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Ch. 10 Structural Design
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1. General & Materials

(1) Stress Transmission
(2) Principal Dimensions
(3) Criteria for the Selection of Plate Thickness, 
Grouping of Longitudinal Stiffener
(4) Material Factors
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(1) Stress Transmission

Center Girder

Side Girder

Longitudinals

Web frame

Inner Bottom Plate

Plate Longi. Web frame Girder

Load

: Stress Transmission
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: Greatest moulded breadth in [m], measured at the summer load waterline

 Distance on the summer load waterline (LWL) 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 (LWL)

 Starting point of rule length: F.P

0.96 0.97WL WLL L L   

2) Breadth

Ex. LBP LWL 0.96·LWL 0.97·LWL 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

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

(2) Principal Dimensions

: Length of a ship used for rule scantling procedure
1) Rule length (L or Ls)

DNV Rules, Jan. 2004, Pt. 3 Ch. 1 Sec. 1 101 
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(DNV Pt.3 Ch.1 Sec.1 B101), 2011 
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(DNV Pt.3 Ch.1 Sec.1 B101), 2011 
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3) Depth (D)

: To be calculated based on the rule length

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

5) Brock coefficient (CB)

1.025
BC

L B T




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

(2) Principal Dimensions

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

DNV Rules, Jan. 2004, Pt. 3 Ch. 1 Sec. 1 101 
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� When selecting plate thickness, use the provided plate thickness.

(1) 0.5 mm interval
(2) Above 0.25 mm: 0.5 mm
(3) Below 0.25 mm: 0.0 mm

Ex) 15.75 mm � 16.0 mm
15.74 mm � 15.5 mm

1) Criteria for the selection of plate thickness

2) Grouping of longitudinal stiffener

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 mm×5. However, the average value is less than 100mm×90% = 
90 mm of the largest individual requirement, 100 mm.
Therefore, the average value should be taken 90 mm×5.

For the efficiency of productivity, each member is arranged by grouping 
longitudinal stiffeners. The grouping members should satisfy the following rule.

(3) Criteria for the Selection of
Plate Thickness, Grouping of Longitudinal Stiffener

DNV Rules, Jan. 2004, Pt. 3 Ch. 1 Sec. 1 101 
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(4) Material Factors

* Yield Stress (σy) [N/mm2] or [MPa]:
The magnitude of the load required to 
cause yielding in the beam.2)

* NV-NS: Normal Strength Steel (Mild Steel)

1) DNV Rules, Jan. 2004, Pt. 3 Ch. 1 Sec.2  

 The material factor f1 is included in the various formulae for 
scantlings and in expressions giving allowable stresses.1)

Material
Designation

Yield Stress
(N/mm2)

Material
Factor (f1)

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

NSNV 


* 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.

2) James M. Gere, Mechanics of Materials 7th Edition, 
Thomson, Chap.1, pp.15~26

* A: ‘A’ grade ‘Normal Strength Steel’
* AH: ‘A’ grade ‘High Tensile Steel’
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2. Global Hull Girder Strength 
(Longitudinal Strength)

(1) Generals
(2) Still Water Bending Moment (Ms)
(3) Vertical Wave Bending Moment (Mw)
(4) Section Modulus
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Interest of “Ship Structural Design”

 Ship Structural Design 

What is designer’s major interest?

 Safety: 
Won’t  ‘it’ fail under the load? 

a shipa ship

a stiffener
a plate

local

global

Let’s consider the safety of the ship from the point of global strength first.
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Dominant Forces Acting on a Ship

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

weight of light ship, weight of cargo, and  
consumables 

hydrodynamic force induced by the wave 

The forces act in vertical (lateral) 
direction along the ship’s length.

What is the direction of the dominant forces?

x

z
( )b x b(x):buoyancy hydrostatic force (buoyancy) 

on the submerged hull 

x

z
( )w x

w(x):weight

AP FP
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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

1) Okumoto,Y., Design of Ship Hull Structures, Springers, 2009, P.17

Static longitudinal loads

Loads are caused by differences between weight and 
buoyancy in longitudinal direction in the still water 

condition

z

x

Hydrodynamic longitudinal loads

z

x Loads are induced by waves

Longitudinal Strength

: Overall strength of ship’s hull which resists the bending moment, shear 
force, and torsional moment acting on a hull girder.
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 Structural member according to the types of loads

① Axially loaded bar: structural member which supports forces directed along 
the axis of the bar

② Bar in torsion: structural member which supports torques (or couples) having 
their moment about the longitudinal axis

③ Beam: structural members subjected to lateral loads, that is, forces or 
moments perpendicular to the axis of the bar

Idealization of the Ship Hull Girder Structure

How can we idealize a ship as a structural member?

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.

Ship is regarded as a beam.

y

x

w

A
R B

R

AP FP
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Applying Beam Theory to a Ship

Actually, there are no supports at the ends of the ship.
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 
simple supports at the A.P and the F.P.

y

x

w

( )V x

( )M x

A
R B

R

( )y x

y

x

w

B
R

A
R

If there are supports at the 
ends, deflection and slope of 
the beam occur.

Idealize

( )M x

x

( )V x

x

 f x

x

L

x

y
 f x

AP FP

AP FP

* James M. Gere, Mechanics of Materials, 6th Edition, Thomson, Ch. 4, p. 292
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Correction of a Bending Moment Curve

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

( )M x

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.

- =

After correction

Before correction
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Actual Stress ≤ Allowable Stress
- Bending Stress and Allowable Bending Stress

3 2

. 10 [ / ]
S W

act

M M
kg cm

Z





2

1175  [ / ]l allow f N mm  
2

1125  [ / ]f N mm

within 0.4L amidship

within 0.1L from A.P. or F.P.

The actual bending stress (act.) shall not be greater than the allowable bending stress (l).

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

S
M : Largest SWBM among all loading conditions and class rule

W
M : Calculated by class rule or direct calculation

(f1: Material factor. Ex. Mild steel 1.0, HT-32 1.28, HT-36 1.39)

1) DNV Rules, Pt. 3 Ch. 1 Sec. 5, Jan. 2004
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(DNV Pt.3 Ch.1 Sec.5 C303), 2011
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(DNV Pt.3 Ch.1 Sec.5 C304), 2011
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Criteria of Structural Design (1/2)

 Ship Structural Design z

x

L

x

y
 f x

a shipa ship

What is, then, the f1?

: allowable stress

2

1175   [ / ]l f N mm 
2

1
125   [ / ]f N mm

within 0.4L amidship

within 0.1L from A.P. or F.P.

250

200

150

100

50

0

50

100

150

200

250
.A P .F P14 29 52 88 126 144 180 218 254 293

1, 000Ton m Example of bending moment curve of container carrier

Light ship

Ballast dep.

Ballast arr.

Homo 10t dep.
Homo 10t arr.

Homo 18t dep.
Homo 10t arr.

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

For instance, allowable bending stresses by 
DNV rule are given as follows:

.

. .

,
/ /

S W

act

N A N A

M MM
σ

I y I y


 

l

lact  .

The actual bending stress (act.) shall not be greater than the allowable bending stress (l).

SM : Largest SWBM among all loading conditions and class rule

W
M : VWBM calculated by class rule or direct calculation
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(1) Still Water Bending Moment (Ms)
(2) Vertical Wave Bending Moment (Mw)
(3) Section Modulus (IN.A/y)

.

. ./ /

S W

act

N A N A

M MM
σ

I y I y


 

.act l 
Criteria of Structural Design (2/2)
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(1) Still Water Bending Moment (Ms)
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Still Water Bending Moment (Ms)

( )Sf x

.

. .

,
/ /

S W

act

N A N A

M MM
σ

I y I y


 

: distributed loads in longitudinal 
direction in still water

0
( ) ( )

x

S SV x f x dx 

( )SV x

( )SM x

Hydrostatic loads along ship’s length 

: still water shear force

: still water bending moment

,    MS: Still water bending moment

MW: Vertical wave bending moment

caused by the weight & the buoyancy

weight

buoyancy

0
( ) ( )

x

S SM x V x dx 

lact  .
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Distributed Loads in Longitudinal Direction

z

x

x

z
( )w x

w(x) : weight

x

z
( )b x


b(x) : buoyancy

In still water

( ) ( ) ( )Sf x b x w x 

( ) ( ) ( )
S W

f x f x f x 

x

z
 Sf x

f S(x) = b(x) + w(x) : Load


b(x): Distributed buoyancy in longitudinal direction
w(x) = LWT(x) + DWT(x)

- w(x): Weight distribution in longitudinal direction
- LWT(x): Lightweight distribution
- DWT(x): Deadweight distribution

f(x): Distributed loads in longitudinal direction

fS(x): Static longitudinal loads in longitudinal direction
fW(x): Hydrodynamic longitudinal loads induced by wave
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Distributed Loads
in Still Water

* Frame space: 800mm 

 Example of a 3,700 TEU Container Ship in Homogeneous 10 ton Scantling Condition

- Principal Dimensions & Plans

Principal dimension

Profile & plan Midship section

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

Weight, w(x)

Buoyancy, b(x)
0

( ) ( )
x

S SV x f x dx  0
( ) ( )

x

S SM x V x dx 

Actual Still Water

Shear Force, VS(x)

Actual Still Water

Bending Moment, MS(x)
Load Curve, fS(x)
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LIGHTWEIGHT DISTRIBUTION DIAGRAM

FR. NO0 25 50 74 99 125 150 175 200 226 251 276 301 326
0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

180.0

200.0

220.0

240.0

TONNES

Crane

Bow Thruster

Emergency 

Pump

Engine

Example of a 3,700 TEU Container Ship

Distributed Loads in Still Water 
- Lightweight

AP FP

E/R

A.P F.P

Weight, w(x)

Buoyancy, b(x)
0

( ) ( )
x

S SV x f x dx  0
( ) ( )

x

S SM x V x dx 

Actual Still Water

Shear Force, VS(x)

Actual Still Water

Bending Moment, MS(x)
Load Curve, fS(x)
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-Loading plan in homogenous 10 ton scantling condition

Distributed Loads in Still Water 
- Deadweight

Deadweight distribution in longitudinal direction
in homogenous 10 ton scantling condition

-Deadweight distribution curve in homogenous 
10 ton scantling condition

A.P
F.PFR.Space : 800 mm

Example of a 3,700 TEU Container Ship

Weight, w(x)

Buoyancy, b(x)
0

( ) ( )
x

S SV x f x dx  0
( ) ( )

x

S SM x V x dx 

Actual Still Water

Shear Force, VS(x)

Actual Still Water

Bending Moment, MS(x)
Load Curve, fS(x)
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(2) Integration of sectional area over 
the ship’s length

(1) Calculation of sectional area 
below waterline

x

A

'y

'z

 Buoyancy Curve in Homogeneous 10 ton Scantling Condition

Distributed Loads in Still Water 
- Buoyancy Curve

100 ton

FR. NoA.P F.P

FR. Space: 800 mm

 Calculation of buoyancy

Weight, w(x)

Buoyancy, b(x)
0

( ) ( )
x

S SV x f x dx  0
( ) ( )

x

S SM x V x dx 

Actual Still Water

Shear Force, VS(x)

Actual Still Water

Bending Moment, MS(x)
Load Curve, fS(x)

Example of a 3,700 TEU Container Ship
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LIGHTWEIGHT DISTRIBUTION DIAGRAM

FR. NO0 25 50 74 99 125 150 175 200 226 251 276 301 326
0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

180.0

200.0

220.0

240.0

TONNES

= Lightweight 

+ Deadweight

Load Curve

Actual Still Water Shear Force

Load Curve

: Loads Curve = Weight + Buoyancy







Buoyancy Curve

Weight Curve

( )
S

f x

Lightweight Distribution Curve Deadweight Distribution Curve

FR.No

A.P F.P
A.P F.P

A.P F.PFR.Space : 800 mm

100 ton

FR.No
A.P F.P

FR.Space: 800 mm

A.P F.P

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

in homogenous 10ton scantling condition

in homogenous 10 ton scantling conditionin homogenous 10 ton scantling condition

in homogenous 10 ton scantling condition

Distributed Loads in Still Water 
- Load Curve Weight, w(x)

Buoyancy, b(x)
0

( ) ( )
x

S SV x f x dx  0
( ) ( )

x

S SM x V x dx 

Actual Still Water

Shear Force, VS(x)

Actual Still Water

Bending Moment, MS(x)
Load Curve, fS(x)
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Actual Still Water Shear Force &
Actual Still Water Bending Moment

Actual still water bending moment

Design still water bending moment

Actual Still Water 
Bending Moment

Load Curve

0
( ) ( )

x

S SM x V x dx 

Actual still water shear force

Design still water shear force

( ) ( ) ( )
S

f x b x w x 

0
( ) ( )

x

S S
V x f x dx Actual Still Water 

Shear Force

Weight, w(x)

Buoyancy, b(x)
0

( ) ( )
x

S SV x f x dx  0
( ) ( )

x

S SM x V x dx 

Actual Still Water

Shear Force, VS(x)

Actual Still Water

Bending Moment, MS(x)
Load Curve, fS(x)

Example of a 3,700TEU Container Ship



2019-07-22

17

33
Innovative Ship and Offshore Plant Design, Spring 2019, Myung-Il Roh

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

 [ ]S SOM M kNm

)7.0(065.0
2  BWUSO CBLCM

2 (0.1225 0.015 )
WU B

C L B C 

[kNm] in sagging

[kNm] in hogging 

���: Wave coefficient for unrestricted service

• The design still water bending moments to be taken less than

(DNV Pt. 3 Ch. 1 Sec. 5 A105)

Rule Still Water Bending Moment by the Classification Rule

Recently, actual still water bending moment based on the loading conditions 
is used for still water bending moment, because the rule still water bending 
moment is only for the tanker.

Design SWBM = Max(Actual SWBM, Rule SWBM) + margin

(rule still water bending moment)

34
Innovative Ship and Offshore Plant Design, Spring 2019, Myung-Il Roh

(DNV Pt.3 Ch.1 Sec. 5 A106), 2011
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(DNV Pt.3 Ch.1 Sec. 5 B107), 2011
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)(kNQkQ SOsqS 

)(5 kN
L

M
Q SO

SO  )7.0(065.0 2  BWUSO CBLCM

)015.01225.0(2

BWU CBLC 

[kNm] in sagging 

[kNm] in hogging 

ksq = 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.

Rule Still Water Shear Force by the Classification Rule 

���: wave coefficient for unrestricted service

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

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

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

(rule still water shear force)

Design SWSF = Max(Actual SWSF, Rule SWSF) + margin
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(DNV Pt.3 Ch.1 Sec. 5 B108), 2011
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(2) Vertical Wave Bending Moment 
(Mw)
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Vertical Wave Bending Moment (Mw)

Hydrodynamic loads induced by 
waves along ship’s length

diffraction
added mass

mass inertiadamping

: distributed loads induced by waves

: vertical wave shear force

: vertical wave bending moment

= Froude-Krylov force + diffraction force

+ added mass force + damping force

( )Wf x

( )WV x

( )WM x

0
( ) ( )

x

W WV x f x dx 

0
( ) ( )

x

W WM x V x dx 

.F K

.,
S W

act

M MM
σ

Z Z


 

,    MS: Still water bending moment

MW: Vertical wave bending momentlact  .

Mr Fɺɺ )()( ForceSurfaceForceBody 

( ) ( , , )
gravity Fluid

 F r F r r rɺ ɺɺ

.

, ,

( ) ( ) ( )

( , ) ( , )

gravity Buoyancy F K D

R Damping R Mass

   

 

F F r F r F r

F r r F r rɺ ɺɺ

(Fgravity+Fbuoyancy)
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z

x

z

x

( ) ( ) ( )Sf x b x w x 

Dynamic Longitudinal Loads

x

z
 Sf x

f S(x)= b(x) – w(x): Load



 Dynamic longitudinal loads
: Loads are induced by waves

Vertical bending due to waves

• Ship in oblique waves

Hogging Sagging

In still water

In wave

f(x): Distributed loads in longitudinal direction
fS(x): Static longitudinal loads in longitudinal direction
fW(x): Hydrodynamic longitudinal loads induced by wave
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( ) ( ) ( )Rf x a x b x  x xɺɺ ɺ

z

x

z

x

  ( )( ) S Wf x f x f x 

. (( ) ( ) ) ( ) ( )F K D Rf xb x w x f x f x   

x

z
( )Wf x

?

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

• from 6DOF motion of ship

 , , , , ,
T

X Y T   x

x

z
 Sf x

f S(x)= b(x) – w(x): Load

fD(x): Diffraction force at x
fR(x): Radiation force at x by damping and added mass
fF.K(x): Froude-Krylov force at x

where,

Roll 

Pitch 

H
e
a
v
e
 T

Yaw 

O

x

y

z

 Ref.> 6 DOF motion of ship

additional loads in wave

 Dynamic longitudinal loads

 Direct calculation of dynamic longitudinal loads

How to determine        ? 3 3, ɺɺ ɺ

In order to calculate loads in waves,
first we have to determine           .3 3, ɺɺ ɺ

In still water

In wave

( ) ( ) ( )Sf x b x w x 



: Loads are induced by waves

f(x): Distributed loads in longitudinal direction
fS(x): Static longitudinal loads in longitudinal direction
fW(x): Hydrodynamic longitudinal loads induced by wave
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( ) ( ) ( )Rf x a x b x  x xɺɺ ɺ

z

x

.( ) ( ) ( ) ( )W F K D Rf x f x f x f x  

where,

 Direct calculation of dynamic longitudinal loads

Load induced
by Wave

Actual Vertical Wave
Bending Moment

Actual Vertical Wave
Shear Force

0
( ) ( )

x

W WM x Q x dx 

0
( ) ( )

x

W W
Q x f x dx 

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



2019-07-22

22

43
Innovative Ship and Offshore Plant Design, Spring 2019, Myung-Il Roh

Rule Values of Vertical Wave Bending Moments

 Direct calculation of dynamic longitudinal loads
• Loads are induced by waves

Actual Vertical Wave
Shear Force

0
( ) ( )

x

W W
Q x f x dx 

Direct calculation values of vertical wave bending moments can be used for design 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.

Actual Vertical Wave
Bending Moment 0

( ) ( )
x

W WM x Q x dx 

[ ]W WOM M kNm

)7.0(11.0 2  BWWO CBLCM 

BW BCLC
2

19.0  [kNm] in hogging

[kNm] in sagging 

α = 1.0 for seagoing condition

= 0.5 for harbor and sheltered water conditions (enclosed fiords, lakes, rivers)
CW: wave coefficient

The rule vertical wave bending moments amidships are given by: 

CB: block coefficient, not be taken less than 0.6

WC

  2/3
100/)300(75.10 L

75.10

L0792.0

  2/3
150/)350(75.10  L350L

350300  L

300100  L

100L

L

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

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

Design VWBM = Min(Actual VWBM, Rule VWBM) + margin
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Rule Values of Vertical Wave Shear Forces

 Direct calculation of dynamic longitudinal loads

• Loads are induced by waves

Load induced by 
Wave

Actual Vertical Wave
Shear Force

0
( ) ( )

x

W W
Q x f x dx 

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

Positive shear force: )7.0(3.0  BWwqpWP CLBCkQ 

)7.0(3.0  BWwqnWN CLBCkQ 

β: coefficient according 
to operating condition

kwqp, kwqn: coefficients 
according to location in 
lengthwise

Negative shear force:

CW: wave coefficient

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.

where, ( ) ( ) ( )Rf x a x b x  x xɺɺ ɺ

.( ) ( ) ( ) ( )W D F K Rf x f x f x f x  

(DNV Pt.3 Ch.1 Sec.5 B203)

Design VWSF = Min(Actual VWSF, Rule VWSF) + margin
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[Example] Rule Values of Still Water Bending Moments (Ms) 
and Vertical Wave Bending Moment (Mw)

Calculate LS, CB,SCANT, and vertical wave bending moment (MW) at amidships (0.5L) of a ship
in hogging condition for sea going condition.

Given: 332.0 , 317.2 , 322.85 , 43.2 , 14.5 ,  140,960OA BP EXT sL m L m L m B m T m ton      

(Sol.)
 

20.065 ( 0.7),
SO WU B in sagging

M C L B C  

 
2 (0.1225 0.015 ),WU B in hogging

C L B C 

 
20.11 ( 0.7),WO W B insagging

M C L B C  

 
20.19 ,

W B in hogging
C L BC

)(kNmMM SOS 

)(kNmMM WOw 

0.97 0.97 322.85 313.16
s EXT

L L    

 ,

140,906
/ 1.025 0.701

1.025 313.16 43.2 14.5
B SCANT s s

C L B T      
  

1.0,  for sea going condition, 

10.75, if 300 L 350 (wave coefficient)
W

C   

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

k 

 2

,
0.19

WO W B SCANT
M C L B C kNm     

 20.19 1.0 10.75 313.16 43.2 0.701 6,066,303 kNm      

at  0.5L, 1.0
wm

k 

1.0
W WO

M M 

 1.0 6,066,303
W WO

M M kNm  So,

1) DSME, Ship Structural Design, 5-2 Load on Hull Structure, Example 4, 2005
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Still Water Bending Moment Curve (T&S Booklet)
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Total Bending Moment Curve
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Total Bending Moment Hogging
= Design SWBM + VWBM

Total Bending Moment Sagging
= Design SWBM + VWBM
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(3) Section Modulus
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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.
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Vertical Location of Neutral Axis about Baseline

..LB

..AN

DeckUpper


<Midship section>

D
y

ihB
y

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

i ih A

iA

i i
h A

h
A




:  vertical center of structural memberih

:  area of structural memberiA

:  vertical location of neutral axish

:  total areaA

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

h

By definition, neutral axis pass through
the centroid of the cross section. 

h
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2

. . .N A B LI I A h 

2

. . .B L N AI I A h 

- The midship section moment of inertia about base line (IB.L)

- then calculate the midship section moment of inertia about neutral axis (IN.A) using IB.L.

Midship Section Moment of Inertia about N.A

.

,
/N A

M M
σ

I y Z
 

l 
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Section modulus

..LB

..AN

DeckUpper


<Midship section>

Dyy

By

. .

:bending stress

:Total bending moment

: Total Area

: nertia of the midship section area about 

neutral axis (N.A.)

B.L : Base Line

T

N A

M

A

I I moment



. . ,D
N A

D

Z
y

I


Calculation of Actual Stress at Deck and Bottom

Calculation of Section Modulus and Actual Stress
at Deck and Bottom

. .

B

N A
BZ

y

I


. /
Deck

N A D

M

I y
 

. /
Bottom

N A B

M

I y
 

D

M

Z


B

M

Z


.

,
/N A

M M
σ

I y Z
 

l 
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Global Hull Girder Strength (Longitudinal Strength) 
- Definition of the Longitudinal Strength Members

Application of hull girder load effects

※ 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

Sec. 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:

a) 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.

* Hughes, Ship Structural Design, John Wiley & Sons, 1983

54
Innovative Ship and Offshore Plant Design, Spring 2019, Myung-Il Roh

(DNV Pt.3 Ch.1 Sec. 5 C300), 2011
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The Minimum Required Midship Section Modulus and 
Inertia Moment by DNV Rule

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

2 3

1

( 0.7)   [cm ]WO
O B

C
Z L B C

f
 

CWO: wave coefficient

CB is in this case not to be taken less than 0.60.

WOC

  2/3
100/)300(75.10 L

75.10

  2/3
150/)350(75.10  L350L

350300  L

300L

L

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

(Pt.3 Ch.1 Sec.5 C302)

3 43 ( 0.7) [ ]ship W BI C L B C cm 

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

* DNV Rules, Jan. 2004, Pt.3 Ch.1 Sec.5
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(DNV Pt.3 Ch.1 Sec.5 C302), 2011
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(DNV Pt.3 Ch.1 Sec.5 C401), 2011
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Material Factors (f1)

* Yield Stress (σy) [N/mm2] or [MPa]:
The magnitude of the load required to 
cause yielding in the beam.2)

* NV-NS: Normal Strength Steel (Mild Steel)

1) DNV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2  

 The material factor f1 is included in the various formulae for 
scantlings and in expressions giving allowable stresses.1)

Material
Designation

Yield Stress
(N/mm2)

Material
Factor (f1)

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

NSNV 


* 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.

2) James M. Gere, Mechanics of Materials 7th Edition, 
Thomson, Chap.1, pp.15~26

* A: ‘A’ grade ‘Normal Strength Steel’
* AH: ‘A’ grade ‘High Tensile Steel’
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Summary of Longitudinal Strength

Calculation of hull girder total shear force & bending moment

4. Shear force curve   s SQ f dx 
5. Bending moment curve  

S s
M Q dx 

Class rule (QW , MW)

Calculation of section modulus (Local scantling)

Actual bending stress ≤ Allowable bending stress
Modify longitudinal 
structural members

No

End of design of longitudinal strength

Yes

Still water shear forces  QS
Still water bending moments  MS

Wave shear force  QW
Wave bending moment  MW

3. Load curve ( ) ( ) ( )
S

f x W x B x 

1. Weight curve )(xW

2. Buoyancy curve )(xB

Direct calculation (QW , MW) 

(QS , MS) Min. rule requirements 

(QS , MS) based on the loading conditions 

1. Wave Load curve
.( ) ( ) ( ) ( )W D F K Rf x f x f x f x  

2. Vertical Wave Shear force curve   

W WQ f dx 
3. Vertical Wave Bending moment curve  

W W
M Q dx 

Direct calculation values can be used for wave shear force and
wave bending moment.

Larger value shall be used for the design still water bending moment
between the largest actual still water bending moment based on loading 
conditions and still water bending moment by rule.

.

,
/N A

M M
σ

I y Z
 

l 
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3. Structural Design of Midship
Section of a 3,700 TEU Container Ship

(1) Data for Structural Design
(2) Longitudinal Strength
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(1) Data for Structural Design
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Midship Section for 3,700 TEU Container Ship
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Design Still Water Bending Moment
for Ballast Arrival Condition

214,994[ ]SM ton m 
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Design Still Water Bending Moment

By calculating the section modulus and stress factor of the basis ship, 
we can assume the stress factor for the design ship.

214,994[ ]SM ton m 

From ballast arrival 
condition,
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(2) Longitudinal Strength
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Example of Midship Scantling
- Midship Scantling for 3,700 TEU Container Ship

1) DNV Rules, Pt. 3 Ch. 1 Sec. 5 B100, Jan. 2004
2) DNV Rules, Pt. 3 Ch. 1 Sec. 5 B200, Jan. 2004

Design still water bending 
moment by rule1)

<Calculation of Design Bending Moment (Hogging)>

1.0 2,364,171.77

2,364,171.77 ( )

S sm SO
M k M

kN m



 

 

2

2

(0.1225 0.015 )

10.37 247.64 32.2

(0.1225 0.015 0.6581)

2,364,171.77( )

SO WU BM C L B C

kN m

 

  

  

 

3/2

3/2

10.75 [(300 ) /100]

10.75 [(300 247.64) /100]

10.37

WU WC C

L



  

  



1.0 2,560,481.90

2,560,481.90( )

W wm WOM k M

kN m



 

 

2

2

0.19

0.19 1.0 10.37 247.64 32.2 0.6581

2,560, 481.90( )

WO WU BM C L B C

kN m



     

 

2,364,171.77 2,560,481.90

S WM M M 

 



 Wave bending moment2)

 Design bending moment at sagging condition is calculated in the same way.
1,807,679.05( )

3,059,149.16( )

S

W

M kN m

M kN m

  

 

Largest actual still water 
bending moment based on 
the loading conditions

2,364,171.77( )
S

M kNm 

<Calculation of Design Bending Moment (Sagging)>

1,807,679.05 3,059,149.16

S WM M M 

  

 Still water bending moment
- Larger value shall be used for still water bending moment

between the largest actual still water bending moment based on 
loading conditions and design still water bending moment by rule.

- At ballast arrival condition

2,109,290( )

214,994( )

S
M kN m

ton m
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(DNV Pt. 3 Ch. 1 Sec. 5 B101), 2011
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(DNV Pt. 3 Ch. 1 Sec. 5 B201), 2011
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IBP (inner bottom plate) area (A)
= Width of IBP X Thickness of IBP
Ex. Area of IBP2 2340 1.35 459 cm  

Plates at Bottom Structure

2

x xI I b A  

Moment of inertia of IBP area about base 
line (Ix’) is obtained by using the parallel-axis 
theorem.

1st moment of IBP area about base line
= Area of IBP (A) X Vertical center of IBP (b)

3459 170 78,030 cm  
Ex. 1st moment of Area of IBP2

2 07 4459 170 1.327e cm  

2nd moment of IBP area about base line
= Area of IBP (A) X Vertical center of IBP (b)2

Ex. 2nd moment of Area of IBP2

3 3
01 4340 1.35

6.971
12 12

LB
e cm


  

Moment of inertia of IBP area (Ix)
Ex. Moment of inertia of IBP2 area

IBP2 area
=340X1.35=459 cm2

nd

nd

B

L

x

Example of Midship Scantling
- Midship Scantling for 3,700 TEU Container Ship

70
Innovative Ship and Offshore Plant Design, Spring 2019, Myung-Il Roh

For convenience of calculation of moment of inertia 
of the stiffener area about base line, we consider that 
the stiffener is actually composed of flange and web 
plate and thus the stiffener is assumed as the flange 
and web plate.

Flange

Web plate

Neutral axis of bottom structure  
= Total 1st moment of area about base line / Total area

590,637
78.55 [ ]

7,519
cm 

IBP2 area
=340X1.35=459 cm2

Stiffeners at Bottom Structure

nd

nd

nd

nd

Example of Midship Scantling
- Midship Scantling for 3,700 TEU Container Ship
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Calculation of moment of inertia of sectional area from neutral axis 
Area, neutral axis, 1st moment & 2nd moment about baseline, and moment of inertia of side structu
re, bulkhead structure, deck structure are calculated in the same way and the results are as follows:

Vertical location of neutral axis of midship section from baseline (   ) is calculated by using the 
above table.

07
1.583

873.2[ ]
18,127

e
cm 

Moment of inertia of area about neutral axis of midship section:

 

 

2

. ., ,

2 2

,

2 2

,

08 10 2 10 4
7.620 2.540 873.2 18,127 1.234 [ ]

N A Total Base Total i

Local i i i i

Local i i i i

I I h A

I A h h A

I A h h A

e e e cm

 

  

  

    


 
  

2

, . .,Base Total N A Total iI I h A  
(Parallel-axis theorem)  2

, ,Base Total Local i i iI I A h 

h  Total 1st moment of area about baseline / Total area

h

3

. .

3

: moment of inertia of midship section area about neutral axis (cm )

: moment of inertia of midship section area about base line (cm )

: vertical center of structuralmember (cm)

: area of structuralmember (cm

N A

Base

i

i

I

I

h

A )

Example of Midship Scantling
- Midship Scantling for 3,700 TEU Container Ship
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 Bottom section modulus 10

7 3

2 /

2 1.234 /1, 226.8

2.012 [ ]

D DZ I y

e

e cm

 

 



 Bottom Stress Factor

(yD: Vertical distance from N.A to deck=2094–873.2 = 1,226.8 cm)

 Deck section modulus

2

1

7

5.7( )

5.7 4,924,653.67

1.0 2.826

S W
b

B

M M
f

f Z

e







 



10

7 3

2 /

2 1.234 /873.2

2.826 [ ]

B B
Z I y

e

e cm

 

 



(yB: Vertical distance from N.A to bottom = 873.2cm)

2

1

7

5.7( )

5.7 4,924,653.67

1.39 2.012

S W
d

D

M M
f

f Z

e







 



 Deck Stress Factor

 Bottom stress factor of the basis ship
7 3

2.595BZ e cm

Because the section modulus at bottom is larger than
that of the basis ship, the stress factor should be
decreased. 

 Deck stress factor of the basis ship
7 3

2.345DZ e cm

2
383

[ ]kl spw
Z cm




db

WS
db

Z

MM
f

,

2,2

)(7.5 


③ Because the stress factor (f2b) is decreased, 
the allowable stress is increased. 

1 2225 130 0.7b dbf f   

④ Because the allowable stress is increased, 
the required section modulus is decreased. So, 
we can reduce the size of the structure member.

① Assume section modulus

② Actual section modulus

Because the section modulus at deck is smaller than
that of the basis ship, the stress factor will be increased. 
However, if HT-36 is used, then the stress factor can be 
decreased.

Example of Midship Scantling
- Midship Scantling for 3,700 TEU Container Ship

(port & starboard)

(port & starboard)

e.g., Allowable stress for longitudinals at inner bottom
e.g., Required section modulus
for longitudinals at inner bottom
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Main data, geometry, 

and arrangement

� Midship section arrangement

Local scantling

Calculation of 

actual section modulus

Required section modulus


Actual section modulus

Rule scantling end

Yes

No

Calculation of stress factor

According to 

the rule requirement

Estimation of design bending moment

Local scantling

Longitudinal 
strength check

The local scantling is determined 
assuming that initial midship section 
modulus of the design ship is equal to 
that of the basis ship.

The midship section modulus of the 
basis ship:

7 32.595
B

Z e cm
7 32.345

D
Z e cm

The actual bending stress (act.) shall
not be greater than 
the allowable bending stress (l).

Therefore, we have to repeat the
calculation.

Example of Midship Scantling
- Midship Scantling for 3,700 TEU Container Ship

Assumption of initial 

midship section modulus

As-built ship 

midship section modulus


