Topics in Ship Structural Design
(Hull Buckling and Ultimate Strength)

Lecture 7 Elastic Buckling of

Stiffened Panels

—
Reference : Ship Structural Design Ch.13
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Reference

Comparison between Buckling and Ultimate Strength of plating
e ————————

*» Plate capacity interactions between biaxial compression
» FEA, Buckling, Ultimate strength, a/b =3, t=13mm
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Comparison between Buckling and Ultimate Strength of plating
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*» Plate capacity interactions between biaxial compression
» FEA, Buckling, Ultimate strength, a/b =3, t=21mm
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Elastic Buckling of Stiffened Panels
Two types of buckling

_

Stiffened panels can buckle in essentially two different ways: overall buckling and
local buckling.

Overall buckling : stiffeners buckles along with the plating

Local buckling :

1) stiffeners buckle prematurely because of inadequate rigidity

2) plate panels buckle between the stiffeners — shedding extra load into stiffeners
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——-{@*— ; I D b
- e 1 Section L Section
| Torsional buckling Plate buckling
I_ Section (tripping) of stiffeners
Overall buckling Local buckling

For most ship panels, the buckling is inelastic. “failure” instead of “buckling”

Nevertheless, elastic buckling analysis gives a good indication of the likely modes of
failure and a foundation for the more complex question of the inelastic buckling and
ultimate strengths of stiffened panels.

pale.
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(d) Lateral—torsional buckling of stiffener

(b) Local buckling of plating between stiffeners

Local buckling

Schematics of various types of stiffed panel buckling

Overall buckling
(a) Overall grillage buckling

(c) Local buckling of stiffener web




Elastic Buckling of Stiffened Panels
General
I e ————————————
= STEP 1: Minimum flexural rigidity of stiffeners to
avoid overall buckling

— The minimum value of yxto ensure stiffener
buckling does not precede plate buckling

vx :. flexural rigidity of stiffener + plating /the flexural rigidity
of the plating

X

Db bt®

El,  12(1-v3)I,

Vx =

= STEP 2 : Calculation of Column Buckling stress |

— Buckling of a column composed of stiffener and plating of
effective breadth

= STEP 3: Calculation of stiffener-tripping stress

— Flexural-torsional buckling of a stiffener with rotational
restraint by plating



Idealization of continuous stiffened panel

PLATE /

STIFFENER / | 1

PLATE //' | |

STIFFENER

Plate-Stiffener (BEAM) Combination model

| | I

e i i

Plate-Stiffener Separation model

Orthotropic plate model
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Elastic Buckling of Stiffened Panels
General

_

= Analytical methods of solving buckling problems include two principal types:
discrete beam : more versatile and accurate, but more computation

orthotropic plate : only when the stiffeners are very closely spaced.

* In this lecture, it is assumed that
v’ the edges of the panel are simply supported
v individual elements of the stiffeners are not subject to instability

= First principle in regard to stiffener

v’ stiffeners should be sufficiently rigid and stable (. stiffener buckling =
overall buckling and the plating is left with almost no lateral rigidity

v Substantial lateral load ship panels must carry requires sufficiently large
stiffness and rigidity.

= |tis best to first perform an elastic buckling analysis because:
v' relatively simple, consisting mostly of explicit formulas
v' for slender panels, it may be one of the governing failure modes
v' it indicates whether an inelastic analysis is required
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13.1 Longitudinally Stiffened Panels — Overall buckling v.s. Plate buckling

Minimum flexural rigidity to avoid overall buckling
I e ——————————

= Some parameters

v' the ratio of the flexural rigidity of the combined section to the flexural

rigidity of the plating El 12(1—v?)l

’*= Db NE

v' the panel aspect ratio

_L_a
B B
v' the area ratio

5 A
bt

VERI
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LD
125
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13.1 Longitudinally Stiffened Panels — Overall buckling v.s. Plate buckling
Minimum flexural rigidity to avoid overall buckling

=  The minimum value of yx (the less one of the two values) to ensure stiffener
buckling does not precede plate buckling

(1) panel with one central longitudinal stiffener (whichever is less)

7, =48.8+1126,(1+0.50,)

y, =22.8I1+(2.5+165, )12 —10.8VTI

7x>7/min

(2) panel with two equally spaced longitudinal stiffeners(whichever is less)

v, = 43.5VIT° +3611°5,

v, =228+6105, + 3255

one central longitudinal stiffener

2000

1500 6
X

two equally spaced longitudinal stiffener

X 1000

500

10
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5000
4000
% 3000
2000
1000
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13.1 Longitudinally Stiffened Panels — Overall buckling v.s. Plate buckling
Minimum flexural rigidity to avoid overall buckling

= A more general solution, valid for any number of stiffeners, has been
presented by Klitchiff

7, =0, L+ NZIT?)? +£H(1+ NZIT%)4/2+ N2IT°
T

where Ns=number of panels=1+number of longitudinal stiffeners

Homework 6-1 Plot Klitchiff's curve versus L/B for different Ng and &, an
d compare with the previous two curves.

oy
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13.1 Longitudinally Stiffened Panels
Calculation of overall buckling stress

_

An alternative approach is to calculate the overall buckling stress (o,) ., and

compare it to the plate buckling stress o,,.

a) cr

2
(O-a)cr 2 O-O O, =362E[%j

In short panels, the equivalent slenderness ratio of each column is the
actual slenderness of the section or in terms of nondimensional parameter.

(L) _a_ a L)  a [120-v?)(1+6)
Pl P L (A+bt) ;eq_? v

In long panels, the stiffeners receive some lateral restraint from the sides of
the panel— bukling in more than one half wave.

the equivalent slenderness ratio < the value given by the former formula

(Lj a C,a
—| =c, ==
P Jeq p L (A +bt)

where C11 is given by whichever is less

1 Yy El 12(1—V2)|
C X C. =1 = — X = X
§ \/2(1+ I Y x

I f+7) Db bt?

ERY
S
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13.1 Longitudinally Stiffened Panels

Calculation of overall buckling stress
_

= Then _ r'E
(O-a)cr - 2
(L/p)g

Using the adjective “slender” to describe a panel in which the overall
buckling stress calculated from elastic theory is less than the yield stress.
7°E o
2 Y
(L/p)s

Normally, plate buckling precedes overall buckling — When overall buckling
occurs the plate flange of the stiffener will not be fully effective over the
width b.(due to out-of-plane deformation, caused by buckling)

-l-—-oe—.q

" %

The buckled center portion is 8

discounted completely and the
original b is replaced by b,

H
il
r
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o

<
I
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e = b, “a - 7 Pe/,
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13.1 Longitudinally Stiffened Panels

Calculation of overall buckling stress
_

» The effective width is taken to be the width at which the equivalent plate

would buckle at an applied stress of Ce y 7°D
% ba
for the original plate (). =k 7°D
a’lcr bzt

= jfitis assumed that k is the same in both cases then

= For long plate (a/b>1)

(O-a)cr = 4

7D
b%t

o
Ee:

b
b

e

(T

O,

1ol £

b\ o

e

» The effective width would reach its smallest possible value when oa reached

yield Oyield.

v

b
B ﬁ_?E
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13.1 Longitudinally Stiffened Panels
Calculation of overall buckling stress

.
= The critical value is given by r°E
(O-e)cr ~— T 2
(L7 e )eq
» The axial stress in the stiffener is larger than the external applied stress.
(6,). axial stress corresponding to (a,),,

o (bt+A) =0, (bt+A) ). :EEEI+QJ(L72E)
t+ Pl

= Asuitable procedure

- O —
Ya %
1. Assume some initial value of be s :I/—z T
]
2. Calculate oxe and Ixe, and then evaluate (L/pe)eq ! i
(o.) __TE Z=0% l

3. Calculate (o.)., . (L p) =

H H be t E lean Stress =g, = [er
4. Using this value, recalculate be from \a 321'95 — et s == 0

5. Repeat from step 2 until be has converged

€ 6. {b“”*] E

bt+ A J(L/ p,)eq

6. Calculate (o)),

" a single nonlinear equation for be

\/AN(AN+4A )+£%+A jbt_ANJI—A +b,t
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13.1 Longitudinally Stiffened Panels

Calculation of overall buckling stress
_

= (o.),depends on p,depends on depends on be. TS
= When bt> 2A, (usual case), decrease of be — increase p, (Ce)e = W
— increase in (o) e7ed
» The lowest of (5,)., corresponds to be= b, when plating in fully effective.
For panels of typical proportions (bt<2A,) :
decreased effective width gives (ae)cr:ﬁ
J} increased f, b
2
b =0.5b 0.). :(bewﬁyj rE
- be =b bt+A (L7 p.)e
|- typical panels -‘ (e .) Also for typical panels, decreased
bt s =0.7 effective width usually gives
OL ‘It I2 I3 IL; ™A, {f"’ Jer be 0.75b increased vaiues of (g, )., and{cy ),
Large Small
stiffener (@) stiffener

stiffener (b) wrei ll‘igttﬁn-%E JETUGLUTWl PN



13.1 Longitudinally Stiffened Panels

Calculation of overall buckling stress
—

Homework 6-2 illustrates the previous graph using the following formula

bo

A=Db,t, +bt, +ht,

[ s - bte  bh®  (b—t,)h? 2
. / | | = + - — Al — 1)
7 3 3 >
) *2//1//4 2 bh® — (b—t,)h;" —bytg
T e =ty 2A
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13.1 Longitudinally Stiffened Panels
Calculation of overall buckling stress

» Possible modes of elastic buckling of stiffened panels

CASE A
CASE B
At be =b, (G )r .
: (da Xer > 30 At B=b,(d ) < 0, For small stiffener
f graduatx
q elastic buckling sudden overall (O.a)cr for be > (O'a or forb
(0)er M elastic buckling
final be ~Swd _ __ __ __ - j AVOID
I
,,Tr — — XL
(o Jer | e~ with initiat deflection
Y
be=b CAN I o,
(o), { plate buckles
r y ! #E o
tinal b_B_ ~ 1 ﬁ
" “} CASE B
(a) SMALL STIFFENERS (Ax<-—3-,say )_ (@), R
be=b AVO'D
(a),
.--"""-ﬂ—k\
For large stiffener (@) T T "’I“ \““‘>with initial deflection
tinal |be | -
(O-a)cr for be < (O-a cr forb (5, ‘ CASE A
|
i ] . ;%—
final e -~ !

B
(b) LARGE STIFFENERS ( A,>S5-, say)

e m——. s ewsww Tl GIWGLEE WA P W aN



13.1 Longitudinally Stiffened Panels
Local buckling of stiffener (tripping)

_

A stiffener may buckle by twisting about its line of attachment to the plating,
“tripping”. The direction of the tripping alternates as shown.

Tripping and plat buckling do interact but they can occur in either order.

Tripping failure is regarded as collapse, the tripping leads no stiffening and
overall buckling follows immediately. Elastic tripping is a quite sudden
phenomenon — a most undesirable mode of buckling

Open sections used in ship panels have relatively little torsional rigidity.

Closed cross section : difficulties in fabrication, inspection and control of
corrosion.

d = distance from shear centre
fo point of attachment

shear

centre

Stiffener tripping SSERY
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Permanent Means of Access (PMA)

O IMO introduced PMA regulations for securing access to cargo holds and ballast
tanks in oil tankers and bulk carriers.

O Overall and close-up inspections and thickness measurements of the critical hull
structural parts.

Transverse PMA
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Ultimate Strength Assessment of PMA

% Objective : Ultimate strength assessment of PMA using nonlinear FE analysis
Establish evaluation procedure for CSR Tanker design
* Research :

= No specified rule for PMA structure in CSR
= Local support member scantling rule in CSR — over scantling
= Establish a ultimate strength assessment procedure.

= Propose a evaluation criteria based on CSR cargo hold analysis.

Rule for Local Support Members in CSR \?%

SECTION 10- BUCKLING AND ULTIMATE STRENGTH
2.2 Plates and Local Support Members
2.2.1 Proportions of plate panels and local support members

b
(b) stitfener web plate .*_ ' |
tanet = dw Illﬂ-wT CSR reg. : hth+betf r
Cw \ 235 .
(c) flange/face plate 1150%20.5+288x16.5 # }
r ) ty,
ff—nct 2 bf:i?”f ||'C"yd Proposed . S — b/
Cr V235 | 1150x12.0+150x15.0 () ﬂ

OPen INteractive Structural | ¢
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Ultimate Strength Assessment of PMA

L A |
A P -

FE Modeling & Linear Buckling Initial Nonlinear
Boundary Condition Analysis Imperfection FE Analysis

CRS Cargo Hold Ultimate Strength
Analysis from P-8 curve

P-8 Curve
1
09 |0/ Ggae = 0655 | G =0.657
LCO3 0s
07
05
LG 05
m
04 /f
02 .
L 02 A
HEa 01
it . /
0 g 10 15 0 0
ox (mm)

“ Result : Proposed scantling satisfies required strength.
OPen INteractive Structural



Elastic Lateral Torsional Buckling of PMA |

+ Objective : Establish analytical method to predict lateral torsional buckling of PMA
< Research :

= Rayleigh — Riz method
= Assumption of deflection and strain of PMA section

= Total strain energy and work done during buckling

= Solve an eigen-value problem

PMA Structure

uW = (Zo - Z)W,x + aoVT,x
z vV, =V(X,2)
W, = W(X)
Uy = (Zo - hW)W,X + (ao - y)VT,x
vi =v1(X)

Wi =W-—Yor

Lo =

h
Ug, = (2 _?W)W,x +(8, = Y)Vep

w Vip = Ves(X)

Wiy = W= Y@rs(X)
OPen INteractive Structural | o
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Elastic Lateral Torsional Buckling of PMA I

Flexural Out-of-Plane Displacement of web plate

Vy, = @5 (X) fL(2) + V7 (X) £,(2) + @ (X) £5(2) + Vg (X) T, (2) + 05 (X) f5(2)

2 3 4 5
Compatibility constraints f=h [i_({ij +13[LJ _12[ij +4[i”
! hW W W hW hW
4 2 3 4 5
e Or = V) oo, f,=7 i] —34(iJ 52 ij —24(ij
h h h h
T Vg = (VW,Z)Z:O |:> _ " , " , " A W5
= (), SRR EINE ]
h Vg = (VW)Z=0 =0 i Wz ’ 3 ) 4 ’
’ Veg = (Vo) pon, f, =16(hi —32[%} +16(hiJ
¢FB = (Vw,z)z:hm 2 3 4 5
—I“—» fo=h -8 = | +32] 2| 40 = | 16| =
/ y hw hw hw w
X

EES
ESIEN

=5
[ov]

Il
<| §|

sin % = {6 Jsin Ax

Tn
w

S
m
o
=S
w
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Elastic Lateral Torsional Buckling of PMA Il

Derivation of Strain Energy - Jle, oA [z, 0a [ o, -eyi0n

Ay A
b h? h
AL ta, :tw(hwzz_hzzoJr*W)thfbf(zo_hw)2 +tmbm(zo_i)z
N U =2E[ w2dx+ ZE[ 1w, 2dx+ SE[ 21 dx+ =G| 3¢ d o 2
=— w X+— J. V. X+—= I W,V X+— I X ) by
(}‘ 2 IO XX 2 ~Jo 7 VT xx 2~ Jo zyf Vo VT xx 2o 1 Pr x " :!(y,ao) dA= é+a0bf t,
® b !
N [ Lefove, ke TE( 21w, dx+SG[ I, 0% dx 2 tdamatht, +| 2 _api sal
a +E o 2 Y FB.xx +E o < v oo FB xx +E 0 v Prs x Uy, I = aidA+J‘(y_a1) dA=a/ht, + ?—a1bm+aibfo te

Ay
Ly = [ (2 =h, ), - y)dA=a,(z, ~h, )bt
Ay

. Wk @

h
oo = J (o ~2adAr [ (207 a - y)oA

_ h\mzv hw b'b
- al(zohw 7?)tw + (Zo 7?)(511 77)tlbbfu
bt}
1, =6
3
bpts
1 l 1 I J, =Gt
Vv =—J.0J. (V$X+(W—y¢TX)2)1di+—IaI (W2 +V2 )dxdA R
21 7LNT ' 2 47T
A Ay
1 L 2 = [ 120A g, = (20 f,1,dA g, = [201,f,0A
+EJ.GJ.O(VFB,X+(W_y¢FB,X) )_‘jdi Ou ;J\‘”U 10A Op /_\I;U 1120A, O3 J“U 11304,

Aty 0u = [20 T,1,0A, g5 = [20 f,f,0A 0, = [ dA+ [o £7dA,
A Ay Ar A

- % () [IZG ]{5} <j 0n= 201,108 0, = [20 £,1,0A, 0, = 201,107
Ay Ay Ay

_ 9= [oy'dA+ [0 17dA g, = [20 T, T,dA, g5 = [20 f,fidA
6 X 6 Eigenvalue Problem A, A A A
0u = [odA+ [0 fdA g, = [20 f,T,dA
A Ay Ay
‘ [KL]_[KG:H = 0 gss:jaysz, gse:_[o'(*Y)dA

O = IUdA+ IUdA+ IUdA
Ar A Aty

“At the limit of stability, the second variation of total potential

energy is zero’”’
&Y OPen INteractive Structural



Elastic Lateral Torsional Buckling of PMA IV

Comparison with FE analysis

Results

Extended Plate Rotational Restraint
300

| — ¢ FEM without Plate (Case A)
—D 0 Qg for Case X X FEM with Plate Pinned joint (Case B)
1 —9 bp o Uniformwith a0 and al (Case I)

11 0 =7 kspring Qg = | —— Rothwell with a0 and al (Case Il)

2 —2 e« Uniformwith onl
ly a0 (Case IlI)
4b D p ¢B for Ca € Y """""" RothWell with only a0 Case (1V)

p

N

a1

o
|

N
o
o

<—— FEM
/ Proposed
Methiod

/

Elastic Tripping Stress(MPa)
= [
o w
o o

3000 5000 7000 9000 11000 13000 15000
Span Length (mm)

a X Displacement Constrained
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Elastic Lateral Torsional Buckling of PMA 'Y

Tripping v.s. web plate local buckling for varying mid-flat-bar location

T
h
ah
N

300

250

200

Tripping Stress (MPA)

100

Comparison with NX Nastran

(L=4500mm, Plate) m=1
= s+ === Precent, m=1 T
aaaaaaaaaaaaaa Present’ m=3 A
= = == = Present, m=5 )
----- Present, m=6 : 4
Nastran First Mode _./
. Nastran Tripping NP
o< . m35
-~ .
1 -
/ ! . ‘\‘h. A
/’ ‘.“""—
Trippi*g [ §
Web Local Buckling -
| >
0.4 0.45 0.5 o 0.55 0.6 0.65 0.7

m=5
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Elastic Lateral Torsional Buckling of PMA VI

Web Local Buckling v.s. Bottom Plate Buckling

Thick bottom plate (16t)

Tp=16mm,b=880mm
EERl pr— Present, m=1 K=Hughes & Ma 4
— e == Present, m=1, K=Hu et al 1"/
— Present, m=5, K=Hughes & Ma ’1'/ .
250 w— s Present, m=5, K=Hu et al ] 7
—_— == = = m Shell Plate Local Buckling, K=4 - ’-a -----
E [ ] Nastran Tripping Mode .,/"./
2 @ Nastran 1st Mode ,‘;
Py e
A ]
Q 200
G
g R \o\
g 150 I~ ~ —~
= '~ }
Lateral Torsional Web Local
100 R
BUCk“ng 0.4 0.45 0.5 0.55 0.6 0.65 0.7 BUCk“ng
o

Thin bottom plate (13t)

T,=13mm, b=880mm

300 7
= v =+ Present, m=1, K=Hughes & Ma 4
s = = = e Present,m=1, K=Hu et al P s
g - e || meemeaea Present, m=5, K=Hughes & Ma P
_ Present, m=5, K=Hu et al" A
< 250 .
o e Shell Plate Local Buckling, K=4 _,/’
E (] Nastran 1st Mode {'
2 ® Nastran Tripping Mode ) ;v.
2 <z
s 200 =
2 e
£ i \: S -~
=3 .~
. 2 k== - - - - - ... - . _.._‘ ......
— — .
Buckling < .
100

0.4 0.45 0.5 0.55 0.6 0.65 0.7
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13.1 Longitudinally Stiffened Panels

Types of stiffener buckling and method of analysis
e ————————————————————————————

Flexural-torsional buckling : torsional buckling of
a stiffener may also be caused by a bending mo
ments — compression in the flange.

Flexural buckling of columns : Bending about the
axis of least resistance

Torsional buckling of columns : Twisting withous .
bending. '

Flexural-torsional buckling of columns : subjected
to compression — simultaneous twisting and o
bending.

Lateral-torsional buckling of beams : subjected to i Y
bending, — simultaneous twisting and bending. ¢ oo A R s
Local buckling : Buckling of a thin-walled part of . R Lateral-torsional buckling
the cross-section (plate-buckling, shell-buckling)

29 OPen INteractive Structural P



13.1 Longitudinally Stiffened Panels

Types of stiffener buckling and method of analysis
N ———————————————————————————————

= Flexural-torsional buckling : torsional buckling of a stiffener may also be c
aused by a bending moments

— compression in the flange.
— nonlinear coupling between the flexural and torsional response

% Two different methods for dealing nonlinear elastic buckling

= "folded plate" analysis based on finite difference methods
« simpler
* is restricted to certain boundary conditions and simple forms of structural ge
ometry

 basically limited to elastic buckling of bifurcation type
= nonlinear frame (finite element) analysis
* necessarily computer-based, but quite economical
« is much more general and can deal with other forms of nonlinearity

30 OPen INteractive Structural
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13.1 Longitudinally Stiffened Panels
Stiffener buckling due to axial compression

_

s A stiffener acts essentially as a column, but tripping or torsional
buckling differs from that of a column in three ways

= the rotation occurs about an enforced axis-the line of attachment to the
plating.

= the plate offers some restraint against this rotation.
» jtis not necessarily rigid body rotation.

f——

without web with web

bending bending \\

Effect of web bending

ERY
S
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13.1 Longitudinally Stiffened Panels

Stiffener buckling due to axial compression
e ————————————

= The governing differential equation for the rotation is:

d'¢ d’¢

EISZdZW_(G‘] —GaISP)W‘F K¢=O
where

= |, = moment of inertia of the stiffener

= d = stiffener web height

» |y = polar moment of inertia of the stiffener about the center of
rotation

= Ky= distributed rotational restraint which plating exerts on the
stiffener.

* @(x) = a buckled shaped in which the rotation @ varies sinusoidally
In m half waves over the length a.

* ga71 = the elastic tripping stress, the minimum value of applied in-
plane stress o¢a that would cause tripping
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13.1 Longitudinally Stiffened Panels

Stiffener buckling due to axial compression
e ————————

oa,T satisfies the following, where m is a positive integer.

4 __4 2_2
m-z

57 —4+(GJ _O-alsp)?_F K¢(Ga’m)20
K, Is afunction of s, and m.

K, Is dependent on o, because plate buckling can diminish or eliminate K.
K, Is dependent on m.

The rotational restraint coefficient is offered by the plating

— to be defined by the plate’s flexural rigidity which causes a total distributed
restraining moment Mz=2M along the line of the stiffener attachment.

If a>>b, unit strip of plating across the span b, ¢ =% Mb/D.

« Mg _4D oy

‘g b .wr (

This assumes that the buckled displacement of the stiffener is entirely due
to rigid body rotation.
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13.1 Longitudinally Stiffened Panels

Stiffener buckling due to axial compression
e ————————————

In practice some of the sideways displacement of
the stiffener flange occurs due to bending of the
web. Even when the stiffener web is slender.

C, is the factor by which the plate rotational restraint
Is reduced due to web bending.

0=C4  c,- —
1+ (2/3)(t/t,)*(d /b)

where (for 0a=0)

Ca is a correction factor because of the effect of
plate aspect ratio.

m
Co=l+— K :%CC

C, =
1+0.4(t/t,)*(d /b)
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13.1 Longitudinally Stiffened Panels

Stiffener buckling due to axial compression
e ————————————

C, : correction factor for aspect ratio and plate buckling effects because
plate stiffness decreases as the applied stress o, approaches plate buckling

stress o,. 2
C. :1_(2% _1) m2
o a

C,=1-(m/a)* when o, = o, if m=a (aspect ratio), C,= 0. and K =0.
Tripping occurs in a single half-wave, m=1 — the same as number of half-
wave for square or short panel. o= 1 — complete loss of rotational restraint.

For stiffened panels of usual proportions, tripping occurs in a single half-
wave, and hence it is mainly square or short panels in which the loss of
stiffness can occur.

_ - 1
C, = 5
2 1+0.4(t/t,)*(d /b)
K¢:4bD - 3 {1—[2661— jm—} m22
t)d % /¢ 2 m?
1+ 0.4('[\,\/] b Ca :1_{ O(-)-a _1} az
- - 0

=

Y
2 (2w}
=os
L

!
i

EX
S
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13.1 Longitudinally Stiffened Panels
Stiffener buckling due to axial compression

B

by substituting K, and solving for c,.

O,1 =

1+ 0.4(t
tW
Mlnlmum 1
m=12,. 2C bt
ISID +—
T

2_2 2
GJ+mf Elszd2+4D2Cr a—2+b2
a b (m

4D 1 20, M’ )
K= —Td {1_( o _1]?} » Elg,d* —— m'” +(GJ -0, Sp)
d 0 a’
b

Vv

2

+K,(o,m)=0

r—

1

1+0.4(t/t,)°(d / b)

Here, regard m continuous variable. Find m which gives the lowest ¢,

d
do—a,T =0 m:_

4DC

r

dm 7\ El,d’b

m can be predicted and trial-and-error approach can be avoided.
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13.1 Longitudinally Stiffened Panels

Stiffener buckling due to axial compression
e ——————————————

After estimating m, . a [4DC,
T

. EISZde
(a) Solution when m22, 3
1 DC.El.,d*> 4DCb L 2
— GJ+4 r—'sz + r _ Minimum, 1 mr 2, 4DC, (a° .,
Car ZCrbSt[ \/ b 7’ J 7T T m=ot12.. | 2cht {G‘H P (m2+b H
I, +— b+
T
(b) Solution when m=1,
ex) estimated m=1.3 — m=1
estimated m=1.7 — m=1 or m=2 m=1
1 72'2E| dz 4DC i 2 2
— GJ + Sz + r a2+b2 o _Mlnlmum, 1 m?rz? ) 4DCr a
Tart | +2Crb3t( a’ °b ( )J T m=12,... | 2C b G+ 2z o .0 = m2+b
sp 7 s i

(c) Lower bound solution for quick check
- ignore plate restraint effect C, =0, i.e. 5, = 6, » K; =0 |~ :1{2% _1] m
- ignore GJ term since it is small. i

1 dy
O'a,TZEI:EZE(gj Isz:|
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13.1 Longitudinally Stiffened Panels

Stiffener buckling due to axial compression
e ————————————

I, and Isp can be expressed in terms of stiffener areas

A[/&_Afj
ISp:d{Aﬁ%) b3 ) AAL
Sz f A< 3A<

Also, by defining a fractional flange area f=A/A,, it becomes

_7TEf@- f)(bf jz

%11 0f | a

a : adverse effect of panel length

b; : strengthening effect, but cannot be increased indefinitely due to possibili
ty of flange buckling.

b/t; <14 for mild steel to avoid the flange buckling.
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13.2 Transversely Stiffened Panels

Transversely Stiffened Panels
_
= The strength of the stiffened panel is determined by the buckllnq strength of the plate

between stiffeners. =

Beb ™ a -—— g
L
= The required minimum value of yy given is
(4N5—1)|:(NE—1)2—2(NE+1)K+K2:| , _EL e H:%:%
= y
7y 2(5N2 +1-x)IT* Da
where

N, = number of plate panels= L/a, N, ; = number of stiffeners
El,= flexural rigidity of one transverse stiffener,
including a plate flange of full width a.
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Homework 6-1 due date 21th November
e

= Homework 6-1 Analyze the effect of a, b, d, by, t;, t,, h, t,,,e Using ANOVA

table and an orthogonal array. Recommend to use Minitab.
a=2400+10%, b=800+£10%, d=450mm, b;,=250mm
t,= t,~t 1ae=15 MmM=10%,

w~ “plate

Minimum, 22 2
O,1= 4 L - GJ+m72T Elszd2+4DZCr a—2+b2
' m=12,... 2C.b°t a

Vo

| C 7b {m
sp+ 72_4
Isp—dz(Af+ﬂ)
3
A_A
| b Af( 4J~A¢\Nb$
sz~ Mf = BA(

oy
40 OPen INteractive Structural .« ;'L



Homework 6-1
e ——————

» QOrthogonal array for 8 parameters with 3 levels
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A sample of the use of ANOVA table and Orthogonal Array

_

Selection of Stiffened Plate
Parameters
Orthogonal Array L27, 37

DNV RP-C201 U.F v.s. Scantlings

Span Space t, h, t, by t

3870.0 7335 | 12.8 | 339.3 7.7 |135.0| 10.8
3870.0 7335 | 128 | 339.3 85 1150.0| 120
3870.0 7335 | 12.8 | 339.3 9.4 |165.0| 132
3870.0  815.0 | 143 | 377.0 7.7 1135.0| 10.8
3870.0  815.0 | 143 | 377.0 8.5 |150.0| 120
3870.0  815.0 | 143 | 377.0 9.4 |165.0| 132
3870.0  896.5 | 15.7 | 414.7 7.7 |135.0| 10.8
3870.0  896.5 | 15.7 | 414.7 85 |150.0| 120
3870.0  896.5 | 15.7 | 414.7 9.4 |165.0| 132
4300.0 | 7335 | 14.3 | 4147 7.7 |150.0 132
4300.0 | 733.5 | 143 | 4147 85 |165.0| 10.8
4300.0 | 733.5 | 143 | 4147 9.4 1350 120
4300.0 | 815.0 | 15.7 | 339.3 7.7 |150.0 | 13.2
4300.0 | 815.0 | 15.7 | 339.3 85 |165.0| 10.8
4300.0 | 815.0 | 15.7 | 339.3 9.4 1350 120
4300.0 | 896.5 | 12.8 | 377.0 7.7 |150.0 132
4300.0 | 896.5 | 12.8 | 377.0 85 |165.0| 10.8
4300.0 | 896.5 | 12.8 | 377.0 9.4 1350 12.0
4730.0 | 7335 | 15.7 | 377.0 7.7 |1165.0| 120
4730.0 | 7335 | 15.7 | 377.0 85 1350 132
4730.0 | 7335 | 15.7 | 377.0 9.4 |150.0| 10.8
4730.0 | 815.0 | 12.8 | 4147 7.7 |165.0 12.0
4730.0 | 815.0 | 12.8 | 414.7 85 1350 132
4730.0 | 815.0 | 12.8 | 4147 9.4 |150.0 10.8
4730.0 | 896.5 | 14.3 | 339.3 7.7 1165.0| 120
4730.0 | 896.5 | 14.3 | 339.3 85 1350 132
4730.0 | 896.5 | 14.3 | 339.3 9.4 |150.0| 10.8

0.90

Span Space Thick Web H Web T Flange B Flange T
1.90
w 175
=
(5\1 1.60 ‘K/
L,) .
v
1.45
1.30
| T T T T T T T T T T T T T T T T T T T 1
O 22 O 2,0 > D1 0 ON b 05 & oKk O &
& b?;\/\,\u %,53 ‘gg) N ,\4:%.,3% é\'\ %63 2 2T T P (,3\ WA
DNV PULS v.s. Scantlings
114 Span Space Thick Web H Web T Flange B Flange T
1.06
L
)
h 0.98
9 _N_._’_}m‘_ _.-_—_:g_q__:._
2
o

0.82
T T T T T T T T T
Y e? NP E \@\st a0 e

Y. )
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