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Chapter 7. Grillage
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Grillage

= Grillage* (Grid Structure) : A structure that has loads applied perpendicular to its plane.
The elements are assumed to be rigidly connected at the joints. The floor system shown in

the figure is an example of a very common grillage. y
<example of grillage : typical floor system> Il
F] f-j
M gxl
X
M 711 921
Z node
fyl : 5y1

. As in the case of the beam element, we assume that axial deformation is neglected.
However, in addition to bending about the horizontal axis of the cross section, the elements
will also resist the loads by twisting about the axis of the element, thus developing torsional
moments. Therefore, at each joint we will have a vertical displacement, a rotation about the
horizontal axis of the cross section due to bending, and a rotation about the axis of the
element due to torsion. There are three degrees of freedom at each node.
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Grillage : Stiffness Equations

step1. Coordinate System
y
X
Z
step2. Variables at each nodes

y
X
Z
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Grillage : Stiffness Equations

Step3. Stiffness Equations
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Grillage : Stiffness Equations

= transformation matrix between pg and xy coordinate system

y

rotation transformation along with y axis

[T]=

[ cos®

0
—sin@
0

0
1
0
0
0
0

sing
0
cosé
0
0
0
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0 1
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N @[O0 ] =[TI5,

le cosd 0 sind 0 0O O 0.,
S 0o 1 0 0 0 0 |&,
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—— 0,, 0 0 O cos¢ 0 sinéd| o,
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Grillage : Stiffness Equations

X
= Stiffness Equations 7
O [ fq] =K, 1[I,] [T T, 1=[K,I[TI[S,]
multiply [T]™" =[T]
@[T, ]1=[TI[T, 1| [®[0,]=[TI[S,]
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Ex.) Grillage y [ nodes
X ;;> Z

22kN
ex.) Find displacements and reaction force at each , /'éie%nenﬂ l ] ne1lement2
nodes of frame in the following figure. 3m \

node 1

Step1. Input Data
= constants ( 6, =0 , 6, =270°)

element( Ccoso sin & length | moment of inertia YOUIgg,I S shear modulus DO|ar_m0|":I:|ent ol
(m) (m) moiauius (KN/m2) inerua
(kN/m2) (m?)
1 1 0 3 ] i
. . ~ - I=16.6X10°5 E=210X108 G=84x10° J=4.6X10°5
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Ex.) Grillage

Step2. Stiffness Equation

[Fo. 1=K, Il

= glement 1
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0
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(& o & 0
Ex.) Grillage S LA A
R
Step2. Stiffness Equation o -BE 2EL S
[nyz] - [KWZ][5xyz] - [T] [K pqr][T] [é‘xyz]
= element 2
[ cosd 0 sing 0 0 0] [0o0 -100 O] [ 0.128 0 0 —-0.128 0 0 |
0 1 0 0 0O O 01 0 00 O 0 155 232 0 -155 232
—sin@ 0 cosé 0 0 O 10 0 00 O . 0 232 4.65 0 -232 233
(7] = e K or|=10% x
0 0 O cosd 0 siné 00 0 00 -1 b -0.128 0 0 0.128 0 0
0 0 O 0 1 0 00 0 01 O 0 -155 -2.32 0 155 -232
0 0 0 -sin@ 0 cos@| |00 0 1 0 O 0 232 233 0 -232 465
-[nyz] [T] [K pqr][T] [5xyz] € = (84x10°)- (4.6x10™) =0.128x10*
L g
‘M, | [ 465 232 0 232 -232 0 |[6,,]] [4E! _4 (210x10°)16.6x10°) _, o .o
f, 232 155 0 232 -155 0 |5, - 3
6El  6-(210x10°)(16.6x107°) s
M, . 0 0 0128 O 0 -0.128(6, 7= 3 =2.32x10
=10" x
M 232 232 0 465 -232 0 || 04| |12E _12-(210x10°)166x10°) ¢ o
flq -232 -155 0 -232 155 0 |5, L 3
M, 0 0 -0128 O 0 0128 || 6, |
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Ex.) Grillage y [ nodes

X
""" % L/
Step3. Find Displacements . 22kN
et 'z ¢ 1 element 2
- , ‘elemen 3m
= known/unknown displacements 3m \
v known : 0,1,0y1,8,1 6,3, 0,3 6,5(=0) ode 1 node 2

v unknown : 6,,,0,,, 6,,

= known/unknown forces

v known : M,,(=0), f,,(=-22kN), M,,(=0)

v unknown : M,y, f,1, My, Mg, fi3, My,
™M, [0128 0 0 -0128 0 0 |[6,]
fyl 0 155 232 0 -155 232 é'yl
M., 10 0 232 4.65 0 -2.32 233 |6,
M, 0128 0 o0 0128 0o o0 [fa,
fyz 0 -1.55 -2.32 0 155 -232 5y2
M) | O 232 233 0 -2.32 4.65 |04,
M,, [ 465 2.32 0 232 -2.32 0 0.,
fy2 232 155 0 232 -1.55 0 5y2
M, _10°x 0 0 0.128 0 0 -0.128 || 4.,
M,, 232 232 0 465 -2.32 0 0.,
fy3 -2.32 -1.55 0 -2.32 155 0 Oy
My, | 0 0 0128 0 0 01286,
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Ex.) Grillage y [ nodes

S
Step3. Find Displacements 22kN Z
= known/unknown displacements | clement 1 l S ement2
3m
v known : ex1’6y1,ez1 ,ex3’ 6y3, 623(=0) \
v" unknown : 8,,,8,,, 6, node 1 node 2
= known/unknown forces
v known : M,,(=0), f,(=-22kN), M,,(=0)
v unknown : M,,, fo1, My, Mys, i3, Mg
M, ] 10128 0 0 -0.128 0 0 0 0 0 1[6,]
fy 0 1.55 232 0 -1.55 2.32 0 0 0 Oy
M, 0 232 465 0 —2.32 2.33 0 0 0 | 6,
™| -0.128 0 0 [0.128+4.65  2.32 0 232 232 0 ||e,
f,s =10*x|| 0 -1.55 -2.32 2.32 1.55+1.55 —2.32 2.32 -1.55 0 Oy
M,, 0 232 2.33 0 —2.32 4.65+0.128 0 0 —0.128|(6,,
™M, 0 0 0 2.32 2.32 0 465 232 0 |6,
f,s 0 0 0 —2.32 -1.55 0 -2.32 1.55 0 Oy
M, | 0 0 0 0 0 -0.128 0 0 01286, |

-Chapter 7. Grillage
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Ex.) Grillage W |nodes
S
Step3. Find Displacements lZZKN Z
2 l 2
= known/unknown displacements ~” element 1 3:1€ment
3m
v known : 6,4,0,4,0,; 6,3, 0,3 6,3(=0) \
node 1 node 2

v unknown : 6,,,0,,, 6,,

= known/unknown forces

M,, =0 4778 232 0 6,
v known : M,,(=0), f,,(=-22kN), M,,(=0) f,=—22kN |=10*x| 232 310 -2.32| 4,
v unknown : My, f,1, My, Mys, fi3, Myg M, =0 0 -232 4.778]| 6,
given find
T M, 10128 O 0 0.128 0 0 0 0 M6,
fog 0 155 232 0 -1.55 2.32 0 0
M 0 232 4.65 0 —2.32 2.33 0 0
—0.128 0 0 ]0.128+4.65 2.32 0 232 -2.32
f,, =—22kN =10°x| 0 -1.55 -2.32 2.32 LBERILEE —2.32 232 -1.55
0 232 233 0 —2.32 4.65+0.128 0 0
0 0 0 2.32 2.32 0 465 -2.32
0 0 0 —2.32 -1.55 0 -2.32 1.55
i 0 0 0 0 0 —0.128 0 0
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Ex.) Grillage 6,-5,-0,-0

_____ Q /g

. . 22kN
Step3. Find Displacements \ 2 element 2
element 1 3im
= known/unknown displacements 3m \
v known : 6,4,0,4,6,; 6,3, 0,3 6,3(=0) rode 1 node 2
v unknown : 6,,,0,,, 6,,
= known/unknown forces M,, =0 4rrg 232 0 116,
f,, =—22kN =10"x| 2.32 310 -2.32 Oy
v known : M,,(=0), f,,(=-22kN), M,,(=0) M. 0 0 23 4778l
2 ' ' 22
v unknown : M,,, f., M,;, M5, f3, M
A  [4778 232 0 o7 [0.126x10%rad
|9 |=qgr| 232 310 -232) \-22)= —0.259x107%cm
0, 0 -232 4778 0 ~0.126x10*rad
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Ex.) Grillage 6,-5,-0,-0

_____ 9

o 22kN <
Step3. Find Displacements 7 element 2
element 1 3im
= known/unknown displacements 3m \
v known : 6,4,0,4,6,; 6,3, 0,3 6,3(=0) rode 1 node 2
v unknown : 6,,,0,,, 6,,
= known/unknown forces
v known : M,,(=0), f,,(=-22kN), M,,(=0)
v unknown : Myq, fiq, My, M3, fi3, Mg
find given
M, ] (0128 0 0 -0.128 0 0 0 0 0 ] 6,,=0 ]
f,, 0 155 232 0 -1.55 2.32 0 0 0 5,=0
M, 0 232 465 0 -2.32 2.33 0 0 0 6,,=0
M, = -0.128 0 0 0128+4.65 232 0 232 -232 0 | 6,=0126x10"rad
f,,=—22kN |=10"x| 0  -155 -2.32 232  155+155  -2.32 232 -155 0 |/ 5,,=-0.259x10%cm
M,, = 0 232 233 0 -232  4.65+0.128 0 0 -0.128]6,,=-0.126x10"rad
M, 0 0 0 2.32 2.32 0 465 -232 0 0,5 =0
flo 0 0 0 -2.32 ~1.55 0 -232 155 0 8,3 =0
M, | 0 0 0 0 0 -0.128 0 0 0128 || 0,,=0 )
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Ex.) Grillage

Step4. Find Reaction Forces

superposition of reaction forces of each elements

= reaction forces for element 1

Mxl

f
M
M.

f

M22

11=10% x

[ 0.128
0
0
-0.128
0
0

0
1.55
2.32

0

—1.55
2.32

0
2.32
4.65

0

-2.32
2.33

= reaction forces for element 2

MX2

y2

22

y3

< -~ < Z -

z3

=10* x

[ 4.65
2.32
0
2.32
—2.32
0

2.32
1.55
0
2.32
—-1.55
0

0
0
0.128
0
0
—-0.128

—-0.128
0
0
0.128
0
0

2.32
2.32
0
4.65
—2.32
0

0
—-1.55
—2.32

0

1.55
—2.32

-2.32
—-1.55
0
—2.32
1.55
0
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E
""" -2
) 22kN
l Z ‘1 element 2
elemen 3m
3m \
node 1 node 2
0 I 0 1 [-1.65kN-m]
2.32 0 11kN
2.33 0 B 31kN -m
0 0.126x10%rad | | 1.65kN-m
—2.32 || —=0.259x102¢cm —11kN
4.65 - 0.126x10°2 rad_ i 1.65kN -m |
0 [ 0.126x10%rad | [-1.65kN-m]
0 —0.259x10%cm —11kN
—0.128 || -0.126x10“rad | | —1.65kN-m
0 0 | —31kN-m
0 0 11kN
0.128 1L 0 1 L 1.65kN - m )
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Ex.) Grillage

total reaction forces

= reaction forces for element 1
‘M| [-1.65kN-m] = total reaction forces
o 11kN y
le _ 31kN -m Mxl —1.65kN-m node 3 31kN'm
M, 1.65kN - m fe 11kN X ’)
f,) —11kN M. 31kN-m 1 65k
M,, 1.65kN - m M,, 0 22kN
f, |=| —22kN 31kN'm .-~ element %
y o 1kN
= reaction forces for element 2 M, 0 ( [\v element 1
"M, | [-L165kN-m M, | | —31kN-m [WN'm
y2 —11kN fy3 11kN node 1 node 2
M,, —1.65kN - m M, | | 1L.65kN-m | 11kN
M| | —31kN-m
fs 11kN
M, | [ 1.65KN-m |
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Grillage : New Global Coordinate System

= New Global Coordinate System : the left-handed orientation

= stiffness equation in the previous global coordinate system

Y. the previous global coordinate system C GJ 0 0 GJ 0 0 T
L L
M, o 1281 6Bl 12El 6El |rg ]
X L3 L2 L3 L2
f o
> n o BBl 4B BEl 2Bl ||
le _ |_2 L |_2 L 621
JA M. _GJ 0 0 GJ 0 0 0.
f L L 5
y2 12ElI 6El 12El 6El y2
M 0 - - 0 - 0, |
L 22 | L3 L2 L3 LZ | Y22
l rotation along wit x axis by -90° o 6Bl 2Bl ., _G6El 4El
L L* L L* L |
z = rotation matrix along wit x axis by -90°
Y _ L _
1 0 0 0 0 0 1 0 0 00 O
0 cos(-90) sin(-90) 0 0 0 00 -100 0
0 —sin(-90) cos(-90) 0 0 0 (|01 000 O
X 0 0 0o 1 0 0 | |00 0 100
the new global coordinate system 0 0 0 0 cos(-90) sin(-90)| [0 0 O O O -1
0 0 0 0 -sin(-90) cos(-90)] |0 0 0 0 1 O |
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Grillage : New Global Coordinate System

» multiply the rotation matrix both sides of the stiffness equation -

100 00 0] M,

00 -100 0] f,

01 0 00 0fM,

00 0 10 0|M,

00 0 00 -1f f,

00 0 01 0|M,
y

O O O O O B

o O O, O O

o O o o

o O O O O

R O O O O O

0
6El

L

GJ

6El

& g
L
. 1?EI
. iil
_& 5
L
. _lisl
. iil

_&

0 0
12E1  6El
T
_GEl  2EI
2 L
0 0
12EI 6EI
2 L2
_GEl  4El
2 L
0

2Bl 1rg, T
L

6El || %n
L2 921
0 0x2
41 || %02

L |LOe ]
6El

=
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y
[ )
( ] °
Grlllage . New Global Coordinate System ™
node 1| & = X
~~=—==""_’node 2|
y y Z
- )
X X X NS ,:)
node 2 Sm—-— node 1
5 021 Tt Tttt T !
i Oy Oy, |
7 2 i 5y1 071 |!
Y 5 i 0, _ -0, |
I 71 Yl\\— i 49)(2 sz i
X X 55y2 522 i
5y1_521 0, =—6, i_ezz_ = HYZ :
S . 0 P o, o l
L L _v__,
My, 0 - GEZI —E 0 GEZI —Zﬂ E Oy, i
M L L L L I 5 1
Y1 0 12El 6El 0 12El 6El || ~Zt |
f21 _ L3 L2 - L3 L2 E 0Y1 i
sz _E 0 0 E 0 0 : gxz |
L L : :
My, 0 6El 2El 0 6El 4E]| | Oz !
R 2 L N Sl 7|
0 12El 6El 0 12El 5 6El
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Grillage : New Global Coordinate System

GJ

0 i-—: 0 & 0
AEI 6El 3 2EI
0 T de
L L2 = LA
6EI 12E1 31 6EI ((T:
C it E T g
o 8t o i oo |
2El 6EI i AEI((T:
- 0 — o8 ==
L L o8 L [&
6EI 12E1 i 6El |
BCE IR O el
o S 0
L
6EI 2EI : GEI
- 0 :—: —
L L L
12E] 6El : 12El
E 0 iz i
o S 0
_6El AEl @ GEI
K L 2
12El 6EI : 12EI
=i
L

Sl ) o -8 0
L L
My, 0 —E — GEZI 0 —Zﬂ GEZI Ox1
M L L L L _9
Y1 0 6El 12El 6EI  12El Y1
fZl L2 L3 LZ L3 521
M. -—%% 0 0 %%- 0 0 || Px
M —
Y2 0 2El 6El 0 4El 6El O
 feo | L & T
6El 12El 6ElI  12El
T T
= stiffness equation in the new global coordinate system
O T BT
M, 481 _6EI 2Bl 6EL g 7
M L L L L 0
vi 0 - 6ElI  12El _6El  12EI Y1
fZl L2 L3 L2 L3 521
My 0 2El 6El 4El 6El O
L T2 T L |
6El 12El 6El 12El
AT IS
@ ﬁg;%% jl;/ﬁuDa%s kgn Automation Lab. 22/65




Grillage Analysis : Midship Cargo Hold

= Background

to determine the distribution of deflection and stress

FEM Approach Grillage Analysis Approach

- Could calculate the accurate - Could estimate the overall deflection and stress
deflection and stress distribution distribution comparatively in a short time and
even the design is not over
but
-Time Consuming for Model - A simplified and practical approach

Preparation

- Analysis Model may not be available
before the design completed

2009 FaII (OCW Computer Aided Ship De5|qn Part 3. Grlllae 07-Griilage AnaIVS|s of MIdShID Caro Hold
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Midship Cargo Hold Analysis

= Analysis Region : 2 Holds ( 2 Hold + 1 Hold + %2 Hold)
@ 1 Hold : Analysis is not correct because of the boundary condition
@ All Holds : It takes much time to preparing the analysis model
® 2 Holds : Comparatively correct considering the time for model preparation

ol e, SRS T e . .
T VLCC (Very Large Crude oil Carrier)
'5 "3"3 - .-
ﬂ“ N -
- TSR <N [, Structural Analysis Result ( MSC.Patran)

Equivalent Stress & Deformed Shape( (LC1)

fe
Equi £ eformed Shape (LC4)

s PNCDAL
@ National Advanced Ship Desl/;gn Automation Lab, 24165
T

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



Stress acting on a Ship

= Stress and Deflection Components
The structural response of the hull girder and the associated members can be subdivided into three components

* Primary response is the response of the entire
hull, when the ship bends as a beam under the
longitudinal distribution of load.

 Secondary response relates to the global bending of
stiffened panels (for single hull ship) or to the
behavior of double bottom, double sides, etc., for
double hull ships

(b) SECONDARY

\
» Tertiary response describes the out-of-plane deflection = X
and associated stress of an individual unstiffened plate s

panel included between 2 longitudinals and 2 transverse i aBbEE :
web frames. : 1 R

-
-
-

(c) TERTIARY

20009 Fall,, (OCW) Computer Aided Ship Desian_Part 3. Grillage 07-Griilage Analvsis of Midship Cargo Hold
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Local Strength & Allowable Stresses

The sum of &\ ,girudinar » Cgirder + Ciocar IS NOt t0 €XCEE 245 1 N/Mm2

( Deck \
e e = = = =
T T | |
1S =~
Bottom
cYLongitudinaI cSgirder Glocal Oetc
. Max. 190 f;
- 7 Max. 225 f;
“J
() SECONDARY ~ \_ Max. 245 f; )

Loads and Stresses
1) Hogging or Sagging
v

01 = OLongitudinal

2) Cargo Load

v

Ggirder

(c) TERTIARY

O, =

3) Ballasting Load

v
0-3 = c5|0(’;a| '\V\V[\V\V \y\l"

S U —

BHD HD
Tr sv se
Seoul
— N af' onal Advanced Sh/p Desit kgn Automation Lab. 26/66
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Primary Stress (o,) and Longitudinal Strength of a Ship

= Longitudinal Stress Analysis

yA

y

Buoyancy £

Load

Shear Force

Bending Moment

2009 Fall (OCW)}C‘omuter Al

—>
x  shear Force = [(Load) dx

Beam Theory

Load= Weight + Buoyancy

I
I

Bending Moment = [(Shear Force) dx

W : Load

Shear Force:
V =-— _[ wdx

Bending Moment:

M:dex

J

M

o, = max_ (Section Modulus Z =

Z

J

o, <175f N/mm?

f, : Material constant
M max .
ex) mild Steel : f,=1.0

nalysis of Midship Caro Hold

7 s Seoul
o %ﬁ\ Nat jonal
; e

o (D 50

!
y

)

Primary Stress

= —
o =0;

Advanced Ship Desic kgn Automation Lab. 27/65
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Applying Beam Theory on a Ship

1 '_\\ 1
AZ W L ,
l vyVYY VL VVYVYVYVVVYVY 471\7 !
¢¢¢¢¢¢¢¢¢¢¢¢¢¢r - f A A A 4 4] A T+ |
» X : &i I
| AP P!
J | () i
& " . #ﬁwm  adt e
A i E y

oz

V (X) I

A : B I :

V (X) : i i
IA ] M) 4

[

v
X

@ idealize
V.

X

yé

<

~—~

>

—
— ———

X

—h
T ~
) X
N——

Assume : small deflection at the ends of the ship and imaginary and imaginary

Deflection exist at the end point* supports at the AP and FP

20009 Fall,, (OCW)aC‘omuter Aided Ship Desian,_Part 3. Grillage 07-Griilage Analysis of Midship Cargo Hold
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Grillage Analysis and Secondary Stress (o,)

(b) SECONDARY

For a stiffened panel, there is the stress (02) and deflection of

the global bending of the orthotropic stiffened panels,

for example, the panel of bottom structure contained between
two adjacent transverse bulkheads. The stiffener . Grillage Analysis . an analysis approach
and the attached plating bend under the lateral load and

which models the cross-stiffened panel as
the plate develops additional plane stresses since the

plate acts as a flange with the stiffeners. In longitudinally a system of discrete intersecting beams,
framed ships there is also a second type of secondary each beam being Composed of stiffener
stresses which corresponds to the bending under the hydrostatic

pressure of the longitudinals between transverse and associated effective plating

frames (web frames). For transversally framed

panels, this stress may also exist and would correspond to the . Ob] ect : to determine the distribution of

bending of the equally spaced frames between two stiff deflection and stress over the [ength and
longitudinal girder*® . . . c
width dimensions of the stiffened panel

Seoul
@ National @ Advanced Shlp Desi ign Automation Lab. 29/65
=, Univ. http://asdal.snu.ac.

2009 Fall, (OCW) Computer Aided Ship Desian,Part 3. Grillage 07-Griilage Analvsis of Midship Cargo Hold




Grillage Analysis : Midship Cargo Hold

Grillage Analysis

1. Grillage Model

2. Element Properties

3. Loading

4, Boundary Conditions

5. Solution

-

/

1 Hold

2 Hold

Seoul S D A L

National Advanced Ship Design Automation Lab. 30/65
Univ. http://asdal.snu.ac.kr



1. Grillage Model

Grillage Analysis : Midship Cargo Hold

Step1. Grillage Model

//® 75 ///
/ /@

/ @@/ @//6

%2 Hold

1 Hold

@ Side Shell
@ Side Longitudinal Bulkhead

z I ® ® Center Girder + Longitudinal Bulkhead
X
y @ Transverse Bulkhead
o oo
@ Transverse Floor

Seoul
@Na{iana’@sdDédlEhpo esign Automation Lab. 31/65
Univ. http://asdal.
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Grillage Analysis : Midship Cargo Hold

Step2. Properties for the Elements

1. Grillage Model

2. Element Properties

S~

/@ / NOMENCLATURE
// DT— Depth of Tank

|®— Vertical Moment of Inertia of Full Midship Section
| - Spacing of Transverse Bulkheads

t;— Thickness of Bottom Shell

®
t,- Thickness of Deck Plating
(See Icealzation) CONSTANT () INERTIA ()

1.Center Longi. Bulkhead ox g 0.11x1g

2. Longitudinal Bulkhead ox g 0.22x |

3. Side Shell 5x 1y 0.17x 1

4. Bottom Transv. floor 105 | & element 9] Inertia

5.0il-tight Bulkhead |-D,” - (ty +1,)/4 Notlessthan  0.3x |
X s (O 2z e vomarn . 3216




1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

Step2. Element Properties

| : Moment of Inertia
J : Polar Moment of Inertia

transverse floor ———  |-type element
% Hold
- _bh® _ (b-t)(h—2d)’ )
12 12 l_‘__
!
2o’ (h-2d)t° 7 ot
‘12 12 I

2009 FaII (OCW Computer Aided Ship De5|qn Part 3. Grlllae 07-Griilage Ana|v5|s of Midship Caro Hold
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1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

Vertical moment of inertia of the midship Section | is calculated by using the midship
section modulus

<ex. given section modulus (cm3)>

Rule Requirement | Design

Deck 18,274,500 22,036,400
Bottom 18,274,500 26,933,300
sol.) D Vg T Yo = Depth
ry ls
Z ec ::> y ec
ydeck e ydeck e Z deck
I I
v N/A ® Zyn=—" —> Yo = —
y 4 btm thm
btm I I Depth x (Z o Z1i)
Y @ ® + ® — Depth ::> — ecl tm
Zdeck thm ? Zdeck + thm

‘2009 Fall,, (OCW),omuter Aided Sth De5|qn Part 3. Grillage 07-Griilage Ana|v5|s of MIdShID Caro HoId
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Grillage Analysis :

Step3. Loading

1. Cargo Load

Midship Cargo Hold

i‘
;
/’ffffffﬂfffffff "'

1. Grillage Model

2. Element Properties

3. Loading

% Hold

1 Hold

Crude 0Oil

% Hold

W [

Seoul
Nt /@Ad cedShpD kgnAtmataan 35/65
htty // sdal.sn




1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

3. Loading

Step3. Loading

1. Cargo Load

A y Y
2 Hold
s Cr il
’ \ 4

/ o 7
Crude Oil /
/,fffx;fxx;ffffffff 1 Hold

//// G e l 2 Hold

% Hold

Seoul
@Nt /@Ad cedShpD kgnAtmataan 36/65
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1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

3. Loading
Step3. Loading

1. Cargo Load @
% E .:f' - -
: | % Hold
Crude 0Oil
A\ 4 .

1 Hold

Crude 01 l /
,f;fx,m;fffffxff __________

///////// _______ l 2 Hold

.... o o " 1 Hold Y

% Hold

Z v
y X

* the sea water pressure is applied from under the bottom in the same way.

2009 FaII (OCW) Computer Aided Sth De5|qn Part 3. Grlllae 07-Griilage Analysis of MIdShID Caro HoId
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1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

Step3. Loading
2. Moment : caused by water pressure and cargo < Elevation View>

Load 2 Hold 1 Hold %) HoldI

3. Loading

A

Crude

Y oil
/

N
l¢+

m
IIT

@
—

N

Z 7
X

< Section View>

e THE A& W
M = (Total Force) x (Distance to the center) _ Crude Oil Crude O v
[ & > =
1 1 A
= (SxpgTxT)x(ST) b S
4—
N = £ | LE
6 —> 1 {9) (@ \
—ly Y
pgT

2009 tail, (OLW) Computer Aded Ship Desian gait _onilage bzgrilage Analysis Of Midship Largo Hgld
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1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

3. Loading

Step4. Boundary Conditions

. 4. Boundary Conditions
@ Side Shell

@ Side Longitudinal Bulkhead
® Center Girder + Longitudinal Bulkhead
@ Transverse Bulkhead

® Transverse Floor

(1) Transversal Symmetry : 4, =0 at Center Girder since only half-width is considered:

(2) Constraint : 6, =0 at the intersection of Side Shell and T.BHD

(3) Longitudinal Symmetry : 6, =0 at the end point of % Hold | x 6, _ & =0

T dx
age Ana|v5|s of Midship Caro Hold

7 R Seoul
e %:’ ‘&w\ Nat ional Advanced Ship Desi ign Automation Lab, 39/65
| http://asdal.snu.ac.
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1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

Step4. Boundary Conditions 3. Loading
® Side Shell 4. Boundary Conditions
@ Side Longitudinal Bulkhead Grillage
®@ Center Girder + Longitudinal Bulkhead Constraints
@® Transverse Bulkhead S =0
X
® Transverse Floor S =0
y
0,=0
known
Remark : unknown
0, ‘9y 9, (0 or Given)
O | Constraints — |~ |10 |{|M,M,95, | 6, 0, F,
(@ | Longitudinal Symmetry — |0 |~ M,, Qy, FZ (9)(, M y 52
Longitudinal and —_
Transversal Symmetry 0 0 HX, 6’y, FZ MX’ M y’ 52
(@ | Transversal Symmetry O |— |~ || b6 M,F, | M,, 80, 9,
O| No Conditions — |~ |~ [|M M, F 0., 0, 9,

2009 Fall,, (OCV\L),Comuter Aided Ship Desian,_Part 3. Grillage 07-Griilage Analysis of Midshio Cargo Hold

N et (PNSDAL
\ 4 7
%ﬁv‘ @ National Advanced Ship Design Automation Lab. 40/65
= =, Univ. http://asdal.snu.ac.kr

> i en i s HEL = - -




1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

. 3. Loadin
step5. Displacement ing

4. Boundary Conditions

() O Side Shell
® Side Longitudinal Bulkhead 5. Solution

Y2hold

® Center Girder + Longitudinal Bulkhead

@ Transverse Bulkhead

G : Shearing Modulus

E : Modulus of elasticity
® Transverse Floor | : Moment of Inertia

J : Polar Moment of Inertia

<Stiffness Matrix of Grillage> <Coordinates Transformation>
ey T ey T
== 0 0o -2 0 0 ! - . - f \
M ; 4EI 6El OL 2E1  6El Iy cors@ sing- 00 0 0 <Stiffness Equation>
M“ | T T g“ —sin@ coséd O 0 0 O T
wl o 6EI  12EI 6El 12611 %
fa :: o - L2 L o - ENE I 0 [T]= 0 0 1 0 0 O[J\ [ny] Z[T] [qu][T][5xy]
M| |_C 0 % 0 0 |G 0 0 0 cosd sind o_l/ <L
MyZ : : 9y2 — Qi —
] o 2% _6% 0 % 6% |5 | 0 0 0 sin@d cosd O [ny] —[ny][5xy]
|, 6Bl 1B 6El 12EI ! L 0 c 0 0 0 1] | \_
- Y U SN Sl
Ly [K,] 22 equations
superposition

20009 Fall,, (OCW),omuter Aided Ship De5|qn Part 3. Grlllae 07-Griilage Analysis of Midship Caro Hold
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1. Grillage Model

Grillage Analysis : Midship Cargo Hold

2. Element Properties

4 i : 3. Loading
ol D R 72.5K Oil Tanker
e P l B — Principal Dimensions 4. Boundary Conditions
i LOA : 228.50m 5. Solution
P LBP : 219.00m
£l Breadth : 32.24m
- Depth : 20.20m
ﬁ " TYP WEB SECTION I Lot Draft Scar.ltllng: 14.00m
= | L it MEB STACING . 30C B Draft Design :12.20m
v 4 -‘-TR_ L | ; I 5 wa i+ SDOAX) - : ;_.‘
T » “| | Web Frame Space : 3,800mm
| L L “21= | Cargo Tank length : 26,600mm
{ i ~|E | Number of Web between
PN i oy —_— “ | | Transverse Bulkhead : 6
NP s ”I ."'::: orE
‘ @ Side Longitudinal Bulkhead
259 @ Side Shell
\ i s A
As A, 1Q

® Center Girder + Longitudinal Bulkhead

Seoul
@ Nazfi onal @ Advanced Sh/p Desit kgn Automation Lab. 42/65
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Ex.) Grillage Analysis

STIFE QN DEDX TRANS ¢ 350 X 12 FR EXCEY A% BEWN =t

'v'r?:- ':\‘ “

.‘i TANK L§ ~.;_-(.. ;,:.'.-:"v-
]

- v STIFE 0N FLOOR © 200 X 12 #3 CXCEPT AS SHOWN

1. Grillage Model

2. Element Properties

3. Loading

72.5K Oil Tanker

Principal Dimensions 4. Boundary Conditions

LOA : 228.50m 5. Solution

LBP : 219.00m

Breadth : 32.24m

Depth : 20.20m

Draft Scantling : 14.00m
Draft Design :12.20m

Web Frame Space : 3,800mm
Cargo Tank length : 13,300mm
Number of Web between

Transverse Bulkhead : 3

@ Side Longitudinal Bulkhead

@ Side Shell

® Center Girder + Longitudinal Bulkhead

Seoul
National
Univ.

Advanced Sh/p Desic kgn Automation Lab. 43/65
http://asdal.snu.ac.




1. Grillage Model

Ex.) Grillage Analysis

2. Element Properties

3. Loading

Step1. Grillage Model

4. Boundary Conditions

= Analysis Region : 2 Hold + 1 Hold + 2 Hold 5. Solution

Side Shell Side L.BHD Center Girder & L.BHD

/  / /

T.BHD —

Transyv. Floor

Z
y X

Seoul
Nazfi onal @ Advanced Sh/p Desit kgn Automation Lab. 44/65
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1. Grillage Model

Ex.) Grillage Analysis

2. Element Properties

Step2. Element Properties 3. Loading
< Section Modulus(cm?-m) > 4. Boundary Conditions
Rule REQ Design 5. Solution
3= 3
Deck 18,274,500 | 22,036,400 [cm3]= 22.0364 [m?] e
Bottom 18,274,500 | 26,933,300 [cm?]= 26.9333 [m’] D Depth of Tank
o= Depth < (Z 4o Ziim) _ 20.20x (22.3464 x 26.9333) _ 244.824[m"] | ;- Vertical Moment of'Inertia
Lok + Lo 22.3464 + 26.9333 of Full Midship Section
| - Spacing of Transverse
TORSION
BAR TYPE CONSTANT (J) INERTIA (1) Bulkheads

L Center Longi t;- Thickness of Bottom Shell

.Center Longi.
sukhond | Bxlg=122412[m 0-11x1s = 26,93 (m] tp- Thickness of Deck Plating
2. Longitudinal 5x | _ q1022% 1. = 4 |.D.° - (t, +t,)/4

Bulkhead ©=1224.12 [m4] | O. o =53.86 [m] (s +1p

=26.6-18.1-(0.015+0.015)/4

3. Side Shell 5x |, =1224.12[m"] | 0.17 x |, =41.62 [m] ~ 65.36
4. Bottom Transv. 5 [yrad 4
oo 105 [mA] 0.1335 [m¢]
5.0il-tight 1-D;”-(ts +t5)/4 | Notlessthan 0.3x I
Bulkhead - 65.36 [m] =73.45 [m?]

ZOLU rartl,, \U\_VV{ LUITTPDULET ATUCU OTTTY UCSTUTT, P dll O UTIHdyt U/ =UllId ALTAIVSIS UT TVITUSTITY \..CII O 1 TUTU
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1. Grillage Model

Ex.) Grillage Analysis

2. Element Properties

Step3. Loading 3. Loading

Side Shell Side L.BHD Center Girder & L.BHD 4. Boundary Conditions

5. Solution

14.12m
T.BHD AsMN]
26.6 .
«Cargoload 'r _______________
W,, = p,10 x(Cargo Volume) =900x9.81x 26.6x14.12x181 f-=--=---------- G
= 60021422 [N]=60 [MN] ----2-15-’['\-"-'\11---ir _______________
» Nodal Load T.BHD :
(1 at the intersection of L.BHD and Transverse Floor .
0" /14 ~ 4. 3[MN] Side L.BHD ([D : 4.3[|\/|N] Center
@ at the intersection of L.BHD and T.BHD Floor : 2-15[MN]

4.3/2=2.15[MN]

20009 Fall,, (OCW Computer Aided Ship De5|qn Part 3. GriIIe 07-Griilage Ana|v5|s of Midship Cro Hold
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1. Grillage Model

Ex.) Grillage Analysis

2. Element Properties

Step3. Loading 3. Loading

Side Shell Side L.BHD Center Girder & L.BHD 4. Boundary Conditions

/ 5. Solution

e B A A A

4 ;JIIJIIIJJ jJJJfJJJJJJJJJJJIJIIJJJJJJJJJJJ
/}'/I//%ffff})’f})’)’;-‘;-‘///I///;";";";";";")’;";"
.l'.l'.l'.l'.l'.-‘.-‘.f{‘.f;".".".".".l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.-‘.-‘.f!!#.".".".".l'.l'.l'
.-".-"_-".-".-"_-".-".-"J"’,:;:;:,-“_-"_-"_-".-".-"f;"ff;"f;"ff;"ff;"f‘f‘f‘_-"fffff;"f 8 07
Al .-"’.-‘f.r'.r'a'.-'.-'.-'.-'.-’.-’.-’.-’.-’.-’.-’.-’.-’.-’.-’.-'.-‘.-‘.-‘.-‘.r“.r'.r'a'.-' d m

,l";",l",l",l",l",l",l",l",l” T

A
A 4

T.BHD
7.07m

B B A A

R PP PR RPNy

Transv. Floor

A R o A PP LSF

A A A A

T.BHD >

z
X
39.9m

» Load by Water Pressure
B=p..0T x(area of cargo hold bottom)

=1024x9.81x14 % (16.12x 39.9)
=90455490[N]=90.46[MN]

s

T.BHD ——

= Nodal Load | T | T

@ distribute the load depend on the ratio of node width (1 : 8.07 : 7.07) Side Shell  Side L.BHD e ter

@ divide the distributed load by the number of nodes(14).
2009 Fall,, (OCW) Computer Aided Ship Desian_Part 3_Grillage 07-Griilage Analvsis of Midship Cargo Hold
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1. Grillage Model

Ex.) Grillage Analysis

2. Element Properties

Step3. Load = moment by cargo load 3. Loading

Slde Shell Slde L.BHD Center Glrder & L.BHD 4. Boundary Conditions

5. Solution

14.12m T.BHD
/ @4_
T.BHD 1.9m
Crude Oil T /A e ey T T T T T T T T o T
] 3.8m
Transv. Floor :

x 3. 8m< - :

= Moment per Length (D: cargo hold height , d: double bottom helght)3 Y77 N

g DZ(D d) ' '
pml 3 2 ----------------------------

2
—900.9.81. 181 [18'1+2'1j

2 L3 4
=9,484,887[N -m/m] =9.48[MN -m/m]

g -

= Nodal Moment 7.06m 7.06m
Side L.BHD Center

= (moment per length) x3.8=35.08[MN-m] ¢~
= (moment per length)x1.9=17.54[MN -m] ¢

M, = (moment per length)=x7.06 =65.18[MN -m] C

Seoul
@ National @ Advanced Shlp Desi ign Automation Lab. 48/65
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1. Grillage Model

Ex.) Grillage Analysis

2. Element Properties

Step3. Load = moment by water pressure 3. Loading
Side Shell Side L.BHD Center Girder & L.BHD 4. Boundary Conditions
/ 5. Solution
~
(o
Transv. Floor f\v
@ <«—T.BHD
(o
(@
» Moment per Length(T: draft , d: double bottom height) o
® <— T.BHD
_ o (T-d/2f -d/)_ (T-d/)’
_loseag 2 3 _/Oseag 6 /.\
= Nodal Moment f‘\,
_ 3
M, =p..0 AT=d72)" 3 g_g290[MN-m] /) . ! T
6 Side Shell ~ Side L.BHD

2009 FaII (OCW Computer Aided Ship De5|qn Part 3. Grlllae 07-Griilage AnaIVS|s of MIdShID Caro Hold

Seoul
@ Nazfi onal @ Advanced Sh/p Desit kgn Automation Lab. 49/65
Univ. http://asdal.snu.ac.



Ex.) Grillage Analysis

Side Shell

Sjde L.BHD

Center Girder & L.BHD

ransv. Floor

1. Grillage Model

2. Element Properties

3. Loading

4. Boundary Conditions

5. Solution

= known
‘ ‘ o Remark 6,19 |0, (0 or Given) unknown
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Longitudinal and _ 6., 0., F M, M_, &S
Transversal Symmetry 00 X Y ’ X e
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Grillage Analysis Program

Step1. Input : Nodes
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Grillage Analysis Program

Step1. Input : Nodes

/ / / Step2. Link : Between Nodes
Ny
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Grillage Analysis Program

Fixed End Fixed End Step1. Input : Nodes
%

Step2. Link : Between Nodes

,;; //
/ Step3. Input : Boundary Conditions

simple Support simple Support
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Grillage Analysis Program

A Step1. Input : Nodes
L - ;//// Step2. Link : Between Nodes
7 \ /

Step3. Input : Boundary Conditions

Step4. Input : Force and Moment

& Step5. Grillage Analysis
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Grillage Analysis Program

Step1. Input : Nodes

Step2. Link : Between Nodes

Step3. Input : Boundary Conditions
Step4. Input : Force and Moment

Step5. Grillage Analysis

Step6. Nodal Deflection
—>Visualization by B-spline Surface
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Example 1 : Grillage Analysis

File Edit Build View Help
D &= & & a @ | e X « g
MNew Open Save || FRotate Span Scale | Add Node Del Node Boundary Force

X .
DisCannect Build

Réady

UM [SCAL
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Example 1

Grillage Analysis

o 5 = e e X i
MNew Open Save | FRotate Span Scale Add Mode  Del Node  Boundary Force Connect DisConnect Build
Building Result 3
Node | X | Y | 2z | X Moment | Y Moment | Z Force X Theta | Y Theta | Z Delta
0 -120.00 -120.00 0.00 0.00 0.00 375.00 -0.16304 0.16304 0.00000
1 0.00 -120.00 0.00 -0.00 0.00 -250.00 -0.14060 -0.00000 -13.28279
2 120.00 -120.00 0.00 0.00 -0.00 375.00 -0.16304 -0.16304 0.00000 =
— 3 -120.00 0.00 0.00 -0.00 0.00 -250.00 0.00000 0.14060 -13.28279
b—" 4 0.00 0.00 0.00 0.00 0.00 -500.00 0.00000 -0.00000 -24.05192
5 120.00 0.00 0.00 -0.00 0.00 -250.00 -0.00000 -0.14060 -13.28279
=] |6 -120.00 120.00 0.00 -0.00 -0.00 375.00 0.16304 0.16304 0.00000
1 |7 0.00 120.00 0.00 0.00 0.00 -250.00 0.14060 0.00000 -13.28279 o
- 8 120.00 120.00 0.00 -0.00 0.00 375.00 0.16304 -0.16304 0.00000
: Cancel =
Ready NUM [SCRL
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Example 1 : Grillage Analysis

File Edit Build View Help

0 = B [ & Q & o ® N 8 5
MNew Open Save || Rotate Span Scale | Add Mode Del Mode Boundary Force Connect DisConnect Build

Ready - ) B ) [ Nomscl )
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Example 1 : Grillage Analysis

Eile Edh Buld Maw Help
0O = fel & Q Y ® ;4 o @ N
New Open Lae Aatase Zoom Panning  AdaMNode  Del Node  Boundary  Forcs Corrmct hs&ﬁnm
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Into

Node: 6

Node: 8
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Example 1 : Grillage Analysis

' FEM CFX
fie Edit Build View Help
0 = e b 9 & ® x w 3 N 2( 4 ¥
MNow Open Save Rotate Zoom Panréng Add Node  Del Node  Boundary Force Connact DisCornect  Buld o
- . - Node; 12

Feady NiM
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Example 1 : Grillage Analysis

) FEM N
Ede Edit Build Yiew Help

ot

0 =3 lud & Q a ® x @ G N _ (X
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Example 2 : Grillage Analysis

' FEM
Eie Edit Buid View Help
D & a & o L4 o 3 @ @ B C)( 3 ?
New Open Save Rotata Zooim Panning  Add Node Del Node  Boundary Force Connect DisConnect  Build Info
s — > Node: 12
Nodes 14
Beady NUM
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Example 2 : Midship Cargo Hold Grillage Analysis

» FEM ’;'E}g
Eile Edit Buid View Help
. = ‘ : 2 e W e 34 N X @ 9
New Open Save Rotate Spen Scale Add Node Del Node Bounday Force Connect  DisConnect Build Info
Node: @, ge.: 1
Node: ode: 4
Node: 2
Node: 5
’ G
famih
ga: 11
‘ 9
gde: 29
r:uﬁ;/
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Example 2 : Midship Cargo Hold Grillage Analysis

D = o & Q 0 ° = » @ e c)( 7 ?
New Open Save Fotate Span Scale Add Node  Del Node  Bounday Force Connect DisConnect  Build Info

”:‘;"‘Rﬂodc 1

Huilding Hesult

Nede | X | ¥ | Z | X Momeat Y Momen | Z Farce | X Theta | Y Thets | Z Delta ~

0 1330 1602 0.00 46.97 3315 0.19 000000 000000 0.00026

1 13.30 1412 0.00 0.00 50.28 1.51 0.00001 0.00000 0.00031 —

2 -13.30 n.op 0.00 0.00 57.85 1.32 0.00000 p.opooo 0.00082

3 11.40 41612 0.00 0.00 -0.00 0.37 0.00000 0.00001 0.00025

4 11.40 1412 0.00 -0.00 -0.00 3.01 0,00001 0.00001 0.00030

5 11.40 0,00 080 0.38 0.00 2.64 0,00000 0,00002 0.00080

3 760 1612 000 0.00 -0.00 0.37 0.00000 0.00002 0.00020

7 750 1432 000 0.00 -0.00 3m 0.00001 0.00002 0.00024

B -7.60 D.en 0.00 -0.32 -0.00 2.64 0.00000 0.00005 0.00067

g 380 -16.12  0.60 0.00 -0.00 0.37 0.00000 0.00003 0.00011

10 2680 1412 0.00 0.00 0.00 101 000001 0.00003 0.00014

1" 380 000 000 0.21 -0.00 2.64 0.00000 0.00007 0.00043

12 000 1612 0.00 0.00 -0.00 14,75 0.00001 0.00003 0.60000

13 0.00 1402 0.00 -0.00 0.00 0.87 p.oopo1 D.00003 0.00002

14 000  DOD  D.00 -44.3 -0.00 0.49 0.00000 0.00007 0.00016

15 3.80 -16.12 0.00 -0.00 0.00 0.37 o.000m p.00002 -p.o0010

16 380 -14.12 000 -0.00 0.00 -1.29 0.00001 0.00002 -0.80009

17 380 000 0.0 0.04 -0.00 -1.66 0,00000 0.00006 -0.00009

18 760 1602 0,00 0.00 0.00 0.37 0.00001 0.00001 -0.00017

18 760 1412 0.00 0.00 -0.00 1.28 000001 0.00002 -0.00017

:ﬂ TEN nan nnan nis nnan 1 ER n annnn nannna n ""I')ﬂ, b
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Example 2 : Midship Cargo Hold Grillage Analysis

' FEM LTEX
Eile Edit Buid \iew Help
O @ al £ Q i e = @ @ B 3 ?
New Open Save Rotate Span Scale Add Node  Del Node  Boundary Force Connect DisConnect  Build Info
Nod
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