same stiffening direction and material factor as for the plating considered

= 160 f; for longitudinal bulkheads outside 0.05 L from F.P. and 0.1 L from AP. and for transverse
bulkheads in general

= 220 £, for watertight bulkheads except the collision bulkhead. when p, is applied.

Between specified regions the o-value may be varied linearly.
In corrugated bulkheads formed by welded plate strips. the thickness in flange and web plates may be differing.

The thickness requirement then is given by the following modified formula:

| 2
(= |300s°
a

2
-+t (mm)

£

n — thickness in mm of neighbouring plate (flange or web). not to be taken greater than t.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 79

DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6, 7, 8, 9

Allowable Stresses (o;) for Longitudinal Stiffeners

| . On Decks (Pt.3 Ch.1 Sec.8 C301)
e s 12251, 130 f,,;max 160 f,  : strength deck
—: L’O-Lon itudinal
g1

2251 —130,, 2222 ‘max 160 f,| aece eiow
z

strength deck

n

77777777777777 N 71Aj"7”””””j |—'GLon‘g'itudinal
’ On Inner Bottom (Pt.3 Ch.1 Sec.6 C801)
= 225£,-100,, - 0.70,,,max 160 £;|
: O-Lungitudinal

On Double Bottom Girders
(Pt.3 Ch.1 Sec.6 C901)

225, -110f,,, max 160f,|
On Double Bottom (Pt.3 Ch.1 Sec.6 C701) o
O-Longitudinal

%225ﬁ — 13Of‘Zb - 0'70-41; ‘ g, = mean double bottom stress at plate flanges, normally not to

be taken less than
=20 1 for cargo holds in general cargo vessel
=50 f1 for holds for ballast

O-Longitudinal

=85 f1 b/B for tanks for liquid cargo

_ 57(M5 + MW) Z:’:: t:lelelavr\%leBs,;?:s[lEn;VilBM lkN-m] Z,: vertical distance in [m] from the base line or deck line to the

2b2d . midehil N 3 neutral axis of the hull girder, whichever is relevant
Zb d Z,y‘,I;:;;g:‘ngrsj;t:l(ogsrgz?ﬁlus fem?] at Z,: vertical distance in [m] from the base line or deck line to the
’ (f: Pt.3 Ch.1 Sec.6 A201) point in question below or above the neutral axis, respectively
26° Pt.3 Ch. X
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(DNV Pt.3 Ch.1 Sec.8 C301), 2011

301 The section modulus requirement is given by:

>
831 spw 3
Z=— & (cm™), minimum 15 em?
o
P = Py —Pi3. whichever is relevant, as given in Table B1.
o = allowable stress, within 0.4 L midship given in Table C1

160 t; for continuous decks within 0.1 L from the perpendiculars and for other deck longitudinals in
general.

Between specifie(ﬂ regions the o-value shall be varied linearly.

For longitudinals o= 160 f; may be used in any case in combination with heeled condition pressures py and
sloshing load pressures, py; and p;,.

For definition of other parameters used in the formula, see A200.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 81

(DNV Pt.3 Ch.1 Sec.8 C302), 2011

302 The section modulus requirement is given by:

1000.’251)\1.'
PRl L

{em™ )
mo
p = p; to pg whichever is relevant. as given in Pt.3 Ch.1
Sec.7 Table Bl
wi = 1.05 when calculating sectional modulus for midspan

and upper end
= 1.15 when calculating sectional modulus for lower end

¢ = 130 f; for internal loads p3 to pg

o = 150 f; for external loads p;. p, and p i, given above

m = 18 in general

m = 12 at upper end (including bracket) in combination
with internal loads. p; to pg

m = 9atlower end (including bracket) and for upper end in

combination with external loads py. p, and p ;...

For main frames situated next to plane transverse bulkheads,
e.g. at the ends of the cargo region. the section modulus of the
mid portion of the frame is generally to exceed the section
modulus of the adjacent frame by a factor 3h,/h where:

h, = web height of adjacent frame
h = web height of considered frame.

The increased section modulus of the main frame adjacent to
plane transverse bulkheads need not be fitted if other equiva-
lent means are applied to limit the deflection of these frames.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 82
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(DNV Pt.3 Ch.1 Sec.6 C701), 2011

701 The section modulus requirement is given by:

831%s pw
Z= = -k (c1113)
a

p = Pjto p; (when relevant) as given in Table B1
o = allowable stress (maximum 160 f;) given by:

— within 0.4 L:

Single bottom Double bottom
225 f; — 130 £, 225, —130fy — 0.7 o

For bilge longitudinals the allowable stress oshall be taken as 225 £} — 130 £, (z, — z,)/z,,. where z,,. z, are taken
as defined mn Sec.7 A201.

— within 0.1 L from perpendiculars: o= 160 f;
Between specified regions the o~ value may be varied linearly.

& g = mean double bottom stress at plate flanges. normally not to be taken less than:
= 20 f; for cargo holds in general cargo vessels
= 50 f; for holds for ballast
= 85 f; b/B for tanks for liquid cargo

f o, = stress factor as given in A200

b = breadth of tank at double bottom.

Longitudinals connected to vertical girders on transverse bulkheads shall be checked by a direct stress analysis.
see Sec.12 C.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 83

(DNV Pt.3 Ch.1 Sec.6 C801), 2011

C 800 Inner bottom longitudinals

801 The section modulus requirement is given by:

831’ PW 3
7 = — = (cm™)
a
P = D4 to pys (whichever is relevant) as given in Table Bl

225 £, — 100 fHp — 0.7 ggwithin 0.4 L (maximum 160 f;)
= 160 f; within 0.1 L from the perpendiculars.

Between specified regions the o -value may be varied linearly.

a

oy = mean double bottom stress at plate flanges. normally not to be taken less than:
20 f; for cargo holds in general cargo vessels

50 £ for holds for ballast

85 1] b/B for tanks for liquid cargo

fy, = stress factor as given in A200
b = breadth of tank at double bottom.
Desion Theories of Ship and Offshore Plant, Eall 2014, Myung:ll Roh ’gam.m.un—dlnb £
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(DNV Pt.3 Ch.1 Sec.6 C901), 2011

901 The section modulus requirement of stiffeners on floors and longitudinal girders forming boundary of
double bottom tanks is given by:

100 s pwy,
Z= — P (cm3)
=2
P = DPi3topysas given in Table B1
p, for sea chest boundaries (including top and partial bulkheads)
o = 225f; - 110 5, maximum 160 f; for longitudinal stiffeners within 0.4 L

= 160 f; for longitudmnal stiffeners within 0.1 L from perpendiculars and for transverse and vertical
stiffeners in general.

= 120 f; for sea chest boundaries (including top and partial bulkheads).
Between specified regions of longitudinal stiffeners the o-value may be varied linearly.

=]
Il

5, = stress factor as given in A200.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 85
: 831%-s5-p-w,
Allowable Stresses O ules L3 chi Sec6 78,8 en 2004 | 7 B pv (0

9

- Longitudinal Stiffeners (1/6)

v fzzy,zd

|
----- R 1 | _ 5TM,+M,,)
: FH 2b,2d 7
| .| b,d
I T Mg: the largest design SWBM [kN-m]
i r M,: rule VWBM in [kN-m]
. I Z, 4+ midship section modulus [cm3] at bottom or deck as built
| L1
777777 INCA. O =0 | [I|  For example, 3,700 TEU Container Carrier: [ = 2.343¢'" cm*

|
! )/; Bottom: ¥, =9.028¢> cm
DN (=5 BOE NS DOC I 7, =2.595" cm' — Lbzwzl.oso

I Z
j b
@ 2
Deck: Y, =10.272¢" cm I
. +
Z,=2345¢" em® T fu :%:1.140
d

Section modulus of bottom is larger than that of deck,
So stress factor f;, is smaller than f,,.

Desion Theories of Ship and Offshore Plant. Fall 2014, Myung-Il Roh l“dlnb 86
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Allowable Stresses DNV Rules PL3 Ch Sec6, 7, 8,9 Jan, 2004 z 83[% (en)
- Longitudinal Stiffeners (2/6)

vZ,Z,

! L

| ] : 7, Vertical distance in [m] from the base

i 1 line or deck line to the neutral axis of

i 1 : the hull girder, whichever is relevant

I : Z}’l E

! ™ . Z,: Vertical distance in [m] from the base line
______ INA. Crning =9) o I , or deck line to the point in question

I g below or above the neutral axis

57(M.+ M . Mj : the largest design SWBM [kN-m]
= M M,y : rule VWBM in [kN-m]
7 Z,,+ midship section modulus [cm?] at bottom
b.d or deck as built

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 87

ules, Pt.3 Ch.1 Sec. an. ; 83 -s-p- Ve 3
Allowable Stresses P T o s S osva | 2o =g (o)
- Longitudinal Stiffeners (3/6)
z —Z
On Decks (Pt3 Ch.1 Sec8 C301) |0, = 225 f, =130 f,, —"Z 4
n
Lo, ..
For example, 3,700 TEU Container Carrier: Longitudinal
S =1.140
| Actual —> Assumption: 7 —z
_____ T________________f_u____v??__{"_] fi=10 z,=10.272, z, =0.000 — == =1, — 0, =70.3[Mpa)
— ZH
: = jft:?lo z,=10.272, z, =3.712 —» 572 20,639, — 0, =126.147 [Mpa]
! : ZI!
!
— T
! N.A == 2, =10272, 2, =9.782 Z"Z %2 20.048, > 5, = 217574 [Mpa]
777777 | IS S S " =160 [Mpa]
1 (Maximum: 160)

Mg Largest design SWBM [kN-m] Vertical distance in m from the base line or deck line to the

M,: Rule VWBM in [kN:m] : neutral axis of the hull girder, whichever is relevant

7, Midship section modulus [cm?] at bottom : Z,: Vertical distance in m from the baseline or deck line to the
or deck as built ¢ point in question below or above the neutral axis

- V4

b,d

Desion Theories of Ship and Offshore Plant. Fall 2014, Myung-Il Roh l“dlnb 88
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(DNV Pt.3 Ch.1 Sec.4 B301), 2011

301 The section modulus requirement is given by:

2
83I'spw, 3 3
= (cm™). minimum 15 ecm”
P = p;—Pp3. whichever is relevant, as given in Table B1.

allowable stress, within 0.4 L midship given in Table C1
160 f; for continuous decks within 0.1 L from the perpendiculars and for other deck longitudinals in
general.

Q
1]

Between specified regions the o-value shall be varied linearly.

For longitudinals o= 160 f; may be used in any case in combination with heeled condition pressures py and
sloshing load pressures. py; and py».

For definition of other parameters used in the formula. see A200.

I!dlﬂb 89
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DNV Rules, Jan. 2004,Pt.3 Ch.15ec.6,7,8,9 | :3312'S'I"Wk (cm’)
DSME, Dnv Rule di& A, 1991.8 | ~« o,

Allowable Stresses
- Longitudinal Stiffeners (4/6)

On Decks (Pt.3 Ch.1 Sec.8 C301)

Zn _ZH

T 2257 -130f,, 22—«
z

—— n

] For example, 3,700 TEU Container Carrier:

f,=128 f,, =1.140

- N A ,,,,,,,,,,,,, z,=10.272, z, =0.000 — T2y, —>|o-, =139.8[MPa]
V4

[ On Double Bottom (Pt.3 Ch.1 Sec.6 C701)
— [
i (== NS BAE B j 225f,-130f,,-0.70,,
! For example, 3,700 TEU Container Carrier, Assumption: oq, = 0

) £=10 f,=1.030
zZ —Z
_5T(Mg+M,) M the largest design swem [khem]  z, =9.208, z, =0.000 - “z “=1, HlO', =154.1[MPa]

J2b2d — 7 M,y : rule VWBM in [kN-m]
b.d Z,,: midship section modulus [cm?] at
bottom or deck as built

Allowable stresses at deck are smaller than
those at bottom, because the distance from
N.A to bottom is shorter than deck.

Zn : vertical distance in m from the base line or deck line to the
neutral axis of the hull girder, whichever is relevant

Z, : vertical distance in m from the base line or deck line to the
point in question below or above the neutral axis

g, : mean double bottom stress at plate flanges, normally not to
be taken less than
=20 f, for cargo holds in general cargo vessel
=50 f; for holds for ballast

If the mean double bottom stress (oy,) is considered as 20,
225f,-130f,,-0.70,

225x1.28-130x1-0.7x20 =— 0, =140.1[MPa]

= 85 f, b/B for tanks for liquid cargo
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Allowable Stresses e o o b {7, =TI (o)
- Longitudinal Stiffeners (5/6)

On Side Shell
(Pt.3 Ch.1 Sec.7 C301)

| 1
} 1 225f,-130f, %
: i Z Lo,

i o 130

I NA =0 pff | which is lesser.

[

i

57(MS + MW) Mj : the largest <_jesign SWBM [kN-m] Z, = vertical d_istance inm fr_om the b_ase line or deck line to the
be = — My, : rule VWBM in [kN-m] neutral axis of the hull girder, whichever is relevant
’ 7 Z,,+ midship section modulus [cm?] at bottom  Z, : vertical distance in m from the baseline or deck line to the
b.d or deck as built point in question below or above the neutral axis

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 91

(DNV Pt.3 Ch.1 Sec.4 C301), 2011

301 The section modulus requirement is given by:

2
83 I'spwy 3 . 3
Z= - (cm’ ), minimum 15 em
P = p;—Ppg. whichever is relevant. as given in Table Bl
o = allowable stress (maximum 160 f;) given by:

Within 0.4 L amidships:

Iy =%,

o = 225f - 1301,

il

= maximum 130 fj for longitudinals supported
by side verticals in single deck constructions.

Within 0.1 L from perpendiculars:
o= 1601,
Between specified regions the o~value may be varied linearly.
For longitudinals g= 160 f; may be used in any case in combination with heeled condition pressures pg and pg.

f; = stress factor £y, as given in Sec.6 A200 below the neutral axis
= stress factor f,4 as given in Sec.8 A200 above the neutral axis.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l!‘"ﬂb 92
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DNV Rules, Jan. 2004,Pt.3 Ch.15ec.6,7,8,9 | _83-s-p-w, s
Allowa ble Stresses uessmag Dnv Rule augA:fwm.s t P ’f/‘ ()
- Longltudlnal Stiffeners (6/6)
On Longitudinal Bulkhead
| a (Pt.3 Ch.1 Sec.9 C201)
----- i" o L Zn _Za
i ] 225f,—130f, 2o
. A V4
|
i : L, (o3
i 160
i N.A. (0,=0) N = which is lesser.
| ]
' ./ Z'
. y4
T i
() N D DO e
|
Q Max 160 f,
225/,
Mj : the largest design SWBM [kN-m] Z, = vertical distance in m from the base line or deck line to the
f = M Mf,,: rule VWBM in [kN-m] neutral axis of the hull girder, whichever is relevant
2b,2d 7 Z,,+ midship section modulus [cm?] at bottom  Z, : vertical distance in m from the baseline or deck line to the
b.d or deck as built point in question below or above the neutral axis
I!dlﬂb 93
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Rule still water bending moment

[Reference] Derivation of Coefficient 5.7 !
M, ==0.065C,,, L"B(C, +0.7)
Of Stress Factor, f“l (th, !iﬁ) Rule vertical wave bending moment

M, =—0.11aC, L B(C, +0.7)

Zy: In case of mild steel (f; = 1.0), rule midship section modulus
Pt.3 Sh.1 Sec5 C302

C
f _ Zo Z,=-""9’B(C, +0.7) (cm?)
2 = A
ZA Z,: Actual midship section modulus [cm3]

f, is the ratio of the rule midship section modulus (Z,) to
the actual midship jon modulus (Z,)

P _Cyol’B(C,+0.7) (1 J0.175)C,y L'B(C, +0.7)
? Z 0.175 Z,

A

5.7k 0.065} C,,,L’B(C, +0.7) C,oL'B(C, +0.7)
. Z

o f=sgx MstMy)
A

M . : Normally to be taken as the largest design still water bending moment in [kNm]. Ms shall not be taken less than
0.5 Mso. When actual design moment is not known, Ms may be tiken equal to Mso.

M . : Rule wave bending moment in [kNm]. Hogging or sagging moment to be chosen in relation to the applied

still water moment
ydlab .
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(3) Design Loads

Resian Theories of Ship and Offshore Plant, Fall 2014, Myung-ll Roh ’“dlﬂb 95

Contents

M Ship Motion and Acceleration
M Combined Acceleration

M Design Probability Level

M Load Point

M Pressure & Force
B Sea Pressure
B Liquid Tank Pressure
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[Review] Loads in Wave

In still water /)= b(x) — w(x): Load
‘ S5 (x)=b(x)—w(x)

X  fix): Distributed load in longitudinal direction
fs(x): Distributed load in longitudinal direction in still water
Jfu(x) : Distributed load in longitudinal direction in wave

v Loads in wave
* From 6DOF motion of ship ()
X X:[glafzaé%gbgbfﬁ]r

« For example, consider heave motion.
F)=fi(x) + [y (%)
=b(x) —w(x)it [ (xX) + [ (X) + [r(x)

“additional loads in wave

v Ref.> 6 DOF motion of ship

Yaw &

Where,

i In order to calculate loads in wave,
7°  we have to know &, &,.

Ky fpx): Diffraction force in a unit length € = 2
Urg@(s fx(x): Radiation force in a unit length How to know 53’ 537
x 7 frx(x): Froude-Krylov force in a unit length

I!(".nb 97
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[Review] 6 DOF Equation of Motion of Ship

T v’ Pressure acting on hull
= <o Linearized oD op, o0, ob

How to know X, X? pearited o Prug = P87~ P o :—pgz—p(f“r Lt

- - . ot ot ot ot
By solving equations of motion, === |

t th lociti d . :

‘;"Cececlae’:a%izns_e velocities an :(\/ Fluid force acting on hull o> 0. &b \:
| b l], pras [ peenis—pf] S0 s
| Sp Sy Sz~ Ot ot ot i
: = FSm/ic + FF kt FD + FR :
S <:

' - - T
v 6 D.O.F equations of motion of a sh|b in waves

'Pressure force acting as surface force on hull

| ity |
| P |
= F Gravity + Friia e
. External force excluding wave
ﬁff oKyt force Body force Surface force exciting force (ox. control foree)
F: Radiation force Mx W»!;-I- Fszu_ + FF.K + FD vternal. dvamic +FEXWW! smzidi

(I)I : Incident wave velocity potential

Fooo F. »
@, Diffraction wave velocity potential ﬂ Restoring Wave exciting

AN
@ ,: Radiation wave velocity potential Added Damping

mass Coefficient

M, 166 added mass matrix Mx = (F, Graviy T Fouic) + Fyne exciting AX-BX+Fp 0, dymamic T | Do ——
B:6x6 damping coeff. matrix
C:6x6 restoring coeff. matrix Linearization , (Fregoime = (F(;,,,W,y +Fy) # —Cx)

(M + A) X+ BX+Cx = Fyeevcining + Frvemat, amanic + Fruemar suaic
By solving equations of motion, we can get the velocities and accelerations of the ship! )

N
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(1) Ship Motion and Acceleration
- Empirical Formula of DNV Rule

DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4

v Ref. 6 DOF motion of ship

Common 3C -
Acceleration a, = T +CC,
Parameter
Surge
Acceleration

a,=0.2g,a,/C,

Combined
Sway/Yaw
Acceleration
Heave
Acceleration

a,=03gyq,

o)

a,=0.7g,

VG,

Common Acceleration Parameter, a,

Tangential Roll

. 3C
Acceleration a, _ 2w

27 :
"’(z]

ap = T+CVCV]

Tangential Pitch Vz

2 .
X 2 Gy = maximum0.2 C,, = Wave coefficient
Acceleration a, =0l = | R . [ G
P T 1 G=p 0.8 o
V4 L <100 | 0.0792-L
100 < L <300 | 10.75-[(300-L)/100]"*
. ) 300<L <350 | 10.75
g, : standard acceleration of gravity L£>350 | 10.75-[(L-350)/150]*

=9.81m/s*

I!dlﬂb 99

(DNV Pt.3 Ch.1 Sec.4 B400)
Roll Motion and Acceleration

B 300 Surge, sway /vaw and heave accelerations
301 The surge acceleration is given by:
a_=02g.a,/Ch (m.’sl)
Ay = Ve=Epdoa-B
302 The combined sway/yaw acceleration is given by:
a, =03 g5ay (w's?)

303 The heave acceleration is given by

o 2
a, =07g (m/s™)
’ /%
B 400 Roll motion and acceleration
401 The roll angle (single amplitude) is given by
50¢ .
P O
¢ =(125-0.025Tp) 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=—=
VST

k, = roll radius of gyration in m
GM = metacentric height in m.

2ydlab

2015-08-05
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(DNV Pt.3 Ch.1 Sec.4 B400) Roll Motion and Acceleration
(DNV Pt.3 Ch.1 Sec.4 B500) Pitch Motion and Acceleration

The values of k, and GM to be used shall give the minimum realistic value of T 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
35 B for tankers in ballast
= 0.25 B for ships loaded with ore between longitudinal bulkheads
GM = 0.07 B in general
= 0.12 B for tankers and bulk carriers.
= 0.05 B for container ship with B <32.2m
.08 B for container ship with B > 40.0 m
with interpolation for B in between.

403 The tangential roll acceleration (gravity component not included) is generally given by

2 2
| Ry (m/s™)

a =g

\Tq

Ry = distance in m from the centre of mass to the axis of rotation.

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

z = the smaller of ]:% + E} and [Iﬂ

404 The radial roll acceleration may normally be neglected.
B 500 Pitch motion and acceleration

501 The pitch angle is given by:
a,
8 =0.25 C_B (rad)

502 The period of pitch may normally be taken as:

—
=182
N &0

503 The tangential pitch acceleration (gravity component not included) is generally given by

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 101

(DNV Pt.3 Ch.1 Sec.4 B600)
Combined Vertical Acceleration

a, = H[— } : Ry (m’sz)
Tp = period of pitch
Rp = distance in m from the centre of mass to the axis of rotation.
The pitch axis of rotation may be taken at the cross- section 0.45 L from A.P. z meters above the baseline.
zZ = asgivenin 403.
With Tp as indicated in 502 the pitch acceleration is given by:

o o RP 2
a, = 120 ST (m/s™)

504 The radial pitch acceleration may normally be neglected

B 600 Combined vertical acceleration

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

k. goa
v =070 2
a, = < (m/s™)

= l.3aftof AP.
= 0.7 between 0.3 L and 0.6 L from A.P.
= 1.5 forward of F.P.

Between mentioned regions k, shall be varied linearly, see Fig.3.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh l“dlﬂb 102
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(1) Ship Motions and Accelerations DHY Rules, Jan. 2004,243 Ch.1 Sec.4
- Roll Angle & Roll Period
v Roll angle v" Pitch angle
50¢ 49
= —— rad 0=0.25— rad
$=pr75 @ Cp (rad)
P oo 70'(;255551)‘»1\;;11)113@‘ keel 3 = %*CVCVI

1.0 for ships with bilge keel
0.8 for ships with active roll damping facilities

Ty as defined in 402, not to be taken greater than 30.
v" Roll period v Pitch period
2k L
r = —_—
Tg = (s) T, = 1.8 . (s)
~ GM 0
k,: 0.39B for ships with even transverse distribution of mass g, : standard acceleration of gravity
35B for tankers in ballast 0

.25B for ships loaded with ore between longitudinal bulkheads =9.81m/s*
GM-= 0.07B in general
=0.12B for tankers and bulk carriers

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 103

(2) Combined Acceleration o R 20001 et

) 3) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B402

= COmbined Vertical Acceleration (a“ 4) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec4 B303
v The acceleration along the ship’s vertical axis considering combined effect of

heave, pitch & roll motion"
BRI PR
C, - =V
ay
K, = Acceleration distribution factor along the length of vessel Heave “~ 0.7gnTh ‘
=0.7 between 0.3L and 0.6L from AP, Acceleration? ertical component of
a, = Common Acceleration Parameter Vertical component of tangential pitch
tangential roll acceleration acceleration

a_=a,cosa

z p=¢" cos(%rt)

(2 2' 27
p=9¢ (Tj COS(T 1)

R R

Z't
<Section View> :¢

a,=¢-R, a, : tangential roll acceleration

to the axis of rotation

27 : R, :distance in m from the center of the mass
4
Rr
« :angle of center of mass about

the body fixed coordinate system
¢ :roll angle

#" :roll angle amplitude”

T, : period of roll”
g, :standard acceleration of gravity

(J : O —xyz: Space-fixed coordinate system

"0 —x'y'’z": body fixed coordinate system =9.81nv/s’ 104
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(DNV Pt.3 Ch.1 Sec.4 B303, B401, B401), 2011

B 400 Roll motion and acceleration
401 The roll angle (single amplitude) is given by:
_ _50c
P=grs @D
e =(125-0025Tpk
k = 1.2 for ships without bilge keel
= 1.0 for ships with bilge keel
= 0.8 for ships with active roll damping facilities
Ty = as defined in 402, not to be taken greater than 30.

402 The period of roll 1s generally given by

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 realistic value of Ty _for the load considered.
]I;n c:\s?d k, and GM have not been calculated for such condition, the following approximate design values may
e use

k, = 0.39 B for ships with even transverse distribution of mass

= 0.35 B for tankers in ballast

= 0.25 B for ships loaded with ore between longitudinal bulkheads
GM = 0.07 B in general

= 0.12 B for tankers and bulk carriers

= 0.05 B for container ship with B <322 m

= 0.08 B for container ship with B > 40.0 m

with interpolation for B 1n between.

303 The heave acceleration is given by

2
(m/s™)

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 105

1) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B602

(2) Co m bined Acceleratio n 2) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B401

- Combined Vertical Acceleration (a) ___ouccomrio o

v The acceleration along the ship’s vertical axis considering combined effect of

heave, pitch & roll motion"
2 2 2 2
_kg.a, @, =max \/a +a_,.Ja’+a
v — = —= Pz
G, -
a
H a,=0.7g,—=
K, = Acceleration distribution factor along the length of vessel eave X '\/Fry
=0.7 between 0.3L and 0.6L from AP, Acceleration? ertical component of
a, = Common Acceleration Parameter Vertical component of tangential pitch
tangential roll acceleration acceleration

2z
0=0"cos(=—t
cos( 7 )

P

<Elevation View> 5 2 5
=0T | -cos(ZZ 1)
T, T,

P

/

a, : tangential pitch acceleration R, : distance in m from the center of the mass
6" : pitch angle amplitude)” to the axis of rotation
6 : pitch angle

O —xyz: Space-fixed coordinate system

3 :angle of center of mass about

. . z H 3)
O—x'y'z': body fixed coordinate system T} - period of pitch the body fixed coordinate system 106
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(2) Combined Acceleration 1) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B700
- Combined Transverse Acceleration (a‘)

v" The acceleration along the ship’s transverse axis considering combined effect of
sway, yaw & roll motion"

a = ayz+(g0sin¢5-i—@)2

Combned ey ] | L ponserse componentof
& yaw acceleration Transverse component 9
a, =0.3gq, of acceleration of gravity by roll angle
. 2
a, =a,sina a“,-=¢‘4(27”) R

Z'T¢ z
<Section View>

a, : tangential roll acceleration

R, :distance in m from the center of the mass
to the axis of rotation

¢ :roll angle

#" :roll angle amplitude

——>y' Ty, : period of roll”
— g, :standard acceleration of gravity
=9.81nvs’

€ 8o / . O —xyz: Space-fixed coordinate system
leri 8o S 9 o- x'y'z": body fixed coordinate system 107

(DNV Pt.3 Ch.1 Sec.4 B701), 2011

701 Acceleration along the ship's transverse axis is given as the combined effect of sway/vaw and roll
calculated as indicated in 100. i.e.:

2 . 3 2
a = Ja + (gosing + ) (m/'s™)
ay = transverse component of the roll acceleration given in 403.
Note that Ay is equal to a, using the vertical projection of Ry.
Resian Theories of Ship and Offshore Plant, Fall 2014, Myung:l Roh ’gammm—dlnb e
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1) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B800

(2) Combined Acceleration
- Combined Longitudinal Acceleration (“L)
v The acceleration along the ship’s longitudinal axis considering combined effect of

surge & pitch motion"

a,=a’+(g,sinf+a,)
(A X go px
. Longitudinal component of
Combmeld Sway & Lthe pitch acceleration
yaw acceleration Longitudinal component
a,=028,a/C, of gravitational acceleration by pitch angle
Z z a 2
a 79A[2”j R

’
<Elevation View> 9 - p= T
\ a » a = P
1
\. . a, : tangential pitch acceleration
N -

R, :distance in m from the center of the ma

to the axis of rotation
6 pitch angle

6" : pitch angleamplitude”

| T, : period of pitch”
! G
: g, : standard acceleration of gravity
— 2
O — xyz:Space — fixed coordinate system 8o . =9.81m/s
0 -x'y'z' : body fixed coordinate system gy Sm 0 100

(2) Combined Acceleration
- [Example] Vertical Acceleration
(Example) Calculate the vertical acceleration of a given ship at 0.5L (amidships) by

DNV Rule.
[Dimension] L=315.79 m, V=15.5 knots, C;=0.832

K, = Acceleration distribution factor along the length of vessel

k.ga
L= _¥9o o =0.7 between 0.3L and 0.6L from A.P.
Cb a, = Common Acceleration Parameter
g, = Standard acceleration of gravity (=9.81m/sec’)

(Sol.)  a,=(k,gya,)/ Cy =(0.7x9.81x0.277)/0.832

=2.286 (m/sec2)

where, k, =0.7 at mid ship
ay,=3C, /L+C,C,=3x10.75/315.79+0.2x0.872 =0.277

C,=L"/50=315.79"/50=0.355 or Max. 0.2

=0.2
C,=V/L*=155/315.79"°=0.872 or Min. 0.8

=0.872

l“dlﬂb 110
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1) DNV, Fatigue Assessment of Ship Structures, p.18, 2003

(3) Design Probability Level

Extreme values

/ Once 25 years

= Probability Level"

Once a day

100 101 102 103 104 105 106 107 108 N
108 107 100 105 104 103 102 10l 100 Q
Local scantlings

Hull girder strength Fatigue strength

Buckling strength
Local strength of container supports

= Design Probability Level?
v Number of waves that the ship experiences during the ship's life (for 25 years): about 108
» The ship is designed to endure the extreme wave (108 probability) which the ship encounter
once for 25 years.
(Extreme condition: Ship motion, acceleration is given as extreme value.)
v In case of design pressure, use the reduced value of 10 (Reduction value = 0.5xExtreme value)

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 11
(4) Load Point DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 A 202

- Horizontally Stiffened Plate p.=p. [ 0670+ 0)-012/FE ¢ |

v' The pressure at the load point is
| considered as uniform load of unit strip

v' Definition of load point
1. General

! : Midpoint of stiffened plate field
_I/ \ 2. Seam & butt (In case two plates are welded)
1) When considered plate includes the midpoint

of stiffened plate field
: Midpoint of stiffened plate field

Ky 2) When considered plate does not include
the midpoint of stiffened plate field

: Nearest seam or butt line from midpoint

v Load point of sea pressure acting on the side plate

Unit strip

s longi.spay

®: Load point

112

2015-08-05

56



(DNV Pt.3 Ch.1 Sec.4 A201, 202), 2011

A 200 Definitions
201 Symbols:

p = design pressure in kN/m?
p = density of liquid or stowage rate of dry cargo in t/m?3.
202 The load point for which the design pressure shall be calculated 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 is not varied linearly over the span the design pressure shall be taken as the greater of:

P+ P

P, and aTh

P Pa and py, are calculated pressure at the midpoint and at each end respectively.
¢) For girders:

midpoint of load area.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 113

(4) Load Point DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 A 202
- Longitudinal Stiffeners (1/2)

v' The pressure at the load point is
I considered as uniform load

v" Definition of load point
1. In vertical direction

! : The point of intersection between a plate
’_1/ \ and a stiffener

2. In longitudinal direction
: Midpoint of span

v Load point of sea pressure acting on the side plate
- In vertical direction

e : Load point

s : longi.spacing

K [:longi. spay

114
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(4) Load Point
- Longitudinal Stiffeners (2/2)

DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 A 202

p=pg, [0.67(h,+a 1)-0.12JH 1, @ }

v" The pressure at the load point is
considered as uniform load

* Pressure distribution can be changed in
longitudinal direction

v" Definition of load point
1. In vertical direction

: The point of intersection between a plate
and a stiffener

2. In longitudinal direction
: Midpoint of span

s : longi. spacing

[ :longi.span

v Load point of sea pressure acting on the side plate
- In longitudinal direction

®: Load point

115

(5) Pressure and Force
- Sea Pressure

DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 C 201

P=P +P,

v’ Sea pressures = Static sea pressure + Dynamic sea pressure

Hy : Always positive

|
|
| T
|
|

F, = pghy =10h,

]

h, —%@ :
] =T .

hyl B I
R —

Static Sea Pressure

})dzpdp

Dynamic Sea Pressure

Resian Theories of Ship and Offshore Plant. Fall 2014, Myung:Il Roh
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(5) Pressure and Force 1) DNV Rules, Pt.3 Ch.1 Sec.4 €300, Jan. 2004
- Liquid Tank Pressure (1/7)

v' The pressure in full tanks shall be taken as the greater of p, ~ ps"

a, : Vertical acceleration

p=p (gn +0~5au) h, P,: Considering vertical acceleration #: Roll angle
P.=pP8&, [ 0~67(h\~ +¢ b)—(). IZ\IH b ¢ ] P,: Considering rolling motion b ;iz?:nfe'giﬁSf:]t'}:'ri"ti:ie"load

point to the tank corner at top

P=pg, |: 0.67(h,+61)-0.12yH [ 0 } P;: Considering pitching motion of tank
b &l: Breadth and length in [m] of
p,=0.67 (p gahp + APJM) P,: Considering overflow top of tank

. . P : Density of liquid cargo
p=pgh+p, P5: Considering tank test pressure

h, : Vertical distance from the
load point to tank top in tank

v' Maximum pressure is different depending on locations h, : Vertical distance from the
load point to the top of air pipe

Py : 25 kN/m? general

O 0% 3

Ap,,, : Calculated pressure drop

GG G

14, Myung-Il Rob ’!dlﬂb 17

(DNV Pt.3 Ch.1 Sec.4 C301, C302), 2011

301 Tanks for crude oil or bunkers are normally to be designed for liquids of density equal to that of sea
water, taken as p = 1.025 t/m? (ie. p gy = 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
notation HL(0), 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 appendix to the classification certificate.

302 The pressure in full tanks shall be taken as the greater of:
p=p(gy+0.5ay) hy (KN/m?) [1]

D = gy [0.67(h, + ¢b)—0.12 b 4] (kNm’) [2]

p = pg,[0.67(h, + 80012, fHLH] (Nm) [3]
pP= 067 (pgghy+ Apgy) (Nm?) [4]
p= pgoh +tpy (KNm?) [5]

= vertical acceleration as given in B600. taken in centre 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/m3. normally not to be taken less than 1.023 t/m3

(ie. pgg=10)

= the largest athwartship distance in m from the load point to the tank corner at top of the tank which

is situated most distant from the load point. For tank tops with stepped contour. the uppermost tank
corner will normally be decisive

T T onoeep
Il
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(DNV Pt.3 Ch.1 Sec.4 C302), 2011

It

b
by
Po

Apdyn =

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

The formulae normally giving the greatest pressure are indicated in Figs. 4 to 6 for various types.
For sea pressure at minimum design draught which may be deduced from formulae above. see 202.
Formulae [ 2 Jand [ 3 ] are based on a 2% ullage in large tanks.

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
situated 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

tank pressure valve opening pressure when exceeding the general value.

calculated pressure drop according to Pt.4 Ch.6 Sec.4 K201.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 119

p=plg,+0.5a)h, P,: Considering vertical acceleration
(5) Pressu re a nd FO rce Po=p2.|0.67(h+$b)~0.12JH B, § ] Py Considering rolling motion
H H P.=pg.|0.670h,+01)-0.12FT @ Py Considering pitching motion
- Liquid Tank Pressure (2/7) 063l nap) by Considringavrfow
P:=P8MFD, P: Considering tank test pressure

v Design pressure P, considering vertical acceleration (General)

P =pg,h. +0.50ah
-_ﬂ__ 1 piOS \ pjv s)

Static Pressure Dynamic Pressure

| Reduced value of 104 by probability
1 level is used.
1

p=p(g,+0.5a)h,

a, : Vertical acceleration

h, : virtical distance in m from load point to top of tank

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 120
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(5) Pressure and Force
- Liquid Tank Pressure

p.=plg,+0.5a)h, P,: Considering vertical acceleration
Pp.=pg.|0.67(h+b)~0.12Hb,§ | Py Considering rolling motion
Po=p2.|0.670h+01)-0.12HT @) Py Considering pitching motion
p,=0.67(pg h +AP_) P,: Considering overflow

(3/7)

v" Design pressure P, considering vertical acceleration (In case of side shell)

P =p8M P, P: Considering tank test pressure

In case of side shell, the effect of sea pressure is
considered.

P = pgohs + Ospavhc - IOhb
\

Dynamic Sea
Pressure Pressure

Static
Pressure

,’ When we consider the design pressure, the \
i largest value shall be applied. The liquid cargo |
| pressure acting on the side shell is the highest 1
: when the sea pressure is the lowest, i.e. in case of |
«minimum draft. !

p = ,O(g() + O’Sav)hs _1Ohb

hy: vertical distance in m from load point to minimum design draft

=20.02L for Tanker
=0.35T for Dry Cargo
(T : Rule Draft)

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh
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p.=plg,+0.5a,)h, P,: Considering vertical acceleration

(5) Pressure and Force
- Liquid Tank Pressure (4/7)

Po=pg.|0:67(h+pb)-0.12H 5§ |
P=pg,|0.67(h+01)-0.12/HT |
p,=0.67p g.h, +AP,)

P,: Considering rolling motion
P;: Considering pitching motion

P, Considering overflow

v" Design pressure P, considering vertical acceleration (In case of bottom shell)

D= P &M P, P, Considering tank test pressure

In case of bottom shell, the effect of sea
pressure is considered

- P= h.+0.5pa h|-10T,
i ng s pav s M

/ \ X

!
!
!
!
! h E Static Dynamic  Sea
| ! i Pressure Pressure Pressure
| i
— Ly cTTTTTTTTETETEEETEITETIETIE IR TS
! Ly A | When we consider the design pressure, the \:
! [ ] ! largest value shall be applied. The liquid cargo
| ry bid T 1 pressure acting on the bottom shell is the highest |
i N M | when the sea pressure is the lowest, i.e. in case of
. NN ‘minimum draft. /
h 1 IEOREERETTE
s P T 2 KN i
I = —
T p = p(g, +0.5a,)h, —10T),

T,, : vertical distance in m from load point to minimum design draught
=2+0.02L for Tanker
=0.35T for Dry Cargo

(T : Rule Draft)

ydlab
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DNV Rules, Pt.3 Ch.1 Sec.4 B800, Jan. 2004

(5) Pressure and Force
- Example) Calculation of P, Pressure
(Example) When the tank is filled up, calculate the P, pressure of inner bottom
and deck by using vertical acceleration (¢,=2.286 m/s?) and dimensions of tank

which is given below.
[Dimension] Inner bottom height: 3.0 m, Deck height: 31.2m, p = 1.025 ton/m?

p = density (ton/mz)
Pl = p(go + O'SQV ) hs ‘ a, = Vertical acceleration

g, = Standard acceleration of gravity (=9.81m/sec?)

h_ :virtical distance in m from load point to top of tank

(Sol.) a, =2.286 m/s’

@ Inner Bottom @ Deck

h =312-3.0=28.8 m 5 =312-312=0m

P =p(g,+05a)h  R=p(g,+05a,)h,
~1.025(9.81+0.5x2.286)x28.2 | =1.025(9.81+0.5%2.286)x0
=316.6kN | m’ o/

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

ydlab s

(DNV Pt.3 Ch.1 Sec.4 B801), 2011

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 indicated in 100. i.e.:

2 2 2
a; = fa,~ + (ggsin &+ apxl' (m/s™)

apy = longitudinal component of pitch acceleration given in 503.
Note that A is equal to ap using the vertical projection of Ry,

l“dlﬂb 124
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> / static pressure is applied.
/\)¢\u ﬁ h, Assumption: g<< 1
3 I = h =h cos¢=h,
; B | h, =bsing ~b¢
SR =h o+ h
Load point — (hs + b¢)

p.=plg,+0.5a)h, P,: Considering vertical acceleration
(5) Pressure and Force Pp.=p,|0.67(h+b)~0.12Hb,§ | Py Considering rolling motion
H H P.=p2.|0.670h,+01)-0.12HT @) Py Considering pitching motion
- qul."d Tank Pressu re (5/7) p,=0.67(p g h +AP.) P,: Considering overflow
Pi=pEh Jriﬂ P: Considering tank test pressure
DSME, &7 =47 5-3
v Design pressure P, considering the rolling motion DNV Rules, Pt3 Ch.1 Sec4, Jan. 2004
! ¢I A . . .
9 Air pipe When the ship is rolling, the higher

S

Py = pg[0.67(h, + gb) — 0.12[Hh, ]
f T

In case of rolling of a ship, two The filling ratio of the most
o . . o
H Height in m of the tank th\rd. (=0.67) .of qctual pressure is tank is about 98 A) )
b; Breadth in m of top of tank applied considering pressure That (about 2%) is considered.
drop by overflow. 125
p=plg,+0.5a)h, P,: Considering vertical acceleration
(5) Pressu re and Fo rce p,:pg,,[0‘67(h‘+¢b)—0‘12\/m] P,: Considering rolling motion
H H p.=pg.|0.67(h,+01)-0.12[FT#| Py Considering pitching motion
- Liquid Tank Pressure (6/7) el et by Considringavrfow
Pi=pENTD, Ps: Considering tank test pressure
. X . DSME, &7 =47 5-3
v Design pressure P, considering the tank overflow DNV Rules, Pt3 Ch.1 Secd, Jan. 2004
Air pipe The liquid of tank is filled up to air pipe in
case of tank overflow.
| So, i, is used for calculating static pressure.
h h, = vertical distance in m from the load point
hs r to the top of air pipe

Load point

p= 0.67(pg0hp +Aden)
| b f

Calculated pressure drop
Generally, 25kN/m?

In case of rolling of a ship, two
third (=0.67) of actual pressure is
applied considering pressure
drop by overflow.

Desion Theories of Shi and Offshore Plant. Fall 2014, Myung-Il Roh l“‘“ﬂb 126
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(5) Pressure and Force
- Liquid Tank Pressure (7/7)

p,=plg,+0.5a)h, P,: Considering vertical acceleration
Ppo=p .| 0.67(h+¢b)~0.12Hb,§ | Py Considering rolling motion
Po=p2.|0.670h+01)-0.12HT @) Py Considering pitching motion
p,=0.67(p g h +AP,) P,: Considering overflow

v Design pressure P; considering the tank test pressure DNV Rules, Pt3 Ch.1 Secd, Jan. 2004

for leakage.

- Over-pressure is applied in order to have the water
head of 'tank height + 2.5' [m] in case of tank test

(Water head of over-pressure of tank test: 2.5m)

P=pgh+p, P.: Considering tank test pressure

DSME, Mt =M 5-3

p:pgohs +—Pi

= E -
- N,
.. P

e T P R

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh
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(4) Scantling of Plates

ydlab =
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Scantling of Plates (1/3)

(a) Beams attached to plating

Use of eccentric beam element

(b) Structural model using eccentric beam element

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

rydiab

Scantling of Plates (2/3)

| Midship Secton

P : “pressure” on the load point for the stiffener

Side Girder
Longitudinals N
A | | [ — % ____Web Frame

Bottom'plate

“Wnit §er9 plate

Bottom plate \

ydlab
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Scantling of Plates (3/3)

P : “pressure” on the load point for the stiffener

| Midship Secton

~V Unit Strip plate

Side Girder

o

Longitudinals

Bottom'plate

Bottom plate N

s : Longitudinals span

t : Plate thickness
N.A. : Neutral Axis

Longitudinals

Bottom plate

t ! N.A
S 1 l—>
L 1
ttetettttts
fixed p fixed

Assumption 1. Cut off the unit strip plate supported by the longitudinals or girder. And
consider the unit strip plate as a “fixed-end beam” which has a span 's’, thickness 't'.

Assumption 2. Consider the lateral load of the beam as a uniformly distributed load.
(Assume the pressure on the load point as an intensity of uniformly distributed load.)

Assumption 3. The design of plates is based on the plastic design.

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

sydlab 1

Comparison between Stiffener and Plate

P : “pressure” on the load point for the stiffener
e e

" st Stiffener spacing

I: Stiffener span/

<" Unit strip

\ s Stiffener spacing /

v Longitudinal stiffener attached to the plate

l : Stiffener span
S : Stiffener spacing

v Unit strip plate

Longjtudinals

N.A.: Neutral Axis
Bottom plate

S : stiffener spacing

1 : Unit length of strip

2015-08-05
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[Reference] Derivation of the Thickness Requirement of

the Plates (1/2)

Flexure formula

M M

Substituting

=——=— | Given: Bending moment "M"
I/y Z | Find: Thickness requirement “t"

Longifudinals

formula: P 16
B p-l-s°
et 16-0‘, Plastic section modulus (Zp)i
TP i 2 2 H
g H .
?LIbStI::u_tm 1 = lit = L : For example, the allowable stress
Jormula: . K L 4 4 ! of bottom plating is given by:
£ wp o, =120f,
req. p |:'> tw- where, f; : Material factor
4 160, bNE
14, Myung:Il Roh s dlﬂb 133

the Plates (2/2)

[Reference] Derivation of the Thickness Requirement of

Flexure formula

_M M

== Given: Bending moment "M”
I/y Z | Find: Thickness requirement “t"

Longifudinals

s\/p 1000[mm]-1[1000/1000* [N / mm®] M\I My—kprs
; req. = : [mm
2oy JUIN /]
_18sp
— oo
15.8k 5/ p
l‘re q. = +1 i [mm] k, = correction factor for aspect ratio of plate field
\ O-/ t, = corrosion addition
14, Myung:Il Roh I“G“Glb 134
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Comparison of the Elastic and Plastic Design of the Plate
- Overview

Flexure formula
M M

oO=——=—
Iy 2 | N
Plastic Design b Elastic Design i

Substituting Plastic moment (M,)

Substituting | Elastic moment ()

 formula: _pls’  formula: | A/[_pd-s2
’16 L 3 12
i Plastic section modulus (Zp)i . ! Elastic section modulus (2)

k, = correction factor for aspect ratio of plate field t, = corrosion addition

14, Myung-Il Rob ’!dlﬂb 135

Comparison of the Elastic and Plastic Design
- [Example] Thickness Requirements

Longjtudinals

Plastic moment (sz) Elastic moment (M)
.1 .52
M =Pl poPls”
P 16 12
Plastic section modulus (Z,) Elastic section modulus (Z)
127 BN
P4 4 66

@ Ex. A mild steel plate carries the uniform pressure of 100
kN/m?2 on a span length of 800 mm.

Compare the thickness requirement depending on the plastic
design and elastic design.

- 58ksp L 2Aksp
Vi \Joy N
_15.8x1x0.8x~+/100 =824() _ 22.4x1x0.8x~+/100 =1169(mm)

. mmy). : .
s e : s |
The thickness requirement of the plate of plastic design is smaller than that of
the elastic design at the same pressure and on the same span.

k, = correction factor for aspect ratio of plate field

14, Myung-Il Rob l“dlﬂb 136
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Comparison of the Elastic and Plastic Design
- [Example] Design Pressure

) Longjtudinals
Elastic moment (M)

Plastic moment (M,)
152 1.2
v ooPLs _pls JH
’ 16 12 v|
. . 3 {
Plastic section modulus (z,) Elastic section modulus (2) w :
1.2 ¢ 1.2 7 h
7 = =— J=—=_ )
P4 4 6 6

@ Ex. A mild steel plate has a thickness of 10 mm on a span

length of 800 mm.
Compare the design pressure that the maximum stresses of

the plate reaches the yield stress depending on the plastic
design and elastic design.

o : o
P plastic = 15.8% 52 Petastic = 20422
2 M98 2 M9°&
10235 N ] S L0235 BTN ]
15.820.87 oot ' 2047082 o

The design pressure of plastic design that reaches the yield stress, is higher
than that of the elastic design on the same span with the same thickness.

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

I!dlﬂb 137

(5) Scantling of Stiffeners

ydlab
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Scantling of Stiffeners (1/3)

D : “pressure” on the load point for the stiffener

Transverse web

e
[

% Side Girder

Longitudinals

Longitudinal stiffeners

Bottom plate N

s longi.spacing
I longi.span

A = shaded area
= area for axial stiffness

b, effective breadth
* Okumoto, Y., Takeda, Y., Mano, M., Design of Ship Hull Structures - a Practical Guide for Engineers, Springer, pp. 17-32, 2009

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 139

Scantling of Stiffeners (2/3)

P : “pressure” on the load point for the stiffener

/ Side Girder

Longitudinals

Bottom plate

s longi.spacing

I:longi.span

Assumption 1. Cut off the stiffener and attached plate with effective breadth. Sectional
properties of stiffener are calculated including attached plate.

Assumption 2. Consider the stiffener and attached plate as a “fixed-end beam”
supported by the web frames.

Assumption 3. Consider the lateral load of the beam as a uniformly distributed load.
(Assume the “pressure” on the load point as an intensity of uniformly distributed load.)

Assumption 4. The design of stiffener is based on the elastic design (when the load is
removed, the material returns to its original dimensions)

70



Scantling of Stiffeners (3/3)

D : “pressure” on the load point for the stiffener

Side Girder "."‘ t
‘

Longitudinals

=2y Web Frame

Bottom plate

s longi.spacing
1 longi.span

Relation between p-s and w

p- pressure

(load per unit area)
.

p-s: distributed load

(load per unit length)
Il
w: distributed load
(load per unit length)

X
wl*| w=p-s psl2
—| —— |—/—|S !
L=1 e

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

I!(".nb 141

[Reference] Derivation of the Formula
for the Scantling of the Stiffener (1/2)

Flexure formula

Given: Bending moment “M”
Find: Required section modulus “Z"

o<o0,
Substituting into

" g,

-

For example, the allowable stress of bottom
longitudinal stiffener is given by:

0,=225£-1001,,—0.70,,

/; + material factor fo stress factor
o,,: mean double bottom stress

l“(“nb 142
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[Reference] Derivation of the Formula
for the Scantling of the Stiffener (2/2)

Flexure formula

i PE—
o= = Given: Bending moment “M”

Ily Z Find: Required section modulus “Z"

“ 120, 120, 1[N S| 1 1

:—.— [em’]

psl’ _Lﬁ[lOOO/lOOOZWJs-IZ(100[cm]~1002[cm2]J

wy: Section modulus corrosion factor in tanks

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 143

[Reference] Effective Breadth of Attached Plates

When the lateral pressure is
imposed, the stress distribution in
plates and stiffeners is complicated
as shown in the figure.

Bending | The longitudinal stress in the

Moment | attached plate will be a maximum at
the connection line to the stiffener
and become smaller gradually
beyond this line.

Considering the strength, the stiffened panel will be assumed to be a collection of beams
which include some parts of the attached plate. The breadth of this plate is called the
“effective breadth”.

Ex. DNV Rule: Effective flange of girder? b
The effective plate flange area is defined as the cross sectional area of plating b,
within the effective flange width. Continuous stiffeners within the effective range ,.—.—..~. e —

may be included. The effective flange width b, is determined by the following e

formula: #Reduction factor - -
b,=Csb(m) J:/ L/ M
\_'_I
b

o
Effective Breadth ~ Actual Breadth

C: As given in table for various numbers of evenly spaced point loads (r) on the span
b: Sum of plate flange width on each side of girder, normally taken to half the distance from nearest girder or bulkhead

1) DSME, Ship Structural Design, 3.4 Section Properties of Hull Structure, 2005

2) DNV Rules for Ships, Pt.3 Ch.1 Sec.3 C400 144
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[Reference] Span Point of a Beams

- Bracket. Ship structure members are usually connected

with brackets or other structures.

When we consider a member as a beam, it is

convenient to assume the member to be a

/ uniform section beam, having an equivalent

! length between two span points, and to assume
the outside structures of the span points to be
rigid bodies as illustrated in the figure.

The span point depends on structural details and
loading conditions.

Ex. DNV Rule: Definition of span for stiffeners and girders.”

The effective span of a stiffener (I) or girder (S) depends on the design B \'
of the end connections in relation to adjacent structures. Unless
otherwise stated the span points at each end of the member, between o
which the span is measured, shall be determined as shown in Fig.

It is assumed that brackets are effectively supported by the adjacent

structure.
Example of span point
1) DNV Rules for Ships, Pt.3 Ch.1 Sec.3 C100
Desian Theories of Ship and Offshore Plant, Fall 2014, Myung:Il Roh ’!dl“b 145

(6) Sectional Properties of Steel
Sections

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh l“dlﬂb 146
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Sectional Properties of Steel Sections
for Ship BuiIding” (1/12)

<Sectional properties of steel sections including attached plate> " "ZHEABA" M 48 (2ol d2#HZ U3, 1996
(Base plate dimension : bP xt, = 420 x 8)

|<—b$|itp
b, = breadth of plate (mm) t
t, = thickness of plate (mm)| d ‘xf i i 2 226 2 E2 B &
4= Area including plate(cm?) A 320| 380| 440| 508| 560| 640 700| 760
d 77 egtion modulus incuding plate | 501 | 7 215  259| 305| 359| 401| 469| 521| 576
cm
> <_t 1= Moment of inertia of area I 3900 | 4730 | 5600| 6640| 7460| 8790| 9830| 10900
w including plate(cm?)
7 A 400| 475| 550| 635| 700| 800| 875| 950
g | 6 9 " 127 14 250 | Z 325| 390| 458| 536| 597| 694| 769| 845
Al 300 251 550 635 700 I 7120| 8600 | 10100 | 11900 | 13400 | 15600 | 17400 | 19200
20 f 2'102 i'f; ;g'g ;S; lgg A 480| 570| 660| 762| 840| 960| 1050| 1140
: - - : <1 1300 z 455| 546| 639| 746| 829| 961| 1060| 1160
Al 39| 585 715) 826| 910 I | 11700 | 14000 | 16500 | 19300 | 21600 | 25100 | 27800 | 30700
65 |Z| 955| 140| 168| 193] 211
|| 623| 88| 105| 19| 129 A 560| 665| 770| 889| 980| 1120| 1225| 1330
A| 450 675 825| 953 105 350 Z 606| 726| 847| 988| 1100| 1270| 1400| 1530
75 |z| 123| 181| 218| 250| 273 I | 17700 | 21200 | 24800 | 29100 | 32400 | 37600 | 41600 | 45700
L 94l 1300 T4y T4 189 A 640| 760| 880| 101.6| 1120| 1280| 1400| 1520
B Q i’fg 2'512 gg’g ;}g ;gg 400 | z 776| 928| 1080| 1260| 1400| 1610| 1780| 1940
| 10| 514l 53| dsal 307 I | 25300 | 30300 | 35400 | 41400 | 46000 | 53300 | 58900 | 64600
Al 600 900 110| 127| 140 A 720| 855| 990| 1143| 1260 | 14402| 1575| 171.0
100 |Z| 209| 306| 370 422| 461| |450| Z 965| 1150| 1340| 1560| 1730| 2000| 2200 | 2400
I 200| 284 335| 376 407 I | 34700 | 41500 | 48500 | 56500 | 62800 | 72600 | 80100 | 87700
Al 750 13| 138] 159 175
125 |2 317} 464 558| 636| 695 A 800| 950| 1100| 127.0| 1400| 1600| 1750| 190.0
I 370| 521| 12| 685| 738| |so0| z | 1170| 1400 | 1630| 18907 | 2100| 2420| 2660 | 2900
Al 900 135] 165] 191 210 I | 46000 | 55000 | 64200| 4700 | 82900 | 95700 | 10500 | 11500
150 |z | 447| 52| 783| 81| 972
I 614| 856| 1000| 1120 | 1200 A = 42*0.8 + 15*1.4 = 21 [cm?]
Zop = 349.6 [cm?]
Z =97.2 [cm3] 147

Sectional Properties of Steel Sections ~ "=##nua: s @eoh ardvzuss, 100
for ShiE BuiIding” (2/12)

<Sectional properties of steel sections including attached plate>
- Use the standard dimension of plate depending on “a” (bpx t,) => (as75: 420x8, 75<a<150 : 610x10, 150<a : 610x15)

Dimension Area | Including plate ™
Symbol a [ b [t [ 6 ]n ] o A ]z
Unit mm cm? cm? ‘ cm?
Equal angle L T
50 6 6.5 4.5 5.64
65 6 8.5 4 7.53
65 8 8.5 6 9.76
75 6 8.5 4 8.73
75 9 8.5 6 12.69 b
” 75 12 8.5 6 16.56 91%'11 ;?; P
| Py 90 10 10 7 17.00 29 397 1
| 90 13 10 7 21.71 284 s R :
! 100 10 10 7 19.00 369 58‘2
i r 100 o 13 o 10 7 24.31 - e N
130 9 12 6 11.74 767 9%.0
= 130 12 12 8.5 19.76 905 17
130 15 12 8.5 36.75 1030 119 notop,
150 12 14 7 34.77 1220 147 -
150 15 14 10 42.74 ——Db—
150 19 14 10 53.38
200 20 17 12 76.00
200 25 17 12 93.75
200 29 17 12 107.6
Unequal angle L —E
100 75 7 10 5 11.87 674 72.5
100 75 10 10 7 16.50 860 96.2
125 75 7 ™ 10 5 13.62 110 97.2
125 75 10 10 7 19.00 1420 130
150 90 9 12 6 20.94 2490 181 e
150 20 12 12 8.5 2736 s, 3060 230~
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Sectional Properties of Steel Sections '=«&wes: i« @eon neazums, wm
for Ship BuiIding" (3/12)

<Sectional properties of steel sections including attached plate>
- Use the standard dimension of plate depending on “a” (b X t,) => (as75 : 420x8, 75<a<150 : 610x10, 150<a : 610x15)

Dimension Area Including plate N
Symbol a [ b [ v [ & [ n ] =& A | 2
Unit mm cm? cm? ‘ cm? tn
Unequal angle L -E ]-
200 90 9 14 14 7.0 29.66 5870 340
250 90 10 15 17 8.5 37.47 10300 494 “
250 90 12 16 17 8.5 42.95 11000 540 n
300 90 " 16 19 9.5 46.22 16400 681 "
300 90 13 17 19 9.5 52.67 17600 743
@ 400 100 1.5 16 24 12 61.09 34200 1120 ——
" 400 100 13 18 24 12 68.59 36700 1230
" 450 125 1.5 18 24 12 73.11 51200 1570
450 150 1.5 15 24 12 73.45 51700 1590
A 500 150 11.5 18 24 12 83.6 70400 2020 e
550 150 12 yal 24 12 95.91 93300 2520 1
600 150 12.5 23 24 12 107.6 118000 3000
Channels C T
150 75 6.5 10 10 5 23.71 2160 154
200 90 8 13.5 14 7 38.65 5650 322
250 90 9 13 14 7 44.07 9420 439
250 90 1" 14.5 17 8.5 51.17 10500 499
300 90 9 13 14 7 48.57 14300 567
300 90 10 15.5 19 9.5 55.74 16000 646
300 90 12 16 19 9.5 61.90 16900 693
380 100 10.5 16 18 9 69.39 29900 989
380 100 13 20 24 12 85.71 34900 1190
Bulb flats | T
’ 180 32.5 9.5 7 2 21.06 2860 172
3| 200 36.5 10 8 2 25.23 4160 231
l 230 41 " 9 2 31.98 6610 330
250 45 12 10 2 38.13 8960 424

Sectional Properties of Steel Sections ~ "=#&nwa s @eoh uzdvizuse, 100
for ShiE BuiIding” (4/12)

<Sectional properties of steel sections including attached plate>

(Base plate dimension: b, x t, = 610 x 15) N EAFAEAES

/| 1600 | 200 | 2400

50:5 548 58
778 8% 1000)
19400| 24600/ 23800]

R

FEEE EA=

!2:3‘ }ﬁ e el B 28 A: Sectional area (cm?)

b04m0) B5900) 71200) 77300) 82906 82K A Sectional area including plate (cm?)
-0/ 104-1| Z: Section modulus including plate (cm?3)

Soeauioom| |- Moment of inertia including plate (cm?)

SR

2040/ i
sea0) s2700) nm‘ 5800,103000)

o023 96:2 100-2] voa-7] 1092 114l azg| vzro a32e2 w02 newen| ased] re3e
2150 2370 2590, 7820 3050 3310 37200 3990 4z60| 4s60 si70f 8810|5850
8000)125000134000| 145000( 152000) 160000) 17100 182000] 190900 198000

X
102:6] 106+

mm 16 a0
3000131000

BT Y TN YT T T T Y T TN
3 sze | E
c | 880|882 15301830

1t e 12007 1203 aned aang 100 152 100 100
3140] -9 3670 4110 4d1of i s sl s
1141000)145000159000) 172000{ 180000, 189000, 202000, 2150001 224000) 24000

650

x

1241

00 |4l 1 of 1129/ 1174 121 md 1309 1301
x |Z] 2720 2960 3210 3480} A5 4830
127 | SS’WOV 1600011 m\m 202000| 211000,
0

u.

00

suiof 5610 6190 5% 090

e 155.1 162 16004 183
221000| 236000 251000 262000] 272000

4 128:0| 132:0f 136+0{ 140-5| 145 n 150:1) 157+7| lll I 168-0 176-0 185-6 1925 100:4
2| W0| 3310 3560 3820 «m\ 4370 48 5430 5890| 6400
i 8000)178000/187000 198000, 213000 =zm\ 231000 245000| 260000 271000] 282000

176 121 1l=‘ﬂ|nl 1308 1307 141-3) 1524
3330|3410 30%| 4200 4so0| 4beo san| )
188000 200000211000 224000 237000 251000 210000 283000
1o 1w 52 sl aere sl e, 1920 210 20805 154
a0 sl ey ool e am Tag ww | 6
2 mo‘mm‘ mnoumo 2 27000 345000] 360000] 374000
45 1sta o o] 1w 120 10 1 myﬂ 134
4220 tm uw n \ s 8550)

0027400028700 ssboon| 37 aum om0 4as00n] 452000 cmon

182:0| 1860 190 s{ e rE T s 20 2200 2950
S1%0) 5430 5810 6130 6450 7060 Toid “io “towd) wiro| 1bico
13 |7 200001304000/317009 332000, 346000,362000) 384000 mcnnl 4130001 435000] 459000] 476000 493000
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165:6) 1752 182:1( 189-0
00| 7260 7730 8170
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142:0 146:0/ 1500

1
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471000
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Sectional Properties of Steel Sections '~
for Ship Buildingﬂ (5/12)

YA T, A 43 (L2o)), LRBMEHEI], 1996
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Sectional Properties of Steel Sections ~ "=#&nwa s @eoh uzdvizuse, 100
for Ship BuiIding” (6/12)

Section shape
16,

A

Z,

e

Zp

xledi=ad)
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Sectional Properties of Steel Sections ~ "=«# e s @eoh uzaszuss, 1o
for Ship BuiIding” (7/12)
Section shape A / Z, Zp
T ¢
£j | b Lyt L b ;
- :l_'— !
2. v
R
3
% e [ A8 N
’ h h ’ " 12 ik th_
et h aiht—h ‘122 J‘"';""—' ”';‘J.J._- i
&= Z h 2, c:k‘ -
3 b o b f ::‘ =7,
B = q h, = 12
Desian Theories of Ship and Offshore Plant, Fall 2014, Myung:l Roh ’g.mmn_d"“b 15

Sectional Properties of Steel Sections
for Ship BuiIding” (8/12)

) EMMA Y, A 43 (L2o)), RBMEMEI, 1996
Section shape A / Zp
) A (hibet boby 4 4
bi+didh Kb abb,+b, 3 (b b i
%5, +b
’
Z
A A
: 5y (6ri—a Z=-2 (2ri+a Zra=®
y Mary A . -
e rrd Z Zir r as ; L .ﬂ
o 1 .
4 647¢ 3% {
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1 1
e ! 4 dv—d d;
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L i : 1 |
1 1
6
, - .
€ / r L r' V4 0+1908 r?
er 1. )+ 1098 r 1244
: S I
Zy=002587 7
14, Myung:Il Roh l“dlﬂb 154

77



Sectional Properties of Steel Sections
for Ship BuiIding” (9/12)

NeEMEAEY, M 42 (PE0)), LEUMZHHE, 1996

Section shape A / Z,

Zp
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24 24 e T e )
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hi *t ] bl it Rl I e
T "ilr'}_ T 20kt bt

sydlab s

Sectional Properties of Steel Sections
for Ship BuildingV (10/12)

Nz EAE, J 4T (L20]), YRBUMZHEE, 1996

Section shape A / | Z, Zp
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4 b A"t 1
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Sectional Properties of Steel Sections
for Ship BuiIding" (11/12)

ZUEA B, A 48 (L20)), YRBMZHEE, 1996

Section shape and F I
distribution of s%ear force =T I. et

TR, ! .
NN L 3. L (2nY
N 2 A /)
b 'j
3

”
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«1-591 ;

-
-
-
e

4
F __F
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4 F]t.ﬂ]} 4 F A . F
3 =ab @ 3 xed 3 A
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Sectional Properties of Steel Sections
for Ship BuiIding” (12/12)

EMUAE, A 48 (Y20)), YRBAZNEE), 1996
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6.4 Buckling Strength

Design Theories of Ship and Offshore Plant, Fall 2014, Myung: 1l Roh ’!dlﬂb 159
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M Column Buckling

M Buckling Strength of Stiffener

M Buckling Strength of Plate

M Buckling Strength by DNV Rule

M Buckling Strength of Stiffener by DNV Rule
M Buckling Strength of Plate by DNV Rule

M Example of Bucking Check by DNV Rule
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James M. Gere, Mechanics of Materials 6™ Edition, Thomson, pp. 748-762
Rules for classification of ships, Det Norske Veritas, January 2004, Pt.3 Ch.1 Sec.1

Buckling

« Definition: The phenomenon where lateral deflection may arise in

the athwart direction* against the axial working load
HZERMOIM H5O2 HHE TR 2E

* This section covers buckling control for plate and longitudinal
stiffener.

> O

Flexural buckling of stiffeners plus plating Plate alone buckles between stiffeners

* Mansour, A., Liu, D., The Principles of Naval Architecture Series - Strength of Ships and Ocean Structures, The Society of Naval Architects and Marine
Engineers, 2008

Desion Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’g.mmn_dk‘b L
(1 ) COlU m n BUCkling James M. Gere, Mechanics of Materials 6th Edition, Thomson, pp. 748~762
- The Equation of the Deflection Curve
P 2 nr
= Differential equation for column buckling: | Ely"+ Py =0 I =k"k= 7
Using the notation &’ :i , y"+k2y =0 / |)C |)C
EI P Pl ¥ P
General solution of | _ . B B
the equation: y=C sinkr+C, coskx M
Boundary conditions:
¥(0)=0, y()=0 ¢ .
A
y(0)=C,=0 4 y A Y
y(I)=C,sinkL =0 Y

1) If C,=0, y =0 (trivial solution).
2) If sinkl =0, (sink/ = 0: buckling equation)
@ If kI=0, y = 0 (trivial solution).

@ If kl=nz (n=1, 2, 3) or P =(ﬂ) EI, it is nontrivial solution.
/ E = modulus of elasticity

X 1=2" moment of the section area
. — : — : _ EI = flexural rigidity

s y=C sinkx=C sin 7 ,n=12,3.. - axial load

v = deflection of column

L = length of column

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh l“dlﬂb 162
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(1 ) Colu m n BUCkling James M. Gere, Mechanics of Materials 6t Edition, Thomson, pp. 748-762
- Critical Stress
P ok = nrw
= Differential equation for column buckling :  EL" + Py =0 EI ’ /
|x |x
The equation of the nmx P Pl X
deflection curve : y=Csin—,n=12,3... B B P
L M
The critical loads : o 2 L
szﬁﬂz(l;jEY nas
4 A =
The | t critical load (n=1) : 2
e lowest critical load (n=1) p_ po E1_7T2E1
cr L L2
The corresponding critical stress : P” 2 El N
=—= E = modulus of elasticity
| Al? =2 moment of area
S EI = flexural rigidity
Euler’s formula P = axial load
v = deflection of column
A = area of column
L = length of column
Desian Theories of Ship and Offshore Plant, Fall 2014, Myung:l Roh ’g.mmn_dlnb 189
(1 ) Colu m n BUCkling James M. Gere, Mechanics of Materials 6th Edition, Thomson, pp. 748~762
- Critical Load
. . . . . 4 _ _ _
* Differential equation for column buckling : +ﬂy =0 ’y(O) =0 ,y(L) =0
where A=P/ EI
The equation of the —Csi /L ’
deflection curve : Y (x) B! sm(mrx )
A
|\ X = L
The critical loads : :
2_2 2 i
P =n’*7’El/ *,n=12,3... L .
S x=0
The lowest critical load (n=1) : Pcr — P1 — 7[2EI/L2
E = modulus of elasticity
1=2" moment of area
EI = flexural rigidity
P = axial load
y = deflection of column
A = area of column
L = length of column
Desian Theories of Ship and Offshore Plant, Fall 2014, Myung:1l Roh ’gam.m.un—dlnb 1%
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(1) Column Buckling
- Critical Buckling Stress

A critical buckling stress is often used instead of a buckling load and it can be
derived by dividing P, by A, the cross sectional area of the column.

Euler’s formula E = modulus of elasticity
1 =2 moment of area

. . . P
The corresponding critical stress : o, = Zer EI = flexural rigidity

A P = axial load
T2 El y = deflection of column
= > A = area of column
Al [ = length of column

2
o)
/

, where k(k2 =1/ A) is the radius of gyrationV of the section of the column.

The ratio [/ k, often called the slenderness ratio, is the main factor which governs the critical
stress

For large value of l/k the critical stress tends toward zero, and at small values of l/k it tends to
infinity. In Euler’s formula, the buckling stress may become infinite for a small value of l/k,
however, buckling stress never goes up above the yield stress of the material in actual
conditions, because the material would fail if the stress exceeded the yield stress.

1) The radius of gyration describes a circular ring whose area is the same as the area of interest.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 165

(1) Column Buckling
- Curve of Buckling Stress

by theoretical consideration, a horizontal
line of yield stress connected to Euler
buckling stress is specified as an upper
limit of Euler’s buckling curve.

o,:Yield stress
of ————————

material ~

Euler buckling
stress
l 9,
o =a —b[ Tetmayer’s formula

cr k

Experimental
bucking stress

2
/
o, =a— b(}{j Johnson’s formula

Slenderness ratio //k

a

0”272
1+b(1/k)

Rankine’s formula

For example, one of the Classification Societies, ABS (American Bureau of Shipping) specifies the
permissible load of a pillar or strut of mild steel material in the following equation :

o, :1.232—0.00452(/3 [ton- f | cm’]

From the above equation, we can see that the ABS formula is theoretically based on
Tetmayer’s experimental result.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh l“dlﬂb 166
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(1) Column Buckling
- Buckling of Thin Vertical Column Embedded at Its Base and Free at Its Top (1/2

Suppose that a tin vertical homogeneous column is embedded at its base
(x=0) and free at its top (x=L) and that a constant axial load P is applied to
its free end.

The load either causes a small deflection &, or does not cause such a
deflection. In either case the differential equation for the deflection y(x) is

E1Zy P(s E>E =P ()

(1) What is the predicted deflection when 5=0? I

- The general solution of the differential equation (1) is

P . P
Y =1¢ 08, [—x+c,sin /—x+§
EI EI
- The boundary conditions of the differential equation (1) are
»(0)=y'(0)=0
- If §=0, this implies that ¢, =c, =0 and y(x)=0. That is, there is no deflection.

* Zill, D.G., Advanced Engineering Mathematics, 3rd edition, pp.166-174, 2006

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh ’!dlﬂb 167

(1) Column Buckling
- Buckling of Thin Vertical Column Embedded at Its Base and Free at Its Top (2/2

Suppose that a tin vertical homogeneous column is embedded at its base
(x=0) and free at its top (x=L) and that a constant axial load P is applied to
its free end.

The load either causes a small deflection J, or does not cause such a
deflection. In either case the differential equation for the deflection y(x) is

d’y
EI— =Ps (1
= M

(2) When § =0, show that the Euler load for this
column is one-fourth of the Euler load for the hinged
column?

- If 50, the boundary conditions give, in turn, ¢, =-5, ¢, =0.

Then
y= 5[1*608 ix]
EI

- In order to satisfy the boundary condition y(L)=J, we must have

/S N P One-fourth of
§=5|1=cos L cos, |- =0 ——> f L=nx/2 Jthe Euler load

- The smallest value of 7,, the Euler load, is then P W 22Er
—LL="or B=H"~——
* Zill, D.G., Advanced Engineering Mathematics, 3rd edition, pp.166-174, 2006 EI 2 lfl L
Euler load 168
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(2) Buckling Strength of Stiffener

Side Girder
Longitudinals . N NE

<te—"Ny

Bottom plate 8

s longi. spacing ‘

y A
It is assumed that the stiffener is a fixed-end column supported by the web frames.

I:longi.span

Hull girder bending moment is acting on the cross section of the ship as
moment from the point view of global deformation. And it is acting on the each

stiffener as axial load from the point view of local deformation.
1

€.
i‘;what is our interest? The actual compressive stress (a,)
shall not be great than the critical
® Safety : buckling stress (o)
Won't it fail under the < here o M M Z-20)
, Where o, = =— o= )
Ioad? O-a — O-Cr ‘ 1.\/.4 / y Z )
Desian Theories of Ship and Qffshore Plant, Fall 2014, Mvung:ll Roh s !dm",“m b,, 189

(3) Buckling Strength of Plate (1/7)

Longitudinals

o
Si?le\ /G)der \\_\\\. /Web Frame

N

T ame [V T
5 N
Longitudinals /\/ \\\
N i
N .
N "

Sy

AN\

4

X

Q

Bottom plate N\

s :longi. spacing

1:longi.span

A ship hull is a stiffened-plate structure, the plating supported by a system
of transverse or longitudinal stiffeners.

For practical design purpose, it is often assumed that the plate is simply
supported at the all edges, since it gives the least critical stress and is on the
safe side.

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh l“dlﬂb 170
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(3) Buckling Strength of Plate (2/7)

Let us consider the rectangular plate with only supported edges as
shown in this figure.

il

o : the uni-axial compressive stress
v : Poisson's ratio

E : Modulus of elasticity

a : plate length

b : plate width

t : thickness of the plate

0
The equation of elastic buckling stress of the plate under uni-axial
compressive stress:

Er o*w o'w  o'w o*w
12(1-v7)\ ox ox“0y~ Oy Ox

where, w=w(x,y) : deflection of the plate

* Ok

umoto, Y., Design of Ship Hull Structures, pp.57-60, 2009
I!dl‘lb 171

besion T ; f Ship and Offshore Plant, Fall 2014, Mvung:Il Roh

(3) Buckling Strength of Plate (3/7 2l

q

» The equation of elastic buckling stress of the
plate under uni-axial compressive stress:

o: the uni-axial compressive stress | a: plate length

Et3 a4W a4W 64W aZW v : Poisson's ratio i b: plate width
P 7 + A2 + 2 t 2 = 0 ot (1) E : Modulus of elasticity 1 ¢ : thickness of the plate
12(-v){ ox ox" gy %y ox where, w=w(x, ») : deflection of the plate

Because all four edges are simply supported, the boundary condition
can be expressed in the form:

w(0,y)=w(a,»)=0
w(x,0)=w(x,b)=0

deformation at the edges are zero

Let us assume the following formula for the solution of the equation (1),
so that the solution satisfies the boundary conditions.

w=fsin(mj~sin(mj'“(2)
a b

where, m, n are integers presenting the number of half-wave of buckles.

* Okumoto, Y., Design of Ship Hull Structures, pp.57-60, 2009
l“(“ﬂb 172
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(3) Buckling Strength of Plate (4/7

o

* The equation of elastic buckling stress of the

plate under uni-axial compressive stress: o
o: the uni-axial compressive stress | a: plate length
Et3 84W a4W 64W 62W v Poisson's ratio i b: plate width
12172 F + 2 Za 2 + P 2 + ot 2 > = of -+ (1) E : Modulus of elasticity 1 1 thickness of the plate
(I-v)\ ox X0y y X where, w=w(x, ) : deflection of the plate

» Substituting the formula (2) into the equation (1),

a b

O-_Eifiz ﬂ_,.nZg ’ 3) a
12(1—\12) P\ a m where, & :Z

= Elastic buckling stress is a minimum critical stress,
therefore, we put n=1 in the equation (3),

Ideal elastic (Euler) compressive buckling stress:

2 2
n°E t m aY
o, =—|—| K — Mini I

ol lZ(l—vZ)[bj where, K = Minimum value of k, k [a+mj

* Okumoto, Y., Design of Ship Hull Structures, pp.57-60, 2009
Resian Theories of Ship and Offshore Plant, Fall 2014, Myung-ll Roh ’!dl“b 173

(3) Buckling Strength of Plate (5/7 2l

o o
Ideal elastic (Euler) compressive buckling stress:
2 —_
7’E ( t j where, K = Minimumzvalue of k 0 X
O, ="—"——>5_| — a o : the uni-axial compressive stress | a: plate length
! m a p L azpl g
120V \ b B R R v: Poisson's ratio ! b plate width

E : Modulus of elasticity ¢ : thickness of the plate

= For the small b in comparison with t, the elastic buckling stress becomes more
than the yield stress of the plate material.
= Therefore, it is usual to use Johnson’s modification factor 77, and the critical
buckling stress 0. for the full range of value of t/b as follows :
T

* Bryan's formula® |
Oy . 7E (f |
m, 12(1-v?) b

a,,: the ideal elastic(Euler) compressive buckling stress

K : plate factor (corresponding to the boundary
conditions and a/b)

1, + plasticity reduction factor o

jZ g, : the critical compressive buckling stress

o,
n,=1 ,when o, <7\ H ex) Coefficient K when all four edges are ’
2 simply supported 3
n, = o, 1 o, h .9 |
= - swhen o, =2— | =
O Ll 25 1 K=40 a/b210

= 4 i K=(a/b+bla)’, a/b<1.0
o, = upper yield stress in [N/mm?Z];

Figure 12.5 Buckling strss coeficient k for flat plates in uni
‘axial compression.

1) DSME, "M8t1ZH A" 13-18 Buckling, 2005.8 ’“dlﬂb 172
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(3) Buckling Strength of Plate (6/7)
- Buckling Strength of Web Plate

1) DSME, “Ship Structural Design”, 13-18 Buckling, 2005.8

Web plate of stiffener have to be checked about
buckling.

In case of T-bar, it is assumed that the web plate
of stiffener is the plate simply supported by
flange and attached plate.

, (Bryan's formula)

O o 7’E '(IJM'K
m, el 12(1_]/2) d ,K=4.0

a,,: the critical compressive buckling stress

o,,: the ideal elastic(Euler) compressive buckling stress

v : Poisson’s ratio

K : Plate factor (corresponding to the boundary conditions and a/b)
d : depth of web plate

t : thickness of web plate

E : Modulus of elasticity

flange

Figure 12.6a Buckling stress coefficient k for flat plates in uai 175
axial compression.

(3) Buckling Strength of Plate (7/7)
- Buckling Strength of Flange Plate

1) DSME, “Ship Structural Design”, 13-18 Buckling, 2005.8

Flange of stiffener have to be checked about
buckling.

It is assumed that the flange of stiffener is the
rectangular plate simply supported on one end by
web plate.

5 2
E t .
O, =0, = T - M :(B[ygnss formula)
n, 12(1-v*) | &, (K=0.
b Kr’E 1
- —< ~—
1, \12(1-v) o,

In general, b/, does not exceed 15.

o, : the critical compressive buckling stress

g, the ideal elastic(Euler) compressive buckling stress

v : Poisson’s ratio

K : Plate factor (corresponding to the boundary conditions and a/b)
by : breadth of flange plate

t.: thickness of flange plate

E : Modulus of elasticity

R

web plate

| ]
7 7& attached plats

1|
e (

oy

Figure 12.5a Buckling stress coefficient k for flat plates in uni 176
axial compression
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(4) Buckling Strength by DNV Rule

) Rules for classification of ships, Det Norske Veritas,
@ Criteria for buckling strength Pt.3 Ch.1 Sec.13, pp.92-93, January 2004

o, = critical buckling stress in N/mm?
o > — o, = calculated actual stress in N/mm?
n n = usage factor

# Critical buckling stress i, # Calculated actual stress g, |

a
!

! L n n ry
. o'f.is yield stress of maféﬁa[ in N/mm? * o, is calculated actual stress in general o <Midship section>
E = In plate panels subject to longitudinal stress, o, is given by

+—— Lo vk
o2 K P -
- / Ms+ Mw: ' s A
0.=0y, ,when o, < =——(z,—2,)10° ,(N/mmz) | T)
Iya ve---i-* ! 1 H NA(=7)
e o oA A . | 8
_ / / _ " 2 Y, v 4
=o,(- 4—) ,when o, > > = minimum 30 f,IN/mm" at side H o .
i
el 1 H
1

consider each different stress according to location

] s . .
* o, for Plate ! * o, for stiffener M; : still water bending moment as given in Sec.5

. . . . | . . . . M,, : wave bending moment as given in Sec.5
in uni-axial compression” in uni-axial compression™ ;. moment of inertia in cm? of the hull girder
y -4 )z

- a,, : ideal compressive buckling stress
I,P,lgt,e, | :O'c,:: 0.9kE( - ;’2..’ - 3.8E( L — b )Z ‘o, is determined according to specific load.
LD 1000s el :

o, @ critical buckling stress

i
i

i

-

i

| w o, upper yield stress in [N/mm?]
| t : thickness in [mm]

R 2 o, for stiffener t, : corrosion addition

I

i
I
I
|

N . t, - web thickness, 4, : web height
in lateral bUCkhng mode E : modulus of elasticity

Stiffener

R I s @ stiffener spacing in [m]
--q gl/} =0.001-E-—4 I momgnt of inertia in [cm?] al?out .the axis )
[ 2 perpendicular to the expected direction of buckling]
A : cross-sectional area in [cm?]

[ : length of member in [m] 177

(DNV Pt.3 Ch.1 Sec.13, B100, B102, B103), 2011

B 100 General

101 Local plate panels between stiffeners may be subject to uni-axial or bi-axial compressive stresses. in
some cases also combined with shear stresses. Methods for calculating the critical buckling stresses for the
various load combinations are given below.

102 Formulae are given for calculating the ideal compressive buckling stress o .;. From this stress the critical
buckling stress o, may be determined as follows:

%

o, = &, Wwhen o< 3
/ [ o
= ql1-—L | when o> =
v 4oy 2

103 Formulae are given for calculating the ideal shear buckling stress 7./. From this stress the critical
buckling stress 7, may be determined as follows:

I
r. = 7, When <

¢ e
= n(1-L )

| when ;>
ar,;

e

(=] Al

7y = yield stress in shear of material in N/mm?

Sl

Design Theories of Ship and Offshore Plant, Fall 2014, Mvung:Il Roh l“dlﬂb 178
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(5) Buckling Strength of Stiffener by DNV Rule
- Stiffener in Uni-axial Compression (1/2)

) Rules for classification of ships, Det Norske Veritas,

@ Criteria for Buckling Strength Pt.3 Ch.1 Sec.13, pp.92-93, January 2004
(in the same way of plate)

b Q
\

o, : critical buckling stress in [N/mm?] Usage Factor (n)

TR |

. ; ! n=1.0 Deck, Single bottom & Side shell (long stiff)
a C,alCUlatedzaCtual compressive Str:ess n=0.9 Bottom, Inner bottom & Side shell (trans stiff)
in [N/mm?2] 1 n=1.0 Extreme loads (Q = 10°8)
n : usage factor 1 n=08 Normal loads (Q = 10%)
# Critical buckling stress o # Calculated actual stress o,

(Uni-axial compression)
= g, is calculated actual compressive stress in general
= In plate panels subject to longitudinal stress, g, is given by

Ms + Mw
o, =———
1

9
0. =0y

hy
,when o, < (zn—z“)l()s ,(N/mmz)

N.A.

e 1% o
=o,( 40}1) swhen o, > 2 = minimum 30 f, N/mm” at side

o, ideal compressive buckling stress (X Hul.l girder benc!ing moment is acting on the cross
‘o,," is determined according to specific load. section of the ship as moment from the point view of
o, : yield stress of material in N/mm? global deformation.

And it is acting on the each stiffener as axial load from

the point view of local deformation.)
M; = still water bending moment as given in Sec.5
M,, = wave bending moment as given in Sec.5 170

L, = moment of inertia in cm? of the hull girder

(DNV Pt.3 Ch.1 Sec.13, B205), 2011

205 The critical buckling stress calculated in 201 shall be related to the actual compressive stresses as
follows:

c
o’czi
n

o, = o,calculated compressive stress in plate panels. With linearly varying stress across the plate panel. shall
be taken as the largest stress.

In plate panels subject to longitudinal stresses. o 1s given by:

Mg + My
G, = ——

" (zu—za)loS (N/mm”)

Iy

= minimum 30 f; N/mm? at side

n = 1.0 for deck. single bottom and longitudinally stiffened side plating
= 0.9 for bottom. inner bottom and transversely stiffened side plating
= 1.0 for local plate panels where an extreme load level is applied (e.g. impact pressures)
= 0.8 for local plate panels where a normal load level is applied

Mg = stillwater bending moment as given in Sec.5

My = wave bending moment as given in Sec.5
Iy = moment of inertia in cm* of the hull girder.
For reduction of plate panels subject to elastic buckling. see 207.

Mg and My, shall be taken as sagging or hogging values for members above or below the neutral axis
respectively.

For local plate panels with cut-outs. subject to local compression loads only. &, shall be taken as the nominal
stress in panel without cut-outs.

An increase of the critical buckling strength may be necessary in plate panels subject to combined in-plane
stresses. see 400 and 500.
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(5) Buckling Strength of Stiffener by DNV Rule
- Stiffener in Uni-axial Compression (2/2)

@ Critical buckling stress o,

) Rules for classification of ships, Det Norske Veritas,
Pt.3 Ch.1 Sec.13, pp.92-93, January 2004

0. =0y

c

=o.(l i) when o, >ﬂ
40, 72

el

S
,when o, <—-
2

o, yield stress of material in [N/mm?]

‘s, is determined according to specific load.

@ Ideal compressive buckling stress g, |
of stiffener in uni-axial compression? |

t, —t
G =3.8E(—k)? .
(h )

"""""" el
w

= Derivation of the coefficient ‘3.8’

From Bryan’s formula = =0, :L[ij ‘K,
n 12 l—v‘) b
Va
———=0.9038(=0.
2

12(1-v?) 9)
And substituting K=4(for simply supported plate), the
coefficient is approximately equal to 3.8.

o,, : ideal compressive buckling stress

@ Ideal compressive buckling stress o,,
of stiffener in lateral buckling mode

.6e1= 0.001-FE .%

= Derivation of the coefficient ‘0.001"

7°El 7 N/mm® cm’®

Ar cm® m*

7 N/mm* em* _7° N/mm® (10mm)"* .
cm® m’ - (10mm)* (1000 mm)* =0.001 N/mm?

From Euler’s formula o, =

o, : critical buckling stress

o, : minimum upper yield stress

1, : web thickness, 4, : web height t.=0.1b, + tk (mm)

E : modulus of elasticity / f

s : stiffener spacing (m) b, = flange width in mm for angles, half the flange width for T-Section(m)

v: 0.3 (Poisson's ratio of steel) 1, = corrosion addition(DNV Rule : Pt.3 Ch.1 Sec.2 - Page15) 181

@ Thickness of flange

For flanges on angles and T-sections of longitudinals and other
highly compressed stiffeners, the thickness shall not be less than

(DNV Pt.3 Ch.1 Sec.13, B102, B103), 2011

buckling stress o, may be determined as follows:

c

= crr['l—

buckling stress 7, may be determined as follows:

]
(1 > .‘|
= 1ol ] — —
fl -
4 Tel
7y = yield stress in shear of material in N/mm?
I
43

102 Formulae are given for caleulating the ideal compressive buckling stress & ;. From this stress the critical

o, = o, when o=

el

103 Formulae are given for calculating the ideal shear buckling stress r,/. From this stress the critical

It
when 7, < 3

W]

Q

S

Q

Y >
_\| when ;>

2

hen z,;>

vl

ydlab
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(6) Buckling Strength of Plate by DNV Rule
- Plate Panel in Uni-axial Compression (1/4)

) Rules for classification of ships, Det Norske Veritas,

@ Criteria for buckling strength Pt.3 Ch.1 Sec.13, pp.92-93, January 2004
O
o>
A n
o, : critical buckling stress in [N/mm?] Usa%eoFaétoL(? b & Side shel (longl. stif)
. : | 1 = 1.0: Deck, Single bottom & Side shell (longl. sti
Oa+ C,alCUlatedzaCtual compressive Str‘ess n = 0.9: Bottom, Inner bottom & Side shell (trans. stiff)
in [N/mm?] n = 1.0: Extreme loads (Q = 10%)

n : usage factor n = 0.8: Normal loads (Q = 10)

@ Critical buckling stress 3‘%3 From Bryan’s formula,
; 5
%g, = ”Ez [ij K
7, 12(1-v*) (o
9
o,=0, ,when o, <— when 0, <% =1
— a < T,

o o, — —
=0, (1-—L) ,when o, >—L o,=1,0,>0,=0,
’ 4o 2
el

wheno'>g/ =% 1 %
0= m, =, 4o,

g, : ideal compressive buckling stress
‘o, is determined according to specific load. o,
a, : upper yield stress in [N/mm?] o= T]po-el — 0, = O'/ 1-—-

40,

ydlab
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(6) Buckling Strength of Plate by DNV Rule
- Plate Panel in Uni-axial Compression (2/4)

) Rules for classification of ships, Det Norske Veritas,

@ Criteria for buckling strength Pt.3 Ch.1 Sec.13, pp.92-93, January 2004

. >

¢

Usage Factor (n)
1 = 1.0: Deck, Single bottom & Side shell (long stiff)
1 = 0.9: Bottom, Inner bottom & Side shell (trans stiff)

... critical buckling stress in [N/mm?
0, : calculated actual compressive stress

in [N/mm?]
n : usage factor

s |

B TR

@ Critical buckling stress o, @ Calculated actual stress o,

:
o (Uni-axial compression)

= g, is calculated actual compressive stress in general

= In plate panels subject to longitudinal stress, o, is given by

Ms + Mw
o-(l =
=co,(1 9 ) ,when o, > i fra
Y 46, ) = minimum 30 f, N/mm” at side

%

0. =0y

+when o, < (2,-2,)10° (N /mm?)

o, - ideal compressive buckling stress (3¢ Hull girder bending moment is acting on the cross section of the
,{‘r" "is determined according to specific load ship as moment from the point view of global deformation.

- ":’ upper yield stress in [N/mm2] : And it is acting on the each plate as axial load from the point view
! of local deformation.)

Mj : still water bending moment as given in Sec.5

M,, : wave bending moment as given in Sec.5 184
L, : moment of inertia in cm* of the hull girder
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(6) Buckling Strength of Plate by DNV Rule
- Plate Panel in Uni-axial Compression (3/4)

@ Critical buckling stress o,

) Rules for classification of ships, Det Norske Veritas,
Pt.3 Ch.1 Sec.13, pp.92-93, January 2004

0. =0y

c

el

=o,.(l i) when o, >ﬂ
™ 40, 72

S
,when o, <—-
2

a;: minimum upper yield stress of
material in [N/mm?]

‘s, is determined according to specific load.

@ Ideal compressive buckling stress o,
in uni-axial compression")

T (L2

,,,,, o =0.9
10005

A
A
=

= Derivation of the coefficient ‘0.9’

’E tY
From Bryan’s formula e :01,17[7,-[7] K,
n 12(1-v*) \b

2

4 __ 3,141593Z 20,9038 (=0,
12(1-v%) 12(1-0.3%) 9)
o, : ideal compressive buckling stress
o, : critical buckling stress

o, : upper yield stress in N/mm?

¢ : thickness (mm)

1, : corrosion addition

E : modulus of elasticity

s @ stiffener spacing (m)

v: 0.3 (Poisson's ratio of steel)

® factorik/

For plating with longitudinal stiffeners

i
]

| (in direction of compression stress) : s e
| K

; 8.4 !

' 7

k=k =
w+l1.1

For plating with transverse stiffeners
(perpendicular to compression stress) :

52
- 1
k=k =c 1+(ij 21
1) | y+11

vo

¢ = ratio between the smaller and the larger (0 <y < 1)
compressive stress (positive value)
c =1.21 when stiffeners are angles or T sections
=1.10 when stiffeners are bulb flats
=1.05 when stiffeners are flat bars
=1.30 when plating is supported by deep girders 185

(6) Buckling Strength of Plate by DNV Rule
- Plate Panel in Uni-axial Compression (4/4)

@ Critical buckling stress o,

) Rules for classification of ships, Det Norske Veritas,
Pt.3 Ch.1 Sec.13, pp.92-93, January 2004

O.=0,

c el

o, o,
=o,(1-——) ,when o, >—
’ 40, 2

9y
,when o, <—-

a;: minimum upper yield stress of
material in [N/mm?]

‘a,,” is determined according to specific load.

@ Ideal compressive buckling stress o,
in uni-axial compression?)

-~ t—t
----- o= 0.9kE (—)?
e "[E(IOOOS)

= Derivation of the coefficient ‘0.9’

o, 7’E t
From Bryan’s formula —*=0,=———v'| | ‘K,
n ]2(1—\/‘) b

2 2
T - 3.141593 20,9038 (=0,
12(1-v*) 12(1-03) 9)

o, = ideal compressive buckling stress
o, = critical buckling stress

o, = upper yield stress in N/mm?

t = thickness (mm)

1, =corrosion addition

E = modulus of elasticity

s = stiffener spacing (m)

v = 0.3 (Poisson's ratio of steel)

® factor k|
= For plating with longitudinal stiffeners (in direction of
compression stress) : 8.4
k=k =
v+1.1

For plating with transverse stiffeners (perpendicular to

compression stress) : 27?
k=k =c1+|2 21
' / v+l1.1

Example) If w =1.0,c=1.05,5//=1/10

84
1.0+1.1
k:k\:cl+(£] 20 os 1+[i] 21 _jon

! w+l1.1 10 1.0+1.1 ——
Thus, the plate with longitudinal stiffeners can endure much
stress than the plate with transverse stiffeners

1 :i

186
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(DNV Pt.3 Ch.1 Sec.13, B201), 2011

201 The ideal elastic buckling stress may be taken as

2
(N/mm” )

(f-t?
o, = 0.9kKE| 1]
© 11000s/

For plating with longitudinal stiffeners (in direction of compression stress)

8.4
w+ 1.1

for (0£w=1)

For plating with transverse stiffeners (perpendicular to compression stress):

( 2.1
$) . .
LI’J il for (02 w=1)
c 1.21 when stiffeners are angles or T-sections
1.10 when stiffeners are bulb flats
= 1.05 when stiffeners are flat bars
¢ = 1.3 when the plating is supported by floors or deep girders

For longitudinal stiffened double bottom panels and longitudinal stiffened double side panels the ¢-values may

be multiplied by 1.1

v is the ratio between the smaller and the larger compressive stress assuming linear variation. see Fig.1.

G(S G()

Fig. 1
Buckling stress correction factor

The above correction factors are not valid for negative y~values.
The critical buekling stress is found from 102

187
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