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Introduction to Ship Structural Design
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Ship Structural Design
- Review of Mechanics of materials*

® \What we have studied with Beam theory
Load: f(x) y,

cause

A

f(x) £TT
/ N
Shear Force: V (x) - - N— )
Bending Moment: M (x) — Y N
Deflection : y(X) L

‘relations’ of load, S.F., B.M.,
and deflection £V ix)

Innovative Ship Design - Elasticity 1

*Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006

E :young's modulus
I : mass moment of inertia

Efor example ,
1y 4 f(X)=w
YYVYVIVIVYVIVIVYYY

X
V(x)= 7L—WX
wbx  wx?
M —
(X) = 2 >
=——— (®-2Lx*+x
y(x) 24 ( )

2 Seoul
National Advanced Sh/p Desi fgn Automation Lab,  H8T
Uniyv. http.//asdal.snu.ac.



_WwL Cwkx wx? WX s g2 8
Simple Integration " " TETET
yt f(x)=w
Y d4 X /4 4
Atirriiiiiiiiil Eu—dyﬁ):_w YO=0  yL)=0  y©=0 y(L)=0
X
After integrate four times, y(X)=c1+CZX+ch2+c:4x3—%x4
14 W
y"(x) = 2c, +6C4X—EX2
y(0)=0 ,y(0)=c o =0 W s
y'(0)=0 ,y"(0)=2c, ©.C=0 R V1T
4 " w . w :_l 2 l 3
y (L):O Y (X)=6C4L—EL2 ..C4ZEL (12E| L)L +24E| L
_ W 3 W o3
y(L)=0 ,y(L):ch+c4L3—%L4 .'.ch+c4L3—%L4:O =" - 2R
___W s
== | 24E|
24|

y(X) =— Wy W e Wy
24EI| 12EI 24EI|

:_ZZVI)E(I (L -2 +x°)

Innovative Ship Design - Elasticity 1
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Ship Structural Design
- Review of Mechanics of materials*
® \What we have studied with Beam theory

Load: f(x)

cause

Shear Force: V (x)
Bending Moment: M (x)
Deflection : y(x)

‘relations’ of load, S.F., B.M.,

and deflection

dV(x) dM (x)
™ -f(x) , =V (x)
d dy(zx) M (%)

€.
(ﬁ}what is our interest?

® Safety :
Won't it fail under the load?

® Geometry :
How much it would be bent
under the load?

Innovative Ship Design - Elasticity 1

Yy ) £
y N
|J'. ||$I|J/Ir| '\\Jrl llJ.l =X
(%204 N
L
i V‘x)
T 1/4{ \ -
ST )
L Y(X)
F X

St

Di

ress should meet :

M
, Where o, = W
y/ Yi

fferential equations of the deflection curve

Gact < Uallow

£ 47Y()

=—f(x)

dx’

< stress on beam section>

M

z

*Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006

E :young's modulus
I : mass moment of inertia

for example ,

yt f(x)=w
I ITITIITTITY! y
V(X)=W7L—WX
wLx  wx’
M(X)—T‘ 2
y()_—T(L —2Lx* +x°)

< section of Beam>
o

a4

y :neutral axis
y; :distance from neutral axis

,(I; : momentof inertia fromy)

,(z : section modulus)

2 Seoul
National Advanced Sh/p Desi fgn Automation Lab, 6187
Uniyv. http.//asdal.snu.ac.



Load: f(x) y

< < T,
Ship Structural Design T
Shear Force: V (x) — —\ X
. . Bending Moment: M (x) L
o Sh|p Structural DeS|gn Deflection : y(x)
. - — YA f(x) M (x)
{ relations’ of load, S.F., ’
€ : C - A Vgx
what is designer’s major interest? ——H
dvx) _ Sf ) | dM(x) _V(x) P Hrii/‘~ J —>
dX V. S
® Safety : v El ddf((zx) =M(x) 1‘: X y
Won't fail under the load? h -
ﬁl’}what is our interest?
a Ship } gIObaI ® Safety : Stress should meet :
E Won't it fail under the < e = W
a stiffener Joad? Oact = Oliow| “ 1%z
lat ocal
a .p ate ° Geometry . Differential equations of the defection curve
How much it would be El d*y(x) _ —f(x)
bent under the load? dx’

Innovative Ship Design - Elasticity 1

S Seoul S
Y [ ¥ Vational Advanced Ship Desi fan Automation Lab. 7/87
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Ship Structural Design

® Ship Structural Design
:!'-_

@
<”>what is designer’s major interest?

® Safety :
Won't @fa// under the load?

Load: f(x)

cause

Shear Force: V (x)
Bending Moment: M (x)
Deflection : y(x)

dv (x)
dx

dM (x)

-f =V(x)

El d’y(x)
dx?

=M(x)

‘relations’ of load, S.F.,

(X) Iﬁnh;

N

/ Vix
== 1
[N II&I.L/‘~ —>
YPAY J

ﬁ%’ =

€,
ﬁl’}what is our interest?

a Ship } gIObaI a/safety;: o " Stress should meet : y
. on’t it fail under the .M M
a stiffener }l | Joad? Oact S Ogign |+ Were %o = s/ Z
OocCa
a plate Differential equations of the defecti
| . Geometry : ) eren4|a equations o e derection curve
How much it would be g d ygx) —_f(x)
5 ? dx
a Shl p bent under the load'
y
Z A f(X) f‘hﬁk
/ \
X:> 0 B 7 7 ! T3 > X
= )
NN N ey 1] \ A2
_— N N N Ny
L
Actual stress on midship section should
be less than allowable stress
J o _ M mid
act. — “allow|  @act. — 7
mid
Allowable stress by Rule : (for example)
» Caow =175, [N/ mm?]
Innovative Ship Design - Elasticity 1
e M e b & Seoul
ﬁh @ National f;%"}’/fgi‘é a.S}/;/ﬁugis fgn Automation Lab, 8187

Uniyv.



Ship Structural Design

® Ship Structural Design

?’:
@
<”>what is designer’s major interest?

Load: f(x)

cause

Shear Force: V (x)
Bending Moment: M (x)
Deflection : y(x)

‘relations’ of load, S.F.,

dv (x)
dx

dM (x)

-f =V(x)

JE dzy(f) =M (x)
dx

Y f(x) FFR
L
ya f(x) M (x)
Vi Vix

y.al
111 11sdl/~ >
. 4L~_ J
A/
% y
g X

® Safety : v
Won't @fa// under the load?

a ship } global

€,
ﬁl’}what is our interest?

® Safety :
Won't it fail under the
load?

Stress should meet :

MM
, where o, =——=—
<o T =757

9 allow /i

act —

a stiffener } |
a plate oca

® Geometry :

Differential equations of the defection curve

How much it would be El d* VSX) —f(x)
5 ? dx
a Shl p bent under the load'
y
VA A f (X) TN " '
, \\ w(x) o° | w(x):weight
X:> ¢+ ||J./|*,J./IrI I\\.LI 1 I%j =X w A A4 XL
= qe 17 N +
L b(x) 5 P b(x):bouyancy
Actual stress on midship section should ? hat kinds of load f T )
be less than allowable stress what kinds of loa
M cause M ., —
< — —_mid Hydrostatics z f()=b(x) -w(x) : Load
Oact. = Oaliow| + Face. = Z H f(x)
mid «
Allowable stress by Rule : (for example)
=175f, [N /mm?]

' allow

Innovative Ship Design - Elasticity 1

BSHE, 1993, S

: S Seoul
H AL, p138 Y [l National Advanced Ship Desj fgn Automation Lab,  9/8T
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Ship Structural Design

® Ship Structural Design

?’:
@
<”>what is designer’s major interest?

Load: f(x)

cause

Shear Force: V (x)
Bending Moment: M (x)
Deflection : y(x)

‘relations’ of load, S.F.,

dv (x)
dx

dM (x)

-f =V(x)

JE dzy(f) =M (x)
dx

Y f(x) FFR
L
ya f(x) M (x)
Vi Vix

y.al
111 11sdl/~ >
. 4L~_ J
A/
% y
g X

® Safety : v
Won't @fa// under the load?

a ship } global

€,
ﬁl’}what is our interest?

® Safety :
Won't it fail under the
load?

Stress should meet :

MM
, where o, =——=—
<o T =757

9 allow /i

act —

a stiffener } |
a plate oca

® Geometry :

Differential equations of the defection curve

How much it would be El d* VSX) —f(x)
5 ? dx
a Shl p bent under the load'
y
‘ It * .
N w(X) z w(x):weight
X (LN I?I_ |
:> ;l II&/|J./IrI I\\.LI 1]{.} =X A A A A4 XL
SIS P N +
z x):bouyancy
b(x) /__ b(x):b
Actual stress on midship section should T hat kinds of load f T )
be less than allowable stress what kinds of loa
M cause M ., —
< — __mid Hydrostatics z f()=b(x) -w(x) : Load
Oact. = Oqliow| + Cact. = Z gy =2 f(x)
mid €., anything else? X
Allowable stress by Rule : (for example)
, Oaiow =175F, [N/ mm 1 Hydrodynamics

Innovative Ship Design - Elasticity 1

BSHE, 1993, S

: S Seoul
H AL, p138 Y [l National Advanced Ship Desjgn Automation Lab. 10/87
e Univ. http.//asdal.snu.ac.Kr



Ship Structural Design

® Ship Structural Design

'!’:

@
<”>what is designer’s major interest?

® Safety :
Won't @fa// under the load?

a ship }global
a stiffener ocal
a plate } oca
a ship

Z
T
e e Nl e

Actual stress on midship section should
be less than allowable stress

Gact . S

allow

pCt.

Allowable stress by Rule : (for example)

Innovative Ship Design - Elasticity 1
B T il

Load: f(x)

cause

Shear Force: V (x)
Bending Moment: M (x)
Deflection : y(x)

‘relations’ of load, S.F.,

dv (x)
dx

dM (x)

-f =V(x)

El d’y(x)
dx?

=M(x)

yT 4(x) F7

I L

Y4 a(x) M (X)
Vi Vix

y.al
111 11sdl/~ >
. 4L~_ J
A/
% y
g X

€,
ﬁl’}what is our interest?

® Safety :

Stress should meet :

Won't it fail under the M M
Joad? Tact S Oaliow| "™ 7= =1, )5~ 2
° Geometry . Differen:ial equations of the defection curve
How much it would be g 4y _ f(x)
bent under the load? dx’
y Hydrostatics, Hydrodynamics - - -
A
L () T <Midship section>
N %
[
X|:> = m——— N : I{-‘: > X | 7 Upper Deck
ane ,,y v \{1 a'.‘.’ I y <
I -
15 L | T
S how we can meet the rule? y : — N.A,(=Y)
T | AYi 4
‘Midship Design’ is to arrange DO = =) OO M OO B.L.

M, +M,,

the structural members and fix
the thickness of them to

mid Iship,N.A/yi

=175f, [N/ mm?]

secure enough section
modulus to the rule.

, M, : vertical wave bending moment
, M, :still water bending moment

+ Lghip.n 4. - moment of inertia from N.A. of Midship section

@ Advanced Ship Desje kqn Automation Lab. 11/87
http.//asdal.snu.ac.




Differential Equation for Deflection of Beam in vector notation

Innovative Ship Design - Elasticity 1

@ Advanced Ship Desl/éqn Automation Lab. 12/87
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Deflection of Beam with Vector

olgko , ,=¢ ,0k8, Fy o=Ee¢e

~~~~~~

@ strain at Y in x-direction :

Si( =& //
—v)-do-— I length ’
(p—-y)-do pdgz_yd_g y ,ds :initial lengt -
ds ds o ,Yy-do&:elongated Iength

E =

N
neutral ~ _
surface )

et
<

* neutral surface : Longitudinal lines on the lower part of the beam are
elongated, whereas those on the upper part are shortened. Thus the
lower part of the beam is in tension and the upper part is in
compression. Somewhere between the top and bottom of the beam is a
surface in which longitudinal lines do not change in length. This surface
is called neutral surface

Innovatlve Shlp DeS|gn Elasticity 1

- e ; D & Seoul
.ﬁh iy National Advanced Sh/p Desj fgn Automation Lab, 13187
== Univ. http.//asdal.snu.ac.



Deflection of Beam with Vector

cigko , ,=¢ ,0k8, Fy o=Ee¢

7N do 1

{ 4 | pdf=ds = ===

p ds yo

ds ]
@ strain at Y in x-direction :
gL =¢
(p—y)-do— pdo do y ,ds :initial length

&= =—y—=-2

ds ds Yo, , ¥ -d@&:elongated length

@ stress at Y in x-direction : 6, =0 dE.-& ,where ¢= Y sol=0 = —iE%
Jo,
@® force acting on (JA in x-direction :dFgE dA=(a )dA=ocdA - dF =—E L dAi
yo,

2
@ moment about z-axis : dM =y xdF =(yj)x(-E ldAi) = Ey—dAk
P P

Innovatlve Shlp DeS|gn Elasticity 1

Uniyv. http.//asdal.snu.ac.

”“b Seoul
N tional Ad vance dShp Des kqn Automation Lab, 1487



Deflection of Beam with Vector

oigkc , =¢ ,0ké&y, Fy o=Ee
[ de ds = 90_1
ds ]
@ strain at Y in x-direction : ¢ = (p—y)-i@—p-dﬁ =-y 29
S S
gL =¢ ,d@ :initial length, y-d@:elongated length
@ stress at Y in x-direction : ol=0 Z*-E%
® force acting on JA in x-direction . dF = —E%dAi
2 2
@ moment about z-axis : M =y xdF = (Yj)x(—EldAi) = Ey—dAk - M :IAdM :J.AEy;dAk
P P
El El
: o El El
DeflneI_IAydA then,M—pk M_p E> M:Ek
dy o i
® assume ds~dx, 6 = tan(@)za M = El -2k
B g0 d(dy) d(dy) @ 2 o O
ae (YJ _(_y _dy p do_dvy > >
ds dsldx) dxldx) d® * gs o Meel Y% m-opdY
dx? dx?
I_ljn_ov.a:ci.v.e ShipD:sign - Elasticity 1

”“b Seoul
N tional Ad ance 5/7p Des kqn Automation Lab. 15/87
Uniyv. http.//asdal.snu.ac.



° ° f(X)

Deflection of Beam with Vector o

oigko , ,=¢ ,0k&y, Fy o=Ee¢ N
@ strain at Y in x-direction : ¢ = ('O_y)'(;e_p'dg =y 29 .

S S

gL=¢ ,d@ :initiallength, y-d@&:elongated length
@ stress at Y in x-direction : O, =0 = ‘iE;
@® force acting on dA in x-direction :dF = —E%dAi
@ moment about z-axis :

2
dM =y xdF = (yj)x (-EL-dAi) =EL-dAk ~.M=] dM= jEy aak =ELic - yan
P P
dy . do d?y do d*y d?y
® assume ds = dx, 8 ~ tan D — M——k El —k) M=El—2k ,M =ElI
6)= dx ~ ds dx? >0 p ds " dx® dx*
® relationships between loads, shear forces, and bending moments
o Vi V.- (v+axli M. =— el
p Hi}ﬂ)d V,=V), V,= (V+ P dej, M, =-Mk, M, = (M + p dxjk
' ! I \:)\I «force equilibrium ZF =V,+V,+f(x)=0
& ‘ (Vlj)+( ( o dx)j (-f(x)j)=0
o, i .
Vl—Vl—adx—f(x)jj—O SV f(x)

”“b Seoul
N tional Ad vance dShp Des kqn Automation Lab, 16187
Uniyv. http.//asdal.snu.ac.



° ° f(X)
Deflection of Beam with Vector o
oigko , ,=¢ ,0k&y, Fy o=Ee¢ N
@ strain at Y in x-direction : &= 2~ y)-((jje—p-dé? =y 29 o
S S
gL=¢ ,d@ :initiallength, y-d@&:elongated length
@ stress at Y in x-direction : O, =0 = ‘iE;
@® force acting on dA in x-direction :dF = —E%dAi
@ moment about z-axis :
2
dM =y xdF = (yj)x (-EL-dAi) =EL-dAk ~.M=] dM= jEy dAK ==k 1] ydA
P P
dy . dg d°y do d?y d?y
® assume ds = dx, 8 ~ tan D — M——k El —k M=El—2k ,M =El
()dx ds de> p ds " dx® dx*
® relationships between loads, shear forces, and bending moments
U s N =Vi == ﬁ i = — = %
P \‘L_MJ,JA'{K’-E_. V,=V], V, = (V+ ac)l( dej, M, =-Mk, M, _(M + p dxjk
- _5 \‘_:)311 «force equilibrium —V =—f(x)
N ‘di. ‘ emoment equilibrium ZMz =M, +M, +dxxV, +%dxx(f(x)-dx) —

dx

2 Seoul
National Advanced Sh/p Desi fgn Automation Lab, 17187
Uniyv. http.//asdal.snu.ac.

_|v|k+(|v| +86dejk+(dX|)x[—[V +Z—de)1] (%dxijx(—f(x)j):o ikl] =V (X)

Innovatlve Shlp DeS|gn Elasticity 1




° ° f(X)

Deflection of Beam with Vector o

olgko , ,=¢ ,0kdy, Yy o=Ee WY
@ strain at Y in x-direction : &= 2~ y)-((jje—p-dé? =y 29 .

S S

gL=¢ ,d@ :initiallength, y-d@&:elongated length
@ stress at Y in x-direction : O, =0 = ‘iE;
@® force acting on dA in x-direction :dF = —E%dAi
@ moment about z-axis :

2
dM=yxdF:(yj)x(—E%dAi):Ey;dAk M= M- jEy dAK ==k 1] ydA
dy . do d°y dé d’y d2y
® assume ds = dx, 8 ~ tan D — M——k El —k M=El—2k ,M =El
()dx ds de> p ds " dx® dx*
® relationships between loads, shear forces, and bending moments
i oV . oM
\.\H_“vlll :{r’f)fx ‘ Vl :VJ, V2 :—(V +§/de], Ml = —Mk, M2 :(M +§dek
- s _5 \:})MJ oforce equilibium —— =—f(X) moment equilibrium d—M =V (X)
dx dx

2 Seoul
National Advanced Sh/p Desi fgn Automation Lab, 18187
Uniyv. http.//asdal.snu.ac.



Deflection of Beam with Vector i.zwhathappen

if we take the direction of
y axis reversed?

oigkc , =¢ ,0ké&y, Fy o=Ee
[ ) pdo=ds = 991
\of\ ds p
ds ]
@ strain at Y in x-direction : €:(p+y)-j<9—p-d¢9:y(:jé?
S S
gL =¢ ,d@ :initial length, y-d@:elongated length
@ stress at Y in x-direction : O, =0 ZiE%
® force acting on JA in x-direction : dF = E%dAi
2 2
@ moment about z-axis : AM =y xdF = (y]) x (EldAi) = —Ey—dAk - M :IAdM :—IAEy;dAk
P P
: _ ) _ __EI
Define I_jAy dA then, M ?k M -~ = m—_El
dy * Pio
® assume ds~dX, 0~ tan(@):& m=-£1 9
S
do d(dyj d(dyj d?y o 40 _d%y — -
ds dsldx) axlax) ax?  ds  dxX® M=-El"Jk M=-E1-2
I_ljn_ov.a:civ.e Ship D$§|gn - Elasticity 1 d dX

”“‘Seou/
N tional Ad ance ShpD kanutomatonL a6 19/87
Uniyv. http.//asdal.snu.ac.



'!':

Deflection of Beam with Vector j St

if we take the direction of
y axis reversed?

oigko , =¢ ,0k8, FEYy o=Ee¢

@ strain at Y in x-direction : &= (p+y)-d0—p-do _ de

ds 7 ds
gL=¢ ,d@ :initiallength, y-d@&:elongated length
@ stress at Y in x-direction : ©l =0 = E;
@ force acting on dA in x-direction : dF = EY dAi
yo,

@ moment about z-axis :

2 2
dM =y xdF = (yj)x (E - dAi) =—E - dAk ~M=[ dv =—'|.AEy—dAk—_k =] yia
yo,

P
® assume ds ~ dx, 6~ tan(0)= &y D C(;Q 3 oM = —7k——EIZ—9kE>M— El?jyk M =—El ziy
dx s dx®

® relationships between loads, shear forces, and bending moments

S V=V V=V S M =-wk, =+ D]k
OX OX
| oforce equilibrium —— =—f(X) <moment equilibrium s =V (X)

4
V(X) =>» dy__1dv_1 f(x)

dx* El dx EI

2 Seoul
National Advanced Sh/p Desi fgn Automation Lab, 20187
Uniyv. http.//asdal.snu.ac.



Deflection of Beam with Vector

I 1L R

u\ ‘),‘// M. \‘n‘\\
N —} N dV dM MlCrlf’ ]\;) >
W™ gy My O

RTIEL RN

d'y d'y
- El =—f(x - El f (X
dx* (x) dx (x)

Innovative Ship Design - Elasticity 1
it o

3" Seoul
y National Advanced Ship Desl/éqn Automation Lab, 21187
= Univ. http.//asdal.snu.ac.Kr



Differential Equation for Deflection of Beam in conventional
notation

Innovative Ship Design - Elasticity 1

@ Advanced Ship Desl/éqn Automation Lab. 22/87
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References : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006

Sign Convention for Normal Stress Sec.1.2 p4
Deformation Sign Convention and Static Sign Convention Sec. 4.3, p270~p271
Curvature Sign Convention Sec. 5.3, p303
Differential Equation of the Deflection Curve Sec. 9.2, p594~p599

Sign Convections and Deflection of Beams

Innovative Ship Design - Elasticity 1
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Sign Convention for Normal Stress*

Definition
Coordinates independent

O I— o) (+)

o E— ey (-)

When a sign convention for normal stresses is required, it is customary to define...

tensile stress as positive and

compressive stresses as negative

Innovative Ship Design - Elasticity 1

e T a T e EPWEN DA WP
*Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, Sec.1.2 p4 %%%hlp Desjgn Automation Lab 24/87
D.//asdal.snu.ac.Kr



Deformation Sign Conventions*

Definition
Coordinates independent

-“the algebraic sign of a stress resultant is determined by how it deforms the material
on which it acts rather than by its direction in space”

f
f V the upper part

Positive VVVV
-Shear, V.M J/ VvV Vv
-Bending
Moment, T l
-Intensity of the lower part
distributed load a positive shear force a positive bending

acts clockwise compresses the upper part

against the material of the beam

\V f
f the upper part ﬂ\ AN A\ 7|\

Negative
-Shear, Wallt ﬂ\ " }I\ 1 1
-Bending
Moment, l 1
-Intensity of the lower part
distributed load a negative shear force a negative bending

acts counterclockwise compresses the lower part

against the material of the beam

Innovative Ship Design - Elasticity 1
e *Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, Sec.4.3 p271 e
*Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, Sec.9.2 p598 (figure9-4) ey Sl el Al el

b.//asdal.snu.ac.




Static Sign Conventions*

Definition
Coordinates dependent

-when writing equations of equilibrium
-forces are positive or negative according to their direction along the coordinate axes

A
y Positive Negative
P m Shear, Moment Shear, Moment
A - .
S
< i y T ) v M
y
T v
% V I X - | X -
—).
A J
I X 7
M C1|
Vv B
InEgygtive Ship I?_esign - Elasticity 1 X

i

. a——___________EFVEWN DEEN __ W

*Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, Sec.4.3 p271

ranced Ship Desl/éqn Automation Lab. 26/87
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_do _de

K

1
Curvature Sign Conventions "5 ds dx

Definition
Coordinates dependent

-The sign convention for curvature depends upon the orientation of the coordinate axes*
-Curvature is positive when the angle of rotation increase as moving along the beam in
the positive x-direction

o Negative Curvature
Positive Curvature

\__/ 7\

v

A4

Innovative Ship Design - Elasticity 1

— e EPWEN D W
on, Th omson, 20061 Sec.5.3 p 303 Béilgh/p Desl/gn Automation Lab. 27/87

b.//asdal.snu.ac.

*Gere J.M., Mechanics of Materials, 6th editi




Free-Body Diagram & Convention

Static Sign Conventions

The shear force V
(which is a positive shear force) is given
a negative sign because it acts downward

Positive Negative
Shear, Moment Shear, Moment

I om | 1 Om

AP ! Deformation Sign Conventions
m E Positive Shear, Moment | Negative Shear, Moment
A = E V V
y | . S B ; MQ ® 1>|v| MQ © 1)|\/|
‘ X Vv V
a v v
example) P i 1 @1 1@1
A v
= " e
A X >|I i : the lower par t>M . t!t .

This example shows the distinction between
the deformation sign convention used for shear force and
the static sign convention used in the equation of equilibrium

Innovative Ship Design - Elasticity 1
B T il

@ Advanced Sh/p Desj kqn Automation Lab. 28/87
http.//asdal.snu.ac.



Coordinates Dependent

Positive Curvature | Negative Curvature

"IN

X

Y N\

[ Static Sign Convention ]

Positive Shear, Moment

Negative Shear, Moment

1Pk

Innovative Ship Design - Elasticity 1

Positive Stress

Comparison of Sign Conventions

Negative Stress

O

-

O

—-

[ Deformation Sign Convention ]

Positive Shear, Moment

Negative Shear, Moment

CtEID
1

the upper part

the lower part

f
/W N

vV, -M

D

M

the upper part

G/

the lower part

f

M

o seoul SDAL
y National Advanced Ship Design Automation Lab.

http.//asdal.snu.ac.Kr

29/87



Comparison of Sign Conventions

Example)

s

P
A ‘l' A/IO B
* ) =

-
L L L
é_ . -
g o7 2

1) Reaction (Free-body diagram)

yA P
M
A \l, /\0 B X
e ) —>

Moment Equilibrium at A

L
ZMzatA:' P‘Z - My +R;-L =0

Innovative Ship Design - Elasticity 1

Positive Moment

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature

Static Sign Convention ]

Me Shear, Mo%\ ‘ Negative Shear, Moment

i ,i al @ Advanced Ship Desl/éqn Automation Lab. 30/87
5 iv. http.//asdal.snu.ac.Kr



Comparison of Sign Conventions

Example)

y + | Coordinates Dependent I_

l P M B Positive Curvature ‘ Negative Curvature
0
A / \ X y V Y77 N\
o) — >
v X ' X
i L L L
. T 9| A Static Sign Convention
4 < 4 2
ositive Shear, Momel Negative Shear, Moment

1) Reaction (Free-body diagram)

XA \l:P /M s Positive Moment J_?
)
TR, =

L L
—_ — > — N|
R e E
Moment Equilibrium at A
DM, a=- P-% -M, +R,-L =0 .-.RB=E+%
Moment Equilibrium at B

ZMzatB +P- %' o = Ry,-L =0 LRy=—-—2

Innovatlve Ship De5|gn Elasticity 1

[ i ,i al @ %i anced Ship Des, kqn Automation Lab. 31/87
5 iv. http.//asdal.snu.ac.




Comparison of Sign Conventions

Example)

y + | Coordinates Dependent I_

lp M B yA P M Positive Curvature ‘ Negative Curvature
0
) —> >) —> ~
- g T X T X
L L L IR, Ry
lé Z |E Z 9l E “1 [ Static Sign Convention ]
Z Mz atA — -P. L— MO + RB N RB = E % Positive Shear, Moment Negative Shear, Moment
1) Reaction (Free-body diagram) 4 4 L
yA DM, 5 =+P- 3—"—M ~-R,-L .-.RA=3—P—%
0
°) | ’ ?; What happen if the direction is

assumed to be opposite?

IR, TR

Innovatlve Shlp De5|gn Elasticity 1

e Seou/ S D A L
Y éﬁ National Advanced Ship Desi fgn Automation Lab. 32/87

Univ. http.//asdal.snu.ac.




Comparison of Sign Conventions

Example)

y + | Coordinates Dependent I_

Positive Curvature Negative Curvature
A \ll " /\M ! B 4 \LP M, B |
° ) —p °) —> ~
- g T X T X
L L L 7 IR, Ry
lé — = |E T 9l o “1 Static Sign Convention
Z Mz atA = -P.—— MO + RB N RB = —+—0 Positive Shear, Moment Negative Shear, Moment
1) Reaction (Free-body diagram) 4 4 L
yA DM, 5 =+P- 3—"—M ~R,-L ~R,= 3P _M,
P M 4 4 L y
A ‘l’ " B « 1
i - > @
e / | What happen if the direction is
iR, R’ l’ assumed to be opposite?
B

Moment Equilibrium at A

L , ’ P M
ZMzatA:' P‘Z - MOH Re-L =0 SR :H(Z—'_Toj

Innovative Ship Design - Elasticity 1

@ Advanced Ship Desi kqn Automation Lab. 33/87
http.//asdal.snu.ac.



Comparison of Sign Conventions

Example)
V4
P M yA
P
A \ll [ ° 2 x A ‘L A/IO &
=) —> =) —>
L L D IR, Ry
< - > 5
4 4 2 L P M
DM, qa=-P:-==-M;+Ry-L " Ry=—+—2
1) Reaction (Free-body diagram) ?fL 43P LM
VA P v DM, 5 =+P- T—M ~-R,-L .'.RA=T—T°
A ‘l' . B v
‘:/) b What happen if the direction is
: R’ assumed to be opposite?
RA B
Moment Equilibrium at A
L P M
M :_P-—-MHR’-L:() R [P Mo
Z z atA 4 0 B B 4 L

Moment Equilibrium at B

ZMZ atB

Innovatlve Shlp Design - Elasticity 1

3L ; B 3P M
= +P- Srate o |+|/Ra-L =0 -~ Ry= (T_Toj

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature

I P

X X

Static Sign Convention

Positive Shear, Moment Negative Shear, Moment

7L B

@ Advanced Ship Desi kqn Automation Lab. 34/87
http.//asdal.snu.ac.



Comparison of Sign Conventions

Example)

y + _l Coordinates Dependent |

P M Positive Curvature ‘ Negative Curvature
A ‘l' "’ B y X PN

’ o ) —>X TV T
- T X T X
gk gsle—s—
4 4 2 /l L Static Sign Convention
What happen If the direction iS Positive Shear, Moment Negative Shear, Moment
1) Reaction (Free-body diagram) assumed to be opposite?
M M
A ‘L N\ 0 B X A ‘L 7\ 0 B X L
=) —> <) -
IR, Ry |, tR,=10N T Ry=20N1
(P M,
RB = 5~ ", RB = E_|_ %
— 4 L [ 4 L
o 3P _M, Iji o P My
Alla L 4 L
R, =R,
R, =-R,

Innovatlve Ship De5|gn Elasticity 1
—— - - e | m—— e L ! — — - . Y By, ¥ Vationa @%i vanced Ship De: kanutomaton a6, 35187
— ity e http.//asdal.snu.ac.




Comparison of Sign Conventions

Example)

y + _l Coordinates Dependent |
P M Positive Curvature ‘ Negative Curvature
A ‘l' ' B y AW
Pl Lo L B c
4 4 2 /l '! Static Sign Convention
What happen If the direction iS Positive Shear, Moment Negative Shear, Moment
1) Reaction (Free-body diagram) assumed to be opposite?
yA P M yA P )
al : B, Al | Vo B
4\ X N X
=) —> <) -
) R, Ry |, tR,=10N ~ Ry=20n1©
for instance, R, =10N, R; =20N
R, =—20N, R, =-10N < J)

R, =-R,, R, =-R,

Innovatlve Ship De5|gn Elasticity 1

[ i ,i al @ %i anced Ship Des, kqn Automation Lab. 36/87
5 iv. http.//asdal.snu.ac.



Comparison of Sign Conventions

Example)
y + _l Coordinates Dependent I_
P M PtCate‘NngVt
A ‘l' \° B Ml s | S
o) —" T i
L L - L ! X ' X
- — > - = B Static Sign Convention
[« 7 > 7 >~ 7
What happen If the direction iS Positive Shear, Moment Negative Shear, Moment
1) Reaction (Free-body diagram) assumed to be opposite?
yA P yA P
M M
A ‘l' N\’ Byl A ‘l' N\’ E L
e ) —» ) —>
' '
L R =—10N" Ry=—20N} 1R, =10N R, = 20N 4
i R, =10N, R, =20N
Rl ——R,, R, =—R, for instance, R, B
yA P
A \l' /'M 0 B X the same
<) — —
'
1 10N 20N 1

Innovative Ship Design - Elasticity 1

[ i‘ ,i al @ %i anced Ship Des, kqn Automation Lab. 37/87
TN iv. http.//asdal.snu.ac.



Coordinates Independent

[ )] [ ] [ )]
Comparison of Sign Conventions | =t
Example) D D
y + [ Deformation Sign Convention ]
P M Positive Shear, Moment Negative Shear, Moment
A \L 0 B vV, M Vv, -M
y o \) X
—> It
o
L L L 7
[ — >k — 3 Py 2 e v
4 4 2 I 1 l g I
2) Shear force and bending moment at x (Free-body diagram) B
yA P the un[')\ﬁ part the up'\:ler part
Al M VM Capd|| O
y X €, Which direction can be assumed for e towerlomr e omer part
e ) z’;shear force and bending moment? ; ‘
1\ y Y y
R \
A
yA P M M _| Coordinates Dependent I_
A J’ / \ 0 V X Positive Curvature ‘ Negative Curvature
e ) > Let us assume the direction with which
~ they have positive deform y Y7 N\
TR, ™ |
X X
[ Static Sign Convention ]
Positive Shear, Moment ‘ Negative Shear, Moment
DEATSI
e » \%
Inng:(alve Ship I?_e5|gn - Elasticity 1 : _ |

X X 38/87




Comparison of Sign Conventions

Example)
V4

A

P
U G
& X
°)
-
L L L 7
< - > 5
4 4 2
2) Shear force and bending moment at x (Free-body diagram)

yA M

Al 40 WY
e ) _>X Let us assume the direction with which
~ they have positive deform

% |

Force Equilibrium

D F = +R,-P-V =0 ~V=R,—-P

Innovative Ship Design - Elasticity 1

Positive Stress

Coordinates Independent

Negative Stress

=

-

[ Deformation Sign Convention ]

Positive Shear, Moment

Negative Shear, Moment

vV, M

(1

—

‘M

the uppef part

Ca

vV, -M

D

the upper part

G/

the lower part

f

/

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature

VB

VD

Static Sign Convention ]

‘ Negative Shear, Moment

;Q/e Shear, Mo%t\

yJLD M

39/87




Coordinates Independent

Comparison of Sign Conventions | ===

Example) <—D—> l ﬂ
T e

A ‘l’ /M ° B V.M v, M
~ — GEDIQD

L L L 7 ; ;
%4*4| 2 1 I \l lg1

2) Shear force and bending moment at x (Free-body diagram)

A the un[')\ﬁ part t eup'\:ler part
A Mo ap>
e ) X Let us assume the direction with which the lower the lower part
~ they have positive deform f f
1\ R WA y
A X :4

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature

I~

X X

Force Equilibrium

D F = +R,-P-V =0 ~V=R,—-P

Moment Equilibrium at A

L PL Static Sign Convention ]
Z I\/IZ atA - - P .Z = MO - V X + M = O S M T—'_ M +V X ;Q/eshear Mo%t\ ‘ Negative Shear, Moment

Innovative Ship Design - Elasticity 1

40/87




Coordinates Independent

[ )] [ ] [ )]
Comparison of Sign Conventions | =t
Example) E l E
+ [ Deformation Sign Convention ]
P Positive Shear, Moment Negative Shear, Moment
A \L B Vv, M Vv, -M
X
=) — CEID QD
L L L
g e he— 5 — o v
4 4 2 I 1 l [} I
2) Shear force and bending moment at x (Free-body?gzliagram) o
yA P M V' M’ €. What happen if the direction is esopir e
A \l, ~\ 0 X i.; assumed to be opposite? CD) C€7>
1\ R - Let us assume the direction with which \ ; y / f
A X )I they have negative deform

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature
X X
[ Static Sign Convention ]
Positive Shear, Moment ‘ Negative Shear, Moment

IDEARE
e » \
Innov_tlve Ship I?_e5|gn - Elasticity 1 : : = .
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Comparison of Sign Conventions

Example)
7
P
A l: g
—

L

N

v
L L
léz*zél 5 7

2) Shear force and bending moment at x (Free-body diagram)
?:

yA
A

\l,P

V’M

. % |

Force Equilibrium

ZFy: +R,-P

Innovative Ship Design - Elasticity 1

€.
-
)

What happen if the direction is
assumed to be opposite?

Let us assume the direction with which
they have negative deform

Coordinates Independent

Positive Stress

Negative Stress

&

[ Deformation Sign Convention ]

Positive Shear, Moment

Negative Shear, Moment

vV, M

CHED

\Y
\
—

M

the upper part

CaD

the lower part

vV, -M

LD
IC

M

the uppdr part

G

the lower part

f

/

_l Coordinates Dependent I_

Positive Curvature

‘ Negative Curvature

I~

X

17>

X

Static Sign Convention ]

;Q/e Shear, Mo%t\

‘ Negative Shear, Moment

yJB M

42/87




Comparison of Sign Conventions

Example)
7
P
A l: g
L LY L
- = = N|
< 4 > 4 >] 5 7

2) Shear force and bending moment at x (Free-body diagram)
?:

y A M’ > . . ..
\l,P M VA& €. What happen if the direction is
0 assumed to be opposite?
A . A~ X ,3: PP
* ) >
1‘ R Let us assume the direction with which
A X )I they have negative deform

Coordinates Independent

Positive Stress

Negative Stress

&

[ Deformation Sign Convention ]

Positive Shear, Moment

Negative Shear, Moment

vV, M

CHED

\Y
\
—

M

the upper part

CaD

the lower part

vV, -M

G
It

the uppdr part

G

the lower part

f

/

Force Equilibrium

ZFy: + R, = P|+|V'=
Moment Equilibrium at A

L
ZMzatA:' PZ - MO

Innovatlve Shlp De5|gn Elasticity 1

_l Coordinates Dependent I_

Positive Curvature

‘ Negative Curvature

I~

X

172>

Static Sign Convention

)

;Q/e Shear, Mo%t\

‘ Negative Shear, Moment

yJB M

43/87




Comparison of Sign Conventions

Example)
V4
P
A \L /MO B
<) LK
-
L L L 7
k¢19K119| 5 7|

7’:
€.. What happen if the direction is
i assumed to be opposite?

2) Shear force and bending moment at x (Free-body diagram)

A ' A
A .\ x i A .\ X
o ) s 2 o ) >
' —
th % | 7 th ﬁ
=—(R,~P) V=R,-P
, PL :
M= =S5 =My V' M—%+M RV
PL‘G [ | iy
M= Mo~ (R =P) X \L M=%+Mo+(RA P)-X
PL
= (T+M +(R,—P)- X) V'=-V
=-M M’'=-M

Innovative Ship Design - Elasticity 1

Coordinates Independent

Positive Stress Negative Stress

&

[ Deformation Sign Convention ]

Positive Shear, Moment Negative Shear, Moment

D

V, M v, M

\V\ AY)
aq! ||
‘M M
Cab| O
the low e the lower part
f f
\ y /

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature
X X
[ Static Sign Convention ]
Positive Shear, Moment ‘ Negative Shear, Moment

~ et

44/87




Coordinates Independent

Positive Stress Negative Stress

Comparison of Sign Conventions

Example) D l D
+ [ Deformation Sign Convention ]
P Positive Shear, Moment Negative Shear, Moment
A Vo E o [
— — CED|
L L T
lé — * L él _ N €.. What happen if the direction is v v
4 4 2 i i‘; assumed to be opposite? I F 1 l [} I
2) Shear force and bending moment at x (Free-body diagram) B
‘M M
e N e gty )l
0
A _ x A _ ”
([ ) ) ® ) the lowerlpare the lower part
w—r f f
\ y /
1R, ; (A Xy M=20Nm
for TR s V - 1ON ! M - ZONm | Coordinates Dependent |
V, = _10 N y M ! = _20 Nm < D Positive Curvature ‘ Negative Curvature
V’ == —V yI‘ y yl/‘\
M ! = _M X X
[ Static Sign Convention ]
Positive Shear, Moment ‘ Negative Shear, Moment

45/87
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y Myt | ) M
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Comparison of Sign Conventions

Example)
V4
P M
A ‘l' 7\ g
* ) —>
7:
< L Sle L N L 3 €. What happen if the direction is
4 4 2 i i‘; assumed to be opposite?
2) Shear force and bending moment at x (Free-body diagram)
yA \l,P M V'==<10N yA \LP vV =10N
A N\’ x A . X
> -/
1‘ R, X4 M 1‘ R, X - 20
> M'=-20Nn >| M =20Nm
for instance V =10N,M =20Nm
V'=-10N, M'=-20Nm
¢ P 10
Il :
A [\ X the same

Coordinates Independent

Positive Stress Negative Stress

&

Deformation Sign Convention

Positive Shear, Moment Negative Shear, Moment
vV, M v, -M
—_ v
a' |
‘M M
C the uppe| part) Cthe{uppe 7t>
the lower'pare the lower part
f f
\ y /
| Coordinates Dependent |
Positive Curvature ‘ Negative Curvature
y J—>\ ) |V J—)/'\

X X

Static Sign Convention

Positive Shear, Moment ‘ Negative Shear, Moment

yJL) w yJL) y

~ et

46/87




Comparison of Sign Conventions

Example)

s

\LP

M,

A N
<) —
-
L L L *
— R 9 —
Rt
2) Shear force and bending moment at x (Free-body diagram)
y4 P=10N V' =—10N y4 F=10N V =10N
l\/IO Ile
A [\ x A 7\ ‘ ) X
o ) o )
' —
TRA X >I| M’ =—-20Nm TRA X >| M
1

if we describe them in vector notation?

=20Nm

Coordinates Independent

Positive Stress Negative Stress

&

[ Deformation Sign Convention ]

Positive Shear, Moment

(1

Negative Shear, Moment

»

V, M v, M

q

L v
a' |
‘M M
Cab| O
the lower'pare the lower part
f f
\ y /

_l Coordinates Dependent I_

Positive Curvature ‘ Negative Curvature
X X
[ Static Sign Convention ]
Positive Shear, Moment ‘ Negative Shear, Moment

Innovative Ship Design - Elasticity 1
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Comparison of Sign Conventions

Example)
4 P=10N
A l' M, =15Nm B
o) — X
-
L L L 7
< 4 > 4 >] 5 7

g
€
i‘; What if we describe them in vector notation?

P =-10j, P =-10
M, = —15k, M, =15

Innovative Ship Design - Elasticity 1
it o

i ,i al @ Advanced Ship Desl/éqn Automation Lab. 48/87
5 iv. http.//asdal.snu.ac.Kr




Comparison of Sign Conventions

'!:
Example) i if we describe them in YA

N P =10N vector notation? A
J MuSIisNm g _ B
A IQ'.\, | o P=-10j, P=-10 O % >
- N —_ - _
K%*%ﬂ%%ﬁl M, =-15k, M, =-15 T
L =30i,L =30 AB = OB — OA = 30i — 0i = 30i
1) Reaction (Free-body diagram) OB, OA: position vector
A
K \llp M 0 B Moment Equilibrium at A
[\ L. . i i
1\ :/) 'I)‘—)(b ZMzatA Z%XpﬂLMoH—XRB =ZI><PJ+|\/|0|(+LI><RBJ
R4 Rs
L
L L L R .—Pk+Mk+L-Rk=0
— — — 4
g g oke— 5 — L
(—-P+MO+L-RBjk=O
4
for instance,
30 30
( 10) +(-15)+30-R; (k=0 > 30-R; = T -10+15
Ry =3 R 10,15 5 1_
4 30 2 2

Innovative Ship Design - Elasticity 1

’”3 Seoul
Nat ional Ad vance d Ship Des, kqn Automation Lab. 49/87
http.//asdal.snu.ac.



Comparison of Sign Conventions

'!:
Example) i if we describe them in VT

yA P —-10N vector notation?
\1, M, =15Nm B : A S ox
A 2 ) P =—10j, P =-10 0/ >
:/, ”‘I)’ M 15k, M 15 ”
L L L =— =— _RA
5ot bole— - o =~ Mo L=
BA=0A-0B =0i-30i =-30i
1) Reaction (Free-body diagram) L =-30i, L=-30 OA, OB : position vector
A
y J,P M 0 B Moment Equilibrium at B
A V. X 3L 3L. .. R
:/) o—» ZMzatB :TXP+M°+LXRA :TIXPJ+|\/|OK+LI><RAJ
TRA Rs 3L

L TPk+Mk+LRk 0

L L ,
o g ok sle— 5 —

(% P+M,+L-R jk:O

for instance,

(3. (2130) -(-=10) + (-15) +(-30) - RAJ K=00) 30-R, = 3'(‘30) (-10)+(-15)
: wﬂ
SRy =7 A4 30
—R.i=7i 15 1
means, R,=R,J=7] RA:?_EZ

Innovative Ship Design - Elasticity 1

’”3 Seoul
Nat ional Ad vance: d Ship Des, kqn Automation Lab. 50/87
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Comparison of Sign Conventions

Example)

A P =10N

A \1, I\fl)_i,15Nm |B .
L, L ~ L A
< >k g de— 5 —

2) Shear force and bending moment at x (Free-
body diagram)

ya P=10N

Al ‘V .
(L )

Innovative Ship Design - Elasticity 1

-

1
€. if we describe them in
(E vector notation?

P =-10j, P =-10
M, = 15k, M, =—15

Force Equilibrium
Y F,=R,+P+V
=R,j+Pj+V]=0
(Ry,+P+V)j=0
for instance,
(7+(-10)+V)j=0
V =3

means,

V =Vj=3j

Ry=R\=7]

N @SDAL

Advanced Ship Desl/éqn Automation Lab. 51/87
http.//asdal.snu.ac.Kr



Comparison of Sign Conventions

'!':
Example) i if we describe them in VT

N P =10N vector notation? -
M, =15Nm .
A B = = — 1 X
‘1' fi'.:, | o P 10j, P 10 Oﬁ 7N >
KL*Eﬂ&Lé?’ Mo :—15k’ Mo =-15 L = AB : position vector
4 4 2 L =30i L =30 BA = OA - OB = 0i —30i = —30i

2) Shear force and bending moment at x (Free-

body diagram) Moment Equilibrium at A

L. . o
yAle\fl}\l/I o Vv ZMzatA :%xp+|\/|0+x><V+|\/| =ZI><PJ+|\/|0|(+XI><VJ+|V|
= m
A N X
- £ PR+ Mk + XV + Mk =0
M 4
X

N

(%-P+MO+X-V+Mjk:O

for instance, at X = Z L

(%(—10)+(—15)+%(30)-(3)+ I\/Ijk -0

V =Vj=3j Ve
M=Mk=255k 4 2 . ;
L M =255 M === (10) + (15) - (30) - (3)
y /I\/l 4 4
X means, M = Mk = 25.5k

’”3 Seoul
Nat ional Ad vance: d Ship Des, kqn Automation Lab. 52/87
Uniyv. http.//asdal.snu.ac.



D.E. for Deflection of Beam

@ definition o radius of curvature

1
K =— . curvature

Jo,
@ from the geometry T
1 do |
df=ds o —=—
P D s
linearization ds
if 0<<1, then ds =~ dx P
Innovative Ship Design - Elasticity 1 _
— . — —__mum.._._Aa.lDAL
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D.E. for Deflection of Beam

Linearization

If 9«1l

0y 4
Dds~dx | T

ds® = dx* +dy* —ds = dx 1+(

Q_|D_
X |<

jz

dy ’ dy ’
let, z=| —= | then, ,/1+ A =1+7z
X

dx
f(z)=+1+2 \:> | T
f(0)=1 N f(z):1+§z+5(_zjz b
1 - 1
f'(0)==@1+2) 2| == - -
2 2 if 0«1 0% 1 ay
1 3 1 %I
f”(O):_Z(l—i_z) 2 :_Z X tan€=g+9_3+2_95+...
o 3 15
(D) =V1l+z =1
. ds = dx

Innovative Ship Design - Elasticity 1
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D.E. for Deflection of Beam

@ definition o radius of curvature

1
K =— . curvature
Jo,
@ from the geometry "

1 do {
‘d@zds i “\ /
P D T ﬁ
ds

linearization
if 0<< 1; then ds ~ dx |E| by linearlization

1 do dé 2
SKE—=—-"2— E>1(:d—0 K_:d_@:i(ﬂ):d Z
p ds dx dx dx dx\dx/) dx
(;."2 observe the deformation sign
convention?

Coordinates Dependent

Positive Curvature Negative Curvature

i

ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, p300~306
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D.E. for Deflection of Beam

@ definition  ~- radius of curvature N o=Ee¢
’ AR
K= 1 : curvature ARV AN
p R A N
@ from the geometry and linearization ,do
1 dé do ~ ‘
_— = K=—— N 4 7
yo dx dX neutra\I\\ Y édsa B L’
® change in length surface T~ ~o_f j\ ds \— =
length of AB : pdf =ds = dx
length of AB’ :(p—y)d@d=ds"=dx’ X
(p—y)dd=dx
pdf—ydo =dx’ :
Ay . dx —+_' ‘ :
dx — ydé = dx since — =d4, ds'=dd B
dx P A :
—y—=dx'—dx \ :
P (after deformation) — (before deformation) E
Y B

ds = dx -
. Yy dx'—dx | — A«"\
@ strain " dx 1 :

A - definition of &,
-
Jo,

Innovative Ship Design - Elasticity 1
iy , a ———= e — o 0 ., e
ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, p300~306

ranced Ship Desl/éqn Automation Lab. 56/87
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D.E. for Deflection of Beam

@ definition o radius of curvature

1
K =— . curvature

Jo,
@ from the geometry and linearization
1 d9  do

y K=——
p X dx
® change in length

y _dx'—dx
p dx
@ strain y
& =—— 0Or g =—kKY
P AAAN

€. observe the deformation sign
convention?

g, —Ky |-

compression | — — | -

< match!

tension | + + |-

left side?

.

Innovatlve Shlp De5|gn Elasticity 1

What about the

/7 |\\ G = Eg
’ N
, ! N
’ | N
/7 1 N
// o, 1 \\
Vs . \
|d9 ﬂ
N\ d ! 7
N S
neutral ~ y <7 -7
surface S~ _ _T ds \— =
<+—>
X

Coordinates Dependent

y ds = dx
aketis st |

Positive Curvature ‘ Negative Curvature

yji yJ:

ref : Gere J.M., Mechanics of Matenals 6th edition, Thomson 2006, p300~306

ranced Ship Desi n Automation Lab.
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D.E. for Deflection

@ definition o radius of curvature

1
K =— . curvature

Jo,
@ from the geometry and linearization
1 d9  do

y K=——
p X dx
® change in length

_y _dx'—dx
@ strain P y o
E=—— 0reg =—-kKY
o,
® stress o, =Eg, Lo, = —El or —xy
® moment : P

the moment about neutral axis resultant of the normal
stresses O, acting over the cross section is equal to the
bending moment

the element force acting on the element of area .o ydA

dM =0, ydA &

/VVV\/\

observe the deformation sign convention?

. dM =EHo, ydA

Innovatlve Shlp DeS|gn Elasticity 1

<section AA’ > y
l X
%
dA

)

neutral

axis

(o)
O

deformation

dm
(oydA)

-+

CoydA

ref : Gere J.M., Mechanics of Matenals 6th edition, Thomson, 2006, p300~306

si;qn Automation Lab. 58/87
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D.E. for Deflection of Beam

@ definition o radius of curvature

1
K =— . curvature

Jo,
@ from the geometry and linearization
1 d9  do

y K=——
p X dx
® change in length

_y _dx'—dx
o, dx
@ strain y
gx =—= or gx — _K-y <section view> X
o,
=[E o,=—EY or -« y
@ stress GX - gX X p y —br AR ne:ftral
y surrace
® moment dM =-o ydA M = jAdM ; dA
M=-] o, ydA
B _JA (_E - ) y dA observe the deformation sign (%
P convention? e’;
E

DM : El M 1
~M=—| y’dA Define 1 =| y°dA then, M =— = M _
por I 7= ol el "

Innovatlve Shlp De5|gn Elasticity 1

r— DAL
ref : Gere J.M., Mechanics of Matenals 6th edition, Thomson 2006, p300~306 anced Ship Design Automation Lab, 59/87
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D.E. for Deflection

@ definition

p: radius of curvature

1
K =—: curvature
e,

@ from the geometry and linearization

1 do

_4deo _do
p dx

o

® change in length

@ strain

(G stress

® moment

( 1= ysz)

i

Innovative Ship Design - Elasticity 1

*Gere J.M., Mechanics of Materials, 6th editi

Y B

C;.S}observe the deformation sign convention?

“a positive bending moment produces positive curvature and a
negative bending moment produces negative curvature*”

of Beam

on, Thomson, 2006, p312

N =E
AR O =LcC¢
’ N
, ! N
’ | N
/7 1 N\
’ | N
s p N
Vs . \
|d9 ﬂ
N 7\ i
N dsi)\ : P
neutral ™ y < e
surface S~ _ ds -~
~~~~~ .
i
Y \4

<section view> X

y

neutral

o o surface
%
dA

Coordinates Dependent

Positive Curvature

Negative Curvature

ranced Ship Desl/éqn Automation Lab. 60/87
b.//asdal.snu.ac.Kr



D.E. for Deflection of Beam A Vo

1
@ definition  p: radius of curvature K= > : curvature

@ from the geometry and linearization

1_do _do
p o dx T dx
. y dx'—dx
® change in length — = =
o, dx
@ strain E = —% or ¢, =—KY
Yo,
@ moment dM - _O-X ydA M = i or M = ! I - A ysz Positive S:::::\r/lnozir:j::tSign Cl:\loer;\z:/t:)s:ear, Moment
El P El v, M v, -M
@ relationships between loads, shear forces, and bending moments CI 1> Cl I)
v ST Iv+ov,meaw °free-body diagram (positive 1l Ir
deformation) — -
M M

I3 3

Innovative Ship Design - Elasticity 1

M i

—
dition, Thomson, 2006, p300~306
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D.E. for Deflection of Beam A Vo

1
@ definition  p: radius of curvature K= > : curvature

@ from the geometry and linearization

140 o
podx T dx
. y dx'—dx
® change in length — ==
o, dx
@ strain E = —% or &, =—kY
yo,
® moment dM =-—0, ydA M _1 o M:K = Aysz
El p El
@ relationships between loads, shear forces, and bending moments — Coordinates Dependent |
f(X) .force eqUiIibrium Static Sign Convention
V, M AR V +dV, M _|_dM Z F y :V _ f (X)dx _ (V + dV ) — 0 Positive Shear, Moment ‘ Negative Shear, Moment
v
CT 1) —dV — f (x)dx =0 yIL)M yIIDM
dv
X ——=—1(x) ’ "
dx
ITr\_?v?tivg Ship De§ign - Elasticity 1 _

ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, p300~306 anced Ship Design Automation Lab. 62/87
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D.E. for Deflection of Beam

1
@ definition  p: radius of curvature K= > : curvature

@ from the geometry and linearization

140 o
podx T dx
. y dx'—dx
® change in length — ==
o, dx
@ strain E, =—% or ¢, =—KY
Jo,
® moment dM =-—0, ydA Mzi . M:K = Aysz
El p El
@ relationships between loads, shear forces, and bending moments
f(x) force equilibrium |dv (%)
VM b Vv, M+dm dx
(X)l moment equilibrium
T —M+f(x)dx%dx+(M +dM )-Vdx =0
4 dM —Vdx =0
M _v
dx

Innovative Ship Design - Elasticity 1

a E—
ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, p300~306

f(X)

_| Coordinates Dependent |_

Static Sign Convention

Positive Shear, Moment ‘ Negative Shear, Moment

\Y

yJB M yJL) M

b.//asdal.snu.ac.
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f(X) v

D.E. for Deflection of Beam

1
@ definition  p: radius of curvature K= > : curvature

@ from the geometry and linearization
1 dg  do

p o dx T dx
y dx'—dx

® change in length — ==
o, dx

@ strain &y :‘% or & =-KY

® stress o,=Ee, .o :_El ar =iy
D

©® moment dM =-o ydA (M 1 M 1= ydA

_——= e or — =K A V!M y

El p El \Y
@ relationships between loads, shear forces, and bending moments ‘
X

“force equilibrium | d\/ *moment equilibrium dM —\V (X)

&:_f(x) =

by the linearization (s~ dx, 9 ~ tan(H) — ﬂ
dx

do d(dyj d(dyj dZyE:> do d?y d?y

ds  dsldx) dx\ldx) dx’ @:dxz =40

,V +dV,M +dM

pd

Innovatlve Shlp DeS|gn Elasticity 1

ref : Gere J.M., Mechanics of Matenals 6th edition, Thomson, 2006, p300~306 Vanced Ship Desjgn Automation Lab, 64/87
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f(X) v

D.E. for Deflection of Beam

1
@ definition  p: radius of curvature K= > : curvature

@ from the geometry and linearization

140 o
p dx ' dx
. y dx'—dx
® change in length — ==
o, dx
@ strain E = —% or ¢, =—KY
®) stress o, =Eg, SO, = —El or —xy
Jo,
® moment dM =-—0, ydA M _1 o M:IZL = Aysz vy 1V +aV, M +dM
El p El 4 Y,
@ relationships between loads, shear forces, and bending moments T 1
force equilibrium d_V _ (X/)l *moment equilibrium dd_M Y (X) ¥
dx . X 2
by the linearization s ~ dx, 0 ~ tan(g) = dy
dx
dzy d2y M d2y d3y d4y
= L= El =M El —-=V El =—f
© T e % dx’ El : dx? g dx’ % dx* 0

Innovative Ship Design - Elasticity 1

—

a — L
ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, p300~306 anced Ship Design Automation Lab. 65/87
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2oc=E-¢=» deA—) dM convention

Summary Sign Convention & Equationsl =i«

deformation (ref : Gere) B.M. =1Klp y € c check ;jc'\g; dM M = IAdM relation btw V, M, f(x)
Yt & M =] yodA . i V- (dx—(V +dV ) =0
_ Ky UL 2 e N BV
) | )M—x Flor | 7| ™ SEC : | e
— Vidv M +dw | -M+F( x)q_‘.‘ +(M +dM)-Vdx=0
+ y O-ydA M _7.[ ysz x ) A I
;| /, dM _
Nk p =g TV
- =+ | tension X - d f(x)
. o 2 = —
i ' __notmatch! | | mOd'f'edIH dx dx*

'!':
iwhat is the difference with the vector notation?

@ moment about z-axis : dM =y xdF
- (yj) x (-E L dAi)
D

2
~EY dAK
o,

2
'.szAdM:J'AEy;dAk

Innovatlve Ship De5|gn Elasticity 1

e

BhpYy Seoul SDAL
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E2oc=E-¢» deA—>d|\/|

Summary : Sign Convention & Equations

convention

Derived

deformation (ref : Gere) B.M. =1Klp y € c check ;jc'\g; dM M :I dM relation btw V, M, f(x)
A
Ys o, ey U TR —di/(X)dx—(V+dV):0
W, M + or = | comp :fJ'Ay(fgy)dA ’ - - . K:_f(X)
M M VI )d,‘»& M +dM )-Vex =0
V) + y ~oydA M:Ef y2dA ~ C/ .xlﬂgMj’dM d+M e (M +dM) -V
= pA \\\ : R ”/ 7:V(X)
Yl 2 X - & -~ = ax 4
| P <+ | tension M d7y {dx - d*y £00
o, = T =—
[ not match! | [ modified|El  dx dx
'!':
iwhat about for ‘negative bending’?
i o M =—j yodA V+ f()dx+(V+dv)=0
2 A
— a i dv
y M + kY| 4 | tension :—IAy(—Ey)dA &Z_f(x)
( ) > oydA(m-E] i M- f(x)dx_,rdy (M +dM)+Vdx =0
| - — M=— Aysz ““““
X d XQ _l @ i 9 :%:V(x)
ol Il He e e19Y
O. 7T 2 =
1 I notmatchl | Ilmodlfl?dIEI dx i

Innovative Ship Design - Elasticity 1

@ Advanced Ship Design Automation Lab.
http.//asdal.snu.ac.Kr
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2oc=E-¢=» deA—) dM convention

Summary Sign Convention & Equationsl 2=

deformation (ref : Gere) B.M. =1Klp y € c check ;jc'\g; dM M :I dM relation btw V, M, f(x)
A
Ya o, ey M __J~ yodA /\\\ H' dx L \% di/(x)dx—(v +dv)=0
s M + N - | comp. . (—7y)dA /, . dxz_f();
B VidgvIM+dw | -M+f x)‘q_‘,‘ +(M +dM)-Vdx=0
\l) + y YA -*I y'dA ( X) am
\ ; _ ) 1°_-- :W:V(xz
_| P -+ | tension F ‘& El d'y f(%)
' o 2 =—
! | not match! | LM@EI dx dx*
7 N for exavrvnple . il
iwhat about the sign of values? s 7
‘ X il
w V (X) =——wx |
2
0
wL
2
. wL?
f(x whx  wx? —
(%) M (X) = —— — —— 8

My YV +dV, M +dM 2 2 /‘_\
=——— (I’ -2Lx* +x
y(x) 24 ( )W
5wL’

~ 384E|

Innovative Ship Design - Elasticity 1

@ Advanced Ship Desi kqn Automation Lab. 68/87
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Summary : Sign Convention & Equations

. V(X)ZWTL—WX |\/|(X):""ZLX_"";(2 y(x):—%(L3—2Lx2+x3)
d*y(x ; y
} o a0y ye=0 yw=0  y@=0 y(=0
Sazaaxazaxaszsi .
TF)=w _ w
After integrate four times, y()=c+Cx+cx* +¢,C —— =X’

W
"(x) = 2C, + 6C, X + —— X°

a2, W s
y(0)=0 ,y(0)=c, ¢ =0 =Gl ot
y"(0)=0 ,y"(0)=2c, 5.Cy=0 (Y ey

" . 12E1 24E]
y'(L)=0 , y"(x)=6c,L——L° = W, W
=— L+ L
2=l 2B 12EI ~  24El
L)=0 . y(l)=cl+clPo- 14 & ~el+clPo- 1*20 w
y(L) b =clrel g T =—oaEr -
_ W 3
2 24El

y(X) =— Wy W e Wy
24EI| 12EI 24EI|

:_z\zllvl)i(l (L3—2Lx2+x3)

Innovative Ship Design - Elasticity 1

-
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Summary : Sign Convention & Equations

yt W sign ‘ A interpretat'ion o e e
V******‘******** convention & NS/ from physical of the right part
solution point of view
< 4 wL N\
I L l"I_T_I_T_I_'I_tT_I_'I_r"I'T_I
at x=0 | gy
W | = :
y4 ﬂ wL 9 ZLT:. _________________ wh
wL- \ 2 /T\
‘ X _2" - \ ‘- '/
HWL wL L
- - w wl
2 2 —_— / A4 ™ \
f(x) atx:% :":'T'\I('tl'/'l"l'l :":":":'T'ZI":':
V.M Y VM M pE2 6 PRV L
GEv
\ /.T_\l /
X
at x=L resultant force
wL / \’til‘ \ of the left part
I FATTI- T~ AT~ T A" =T
WL 2 VV.VVVNVVWVVYVVVVYY
V (X) = — —wx | ! L S
2 1 ! 2 2
0 1( """""""""""
wL /- lW_L W_L Sy
2 N 2/

Innovative Ship Design - Elasticity 1

i

—ap 1 he solution should be interpreted by
g=the sign convention used.

h 22 Seoul
. "'¢ National
e Univ.
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Summary : Sign Convention & Equations

why the bending moment

Y“ W is maximum at x=L/2 ?
2RTTTITITIRITIT NN J0 -5 (13 o1, )
5 24El
[~ L 2
IY0) WX gpy6L)
dy 24El
yt wL
ex)L =10, W Maximum
| X 24E| curvature
{fue wi vy [T
2 2 ax>

f(x) curvature
V.M Vv V +dV,M +dM

e

2 wL since, —£==—3
M (x) = X _ WX g

2 2
‘ moment is maximum at the point with maximum curvature

Innovative Ship Design - Elasticity 1

et _ _ - o
2 T e SR G, Seo SDAL
o~ 4 g = e | } — — . . Y] y National Advanced Ship Desl/éqn Automation Lab. T /87
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2oc=E-¢=» deA —) dM convention
Summary Sign Convention & Equationsl 2
i . K dM= ]
deformation (ref : Gere) B.M. =1/p y € c check yodA dM M = IAdM relation btw V, M, f(x)
Ya o, . M :—IAyadA i f(x)dX/,\ —di/(x)dx—(v +dv)=0
< M + o y - Comp' :*IAV(*%YNA //, -~ \\\ a=—f(x)
V. A | -M+f( (g L% (M +dM)-Vex =0
V) + y —O'YdA M :EIAyZdA Y N ‘¥+(9M,+,M o
N - » , | DPPLa ==V
| P | 4 tension M _d% d4y f00
o — =— - _
' | notmatch! | Lmodified| EI  dx dX
A 02 M =—IAyadA -V -;\j (dx+(V +dV):0
y M + —KY - | tension :*J.Ay(*%y)dA a:—f()
A or M f(x)dx‘.rdy (M +dM)+Vdx=0
- y kAl :ELysz e
X d X A ? ) 3K=V(x)
-| ] =] o M- e19Y __(x)
O = 2 —_ =
! \ not match! | I ImOd'f'edel dx dx*
'k

Innovative Ship Design - Elasticity 1

C;;why we should use the set of direction?

f (x)
V.M { ¥ ,V+dV,|\/| +dM

(!

<

@ Advanced Ship Design Automation Lab. 72/87
http.//asdal.snu.ac.Kr




- . . f
Summary : Sign Convention & Equations o Vo
recall, and compare
casel case2 case3 cased
y4 P:TIT\IA =15Nm v v v Y
=
DAL
L L i
- < 31 7
@
Cftz :iri;;:;:‘ofzis\iml\z?arbitrary given or known: P,M R,
fine : V,M

D F,=R,+P+V  ..R,j+Pj+Vj=0

1t L
€. what is the difference zMzatA:ZxP+Mo+XXV+M
i% between the two problems? L

.'.Z-Pk+M0k+x-Vk+Mk:O

e. can you see any difference in result with the cases
{ﬁzof assumption?

Innovative Ship Design - Elasticity 1

e T

@ Advanced Ship Desl/éqn Automation Lab. 73/87
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Summary : Sign Convention & Equations W v

recall, and compare

ya P=10N

A ‘l,MO:/_lfSQm

Vv
) N
IR, ~ v/
X >| M
L L
< 5ok 5o
given or known: P,M_,R,

fine: V,M
D F,=R,+P+V  ..R,j+Pj+Vj=0

casel case2 case3 case4
Vv Vv
D) AN \
AALPAL

-

€
C)’; is it ok to assume arbitrary
direction for V, M?

9
€. what is the difference z M, sa = >< P+M;+xxV+M

between the two problems? L
Z Pk+ M,k +x-Vk+Mk =0

the direction of two unknowns should be

assumed -> ‘a criteria’ is required v . . .
(i}can you see any difference in result with the cases

of assumption?

‘a criteria’ : the directions which are able
to explain the bending consistently with
the physical law (to make the equation

'!':

@
) ' Why?
solvable’) ﬁ} J

Innovative Ship Design - Elasticity 1

2 Seoul
National Advanced Sh/p Desi fgn Automation Lab, 1487
Uniyv. http.//asdal.snu.ac.




Summary : Sign Convention & Equations

€
L}.; is it ok to assume arbitrary
direction for V, M?

the direction of two unknowns should be
assumed - ‘a criteria’ is required

Innovative Ship Design - Elasticity 1

gy

f (X)
v X
recall,
assume same sign "\ %x | | | P
for both sides “7 ,:_ g
physically, tension for both i, V"
oo,, dx ’ oo, d
[O'XX— o Zjdydz<— @ o—> [o-xx+ gx“ ijdydz
dy
dz
dx
P
l/ (I
I ‘l then, consider the
‘\ 1 direction of coordinates
\ 7
M
oo, dx - oo, dx
F,.=|o,+—>—|dyd2=} o, ——*— |dydz
oxX 2 ~ oxX 2
oo
X dxdydz
OX

e
BhpYy Seoul SDAL
Y] y National Advanced Ship Desl/éqn Automation Lab, 19187
Univ. http.//asdal.snu.ac.Kr



. [ ° ° f (X)
Summary : Sign Convention & Equations Vo —
if we use vector recall,
61 = 70 O. : p 6; = Oy i
I " assume same sign I | I
[ for both sides l
7 /J_ —— e ] = -
T physically, tension for both ik V"
E dx /
_ _ O kel 3 _ 8axx dx .
F:L - (O-xx x 2 )deZ | _—_/ F2 = (O’xx + ox ?j dde | _
_ 00, % L4, oo, dx p q ,
(6)@( x 2 dedZ<— @ @—T> (O‘XX +g;(2)deZ [o-xx — ;);(XX ;)dydz4_ @ o—t> [O_XX n a;(xx dzxjdydz
y Y dy
dz dz
X dx dx
- ———
z I/ y \\
|I ‘l then, consider the
Z Fx :Fl 4+ F2 ‘\\ X ,l direction of coordinates
PPt
do,, dx : oo, dx : oo, dx - oo, dx
=—| o, ——2— |dydzi+| o, + —2%— |dydzi F,=|0,+—=>—|dydz—} o0, —=— |dydz
ox 2 ox 2 oX 2 s ox 2
0 .
= 9% dxdydzi -
OX = —X dxdydz

Innovative Ship Design - Elasticity 1

e T

o
BhpYy Seoul SDAL
Y] y National Advanced Ship Desl/éqn Automation Lab, 16187
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Summary : Sign Convention & Equations

i is it ok to assume arbitrary
direction for V, M?

criteria’ is required

the direction of two unknowns should be assumed - ‘a

equation ‘solvable’)

‘a criteria’ : the directions which are able to explain the
bending consistently with the physical law (to make the

‘a criteria ‘ for this bending

./

We will call this ‘positive’

‘another criteria’ for this bending

VR

We will call this ‘negative’
Innovative Ship Design - Elasticity 1

f

2R

recall and if we u

6]l=—0

XX

assume same sign
for both sides

physically, tension forlBoth

f (x)
v X
se vector
GXX E G)(Xé GL - GXX
/J-------

60‘ dX
F=- dydzi_| /E - o +agxx % dydzi

OX

0 d
(%= deydu_ 8} [ o (022 %o

X 2 XX 2

dy

,--N dz
'I ‘. then con5|der the
‘\ / direction of coordinates

2
=hdxdydz
X

D) F, =F +F,

oo,, dx
dydzi
X 2)y
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Summary : Sign Convention & Equations W v

recall and if we use vector

. i .
— — ] 1 H —
Gl B O-XX Gxx : Gxx GE B O-XX
. = 1>
assume same sign : |
for both sides I B e A
physically, tension forldoth ... pem————

oo, dx .
F = —(o'xx ——x —) dydzi_| i/ F,= (O-xx - 5;7xx d—zxj dydzi

ox 2
the direction of two unknowns should be assumed > ‘a criteria’ is required )
aUxx dx i oo,, dx
‘a criteria’ : the directions which are able to explain the bending consistently (O_xx _axz]dydzh & 1> (O‘XX +—= )dydz
with the physical law (to make the equation ‘solvable’) ox 2
. : : dy
f(x) :given in vector i.e. f(x)=—f(X)] U i
I/ )/ AN dx
\ :
V,,V,,M;,M, :unknown r I then, consider the
\ X ,l direction of coordinates
. \
consider V,=V, M, =M at® sa__." oo, dx). . - oo dx
A . Foo =| O+ - dydt\— 10 ———— |dydz
then, V, =| V +—dx |,M, =| M +—adXx o0,
OX OX =FdXdeZ
: N ). Z =
.V, =V, VZ:—(V +—dxjj F=hH+F
OX oo, dx . oo,, dx .
oM =% o dydzi+| o, + o 0 dydzi
X X
M, =-Mk, M, =| M +—dxjk
OX

Innovative Ship Design - Elasticity 1
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Summary : Sign Convention & Equations

the direction of two unknowns should be assumed = ‘a criteria’ is required

‘a criteria’ : the directions which are able to explain the bending consistently
with the physical law (to make the equation ‘solvable’)

V,,V,,M;,M, :unknown
consider V,=V, M, =M at@®

then, V, =[V +(2dej,M2 (M +6dej
X

f(x) : given in vector
e.g.,f(x)=—f(X)]

OX
V, =Vij, V2=—(V+z—\;dxjj, M, = MK, |v|2=[|v| +aa—'\)/(|dxjk
force equilibrium
Y F =V,+V,+f(x)=0
(Vj)+(—(V+a—dxjj (-f(x)j)=0
oV av
V-V - dx- f(X)jj 0 &_—f()

f (X)
W pX
recall and if we use vector
e i , -
J— 1 3 —
Gl = 0« o, : Gxxg 65 =0y
- <« —
assume same sign _ '
for both sides /"“““ :
physically, tension forlBoth ...~ s

3 _ 0o, dX oo, dx .
= —( o )dydz ' _,_/ E = (O-xx + ;(XX ?J dydzi

oo, d
(O_xx g;( 2X]dydz G @ C—=r—=> (O-xx F ag;(xx dzxjdydz
dy
,__N dz
' \
I 1 then con5|der the
‘\ / direction of coordinates
N’ 80‘ dX d dl 60‘ dX)dydz
2
8
:—Xxdxd dz
OX y
D) F, =F +F,
=—| 0y 00 IX dydzi+| o,, + o I dydzi
oxX 2 2
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. Ci - - f (X)
Summary : Sigh Convention & Equations Vg —
force equilibrium
Y F =V, +V,+f(x)=0
(Vi)+ ( (v +%de j (-1 (0i)=0
1 | dv

(Vl—Vl—adX—f(X)jij ..W:—f(X)
the direction of two unknowns should be assumed > ‘a criteria’ is required e .
‘a criteria’ : the directions which are able to explain the bending consistently *‘moment eqUIIIbrlum
with the physical law (to make the equation 'solvable’) 1
f(x) : given in vector | Vi V2: My, M, tunknown Z M; =M, +M, +dxxV, +dex(f (- dx) -
8.9.,f(X) __ f(X)j consider V,=V, M, =M at@®@

then,sz—[V+%dej M, (M +66de) —Mk+(M +%—I\fdxjk+(dxi) [—(v +2—\;dxjjJ (%dxijx(—f(x)j)z
oM
V,=Vj, V, =—(v +8—dejj, M, =Mk, M, =(|v| +8—dejk ( NSRS e de——(dx) ——f(X)(dX) j
OX OX
oM :
(de de}k 0 ( (dx) ~ O)
~d™M
——=V(X)
~dx

Innovative Ship Design - Elasticity 1
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f(X)

Summary : Sign Convention & Equations Vo
force equilibrium
ZFy=V1+V2+f(X)=O '.'(ii_\)i:_f(x)

(Vlj)+(—(vl+%dxjjJ+(—f(x)j):O

smoment equilibrium

the direction of two unknowns should be assumed = ‘a criteria’ is required

M =M, +M, +dxxV, +=dxx(f(x)-dx)=0
— e - - - - z 1 2 2
a criteria’ : the directions which are able to explain the bending consistently 2
with the physical law (to make the equation ‘solvable’)

—Mk+(M
f(x) : given in vector

V,,V,,M;,M, :unknown

+%dx)k+(dxi) —(V +ﬂdxjj +
OX OX

%dxi}x(—f(x)j)zo

. - iderV,=V, M, =M at® dM
eg.f)=—f(xj |~ V(X
then,sz[V+anxj,M2=(M+mdxj dx ( )
oX oX
V, =Vi, V, = v+ ax]j, M, =Mk, M, =[ M+ M ax |
OX OX
dy 1 dM 1
srecall, P e o V(x) :
2 2 2 e dy
d’y d2y d’y M 7 LEl=—=2=—f(x)
M = El — .M =El — = A dx
X X dx El d_?‘/:i d_V:_i.f(x)
dx El dx El

the equation is derived with a
‘positive’ direction convention

=)
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- . . ¢
Summary : Sign Convention & Equations v Vo X
relationships between loads, shear forces, and bending moments
f(x) f(x)
V,M y VW \/V+dVaM +dM V,M " VV‘l'dV,M—i-dM
" T 1l
7
CT 1 ) ithe direction is reasonable? C
X X

Shear force

- - A A A

gt sl

A 1ia>f

/

/\/ +dVv

\
\
\
é
\

\

Innovative Ship Design - Elasticity 1

o . s EPWEEN DD P

ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006, p300~306
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Summary : Sign Convention & Equations

f(X)

relationships between loads, shear forces, and bending moments

V.M

T

Innovati

—

f(x) f(x)
L] v +dv. M+ dm V.M gy HdV.M+dM
s
1 ithe direction is reasonable?
X X
resultant force of
y N f the right part
| Y
e ax [ 2
R, ST 33N LN
y MW
A f
e \ ’
: &> X
RA\/: V

ve Ship Design - Elasticity 1

ref : Gere J.M., Mechanics of Materials, 6th e

dition, Thomson, 2006, p300~306
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E2oc=E-¢» deA—>d|\/|

Summary : Sign Convention & Equations

ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006

convention

Derived

deformation (ref : Gere) B.M. =1Klp y € c check ;jc'\g; dM M :I dM relation btw V, M, f(x)
A
Ya M =—[ yodA . , — F(x)dx—(V +dV ) =
o, <:_:> N b 0N
= xy| v Eom SLLSCgN va_
v M + o comp. Ly( py) \\ ™ f(x)
V) _O-ydA M :EJ’ y? x/HDM +,d)vr -M + f x)dx»&+(M +dM)-Vdx=0
+ y p 8 ;| ’/, dM “\ (x)

x| " 2 3 e

| # |+ |tension M d El d'y £(x)
o, L= =

| _not match! | modified £l dx dx

'!':

iWhat is the difference comparing with other books?

SIME HA, X 295t 2002 225 (Timoshenko S., Young D.H., Elements of strength of materials, 5" edition, Van Nostrand, 1968
K dM= _ .
B.M. “1/p y € o check yodA dm M = .[AdM relation btw V, M, f(x)
ref : QAHH oF; d?y M V= 100 (V )0
- aM Ky - X =Nt
) <:;__‘> - - | comp. 2 El RANY W /\ dx
or @ R S~ M—(M +dM)+Vd><—f_(g()d*A‘%' x=0
- O-ydA /, \ dM ‘
) | F y d2y ~M Y My viav) Mo | =g )
~
y o, + - | tension dx? El - El d y f
y I dX 4 (X)
v | match = dx
all sign convention is same modify considering the curvature
except y-axis in opposite direction
Innovative Ship Design - Elasticity 1
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E2oc=E-¢» deA—>d|\/|

Summary : Sign Convention & Equations

convention

Derived

ref : Gere J.M., Mechanics of Materials, 6th edition, Thomson, 2006
deformation (ref : Gere) B.M. =1Klp y € c check ;jc'\g; dM M :j dM relation btw V, M, f(x)
A
Ya M =—[ yodA , — F(x)dx—(V +dV ) =
62 = _ E H f(x)dx’/ AN
- M <:::> + KY| _ comp. =—IAy(—;V)dA -~ \\ Z—Z:—f(x)
or \
E —Mfdr&MdM ~Vdx=0
V) + y ~oydA|M = [y XMDM;W 1000 (M + oM ) Vo
X | 4 —L 1Y >~ ddiMi\ ()
2 - X
| # |+ |tension M d El d“y £(x)
o, = —— —
modifi 4
| not match! | L'LI?QEl dx dx
Sl AN HA, M &8t 2002 &2 5 (Timoshenko S., Young D.H., Elements of strength of materials, 5 edition, Van Nostrand, 1968
B.M. =1Klp y 3 o check ;jc'\g; dMm M = JAdM relation btw V, M, f(x)
ref : QIAFE O, dZy M -V + f(x)dx+(V +dV)=0
: S M Ky :@7 ”~ Ddl:_f(x)
< 3 - f dX 7’ d
X <'—‘:> = comp. dX2 El b fx N X .
or \\ M—(M +dM)+Vcl><—‘f_(g<)d-><'-‘E X =0
GydA i d ‘
V) dj::E - Y xlﬂg Mz d’\>/<| =ve)
y y o, + P - | tension dX CD £l d4y 3 f(X)
v { match dx*

all sign convention is same

except y-axis in opposite direction

‘!':

Innovatlve Shlp De5|gn Elasticity

1

modify considering the curvature

iWhat is different with the solution when the direction of y axis is reversed?
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National @ Advanced Ship Desjgn Automation Lab.
Univ. http.//asdal.snu.ac.Kr

85/87




° ° (0)=0 y(L):O
Simple Integration =0 y(=C
f

(x)

V,M Wby WAV, M +dM f (x)
Positive Bending Moment Positive Bending Moment VM Yy wY HdV. M +dM
T 1 Positive Curvature Negative Curvature y
d4 X d4 X T 1
N g1 YWy, g1 YW _y,
dx dx
f(x)=w
y (x)
"0
WX
X) = L —2Lx* +x°
y(x) 24E] ( +X7)
5wL*
/NMEI
WX
Y0) == agr 72+ \-/_Swu
384EI ] .
M (x) = — X WX
2 2 2
e
wLx  wx’ 8
I Nl S
5 5 /"\ :
wL
2
V(X)=W7L—WX O| |
_wk
2
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° ° (O)=O y(L):O
Simple Integration =0 y(=C
f

(x)

f(x)
V,M Wby WAV, M +dM
Positive Bending Moment Positive Bending Moment VM Wyl WY AV, M +dM
T 1 Positive Curvature Negative Curvature y
i d“y(x T 1
N £l yg):_W £l yg):W
dx dx

f(x)=w
y (x)
=4

The solution is correct to the physical phenomenon as
long as it is interpreted by the sign convention used.

W, . . _ WX s 2, .3
'(X) =—— (L' -6Lx"+4 X) = L*—2Lx"+Xx
Y00 =gy (B8 +ax) Y0 =oe( )
w 4
y'(x) = (-12Lx +12x%) swL
24El 384El
WX g 2 s \/ —w 2 /—I—\
y(x)_—24EI (L' —2Lx" +x7) 5wl == (—Lx+x)
384El Since ‘Negative Curvature’ should be .
with ‘Positive Bending Moment’ M (x) __WwLx L WX
w2 2 2
wb -
wlx  wx? 8 wl?
M(X):‘z 2 /\ match | /_8\ \_l/_w_l_z
8
correction
wL
7| wi
wL 2
V(X) =——Wx
b 2 0 | match | |
wL 0
-2 |_W_L
2
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