Section 14.2 Ultimate Strength of Stiffened Panels

three failure types
compression in flange of stiffener (negative bending moment) Mode |
compression in plate (positive bending moment) Mode I
tension in flange of stiffener (high positive moment) Mode IlI

vyc:=15 o := input

: Gax = O
HoF p := input ax ¢

j =5, PS 6, stiffener #6 from catalog

BSF := 3.94 SDEPTH := 7.89 TSF := 0.205 TSW := .17SCG := 5.35

a plate

a:= 812 b:= 23.844 .= 375 N:=1

L:i=a
material 6 E-t3
v:=03 E:=29.610D:= 5
allowing for different yield stresses 12'(1 -V )
plate stiffener
3 3
general parameters: Oyp:=4710"  oys:= 4710
HSW := SDEPTH — TSF Ay := (SDEPTH - TSF)- TSW Ag:= BSF-TSF Ag:= Ay + Ar
HSW = 7.685 Ay = 1306 Af= 0.808 Ag=2.114
TSF t Ag-Oys + c7Yp'Ap\
d:=SDEPTH- — +— B:=(N+ 1)b A, = Dbt A=A+ A c =
) ) ( ) p s p Y _bar ( A }
d= 7975 B =47.688 Ap = 8.942 A =11.056 OY bar = 47000
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For later use and to set the scale on plots, calculate M.“; plastic moment of section

if Ap>Aw+Af; i.e. Ap>At/2 => g is in plate

Ay, — Ay — A
P W f

=— =0.143
g b g

centroid of upper half centroid of lower half

2
bg HSW ) TSF t—
{T + AW(T + g):| + Af'|:(g) + HSW + T} yo = Tg y2 =0.116

1=
A y1 = 2.145
2

plastic section modulus, if Ap>At/2

A TSF = 0.205

Zpy = E-(yl + y2) Zpy = 12.498
if Ap<Aw+Af; i.e. Ap<At/2 => g is is web

Ap+ Ay — Ap

= = -20.08
g 2-TSW g
centroid of upper half centroid of lower half
TSF)  TSW-(HSW - g) ) TSW.g”
Ap| HSW — g+ + Aplg+ < |+ ————
. 2 ) 2 _ 2) 2
b Ar+ Ay — g TSW 2 Ap + g TSW
y1 = 15.926 gy = 25977

plastic section modulus, if Ap<At/2

| A )
Zp = lf(Ap > 5 7e ey Zp = 12.498
Mp = GY_bar'ZP Mp = 587397
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a. Compression failure of stiffener (flange): Mode | (Point E figure 14.2) and curve

- PCSF - Panel Collapse Stiffener Flexure. (Mode I).

geometry of panel

Combination of plate and stiffeners (from p287, equation 8.3.6 in text):

AW(? - AT:V) + ArAp 5 A—2W + Ap A—2W + Ap\
Cr:= I=A(d)-Cq yfi=—-d——— yp=d| 1 - ———
)’ A A )

C1=10.095 I=66.789 yf= —6.921 yp = 1.054

For maximum moment and center deflection assume simply supported beam:

2 4 2
q.a Sqa 5'M0~a
=pb M, = — 8p 1= —— 8,(M,) = M, =1 for numbers
=P °T g ©7 384.E1 o Mo) 48-E-1 ©
Rule of thumb for eccentricity of welded panels: A= 2 A =0.128
750

Ay:=-A  applying negative bending moment, apply eccentricity in worse direction

strictly speaking should compare failure stress to torsional buckling limit or yield. Let GaT = OYs

_ min((GYS\\
OFs = UaT))

0olMg) + A M,
pli= l 7\/1 - a ) E T‘ll(MO) — ( 0( 0) I) Yt MI(MO) — o' ¥f
A T-PT E (pI)Z I-GFS
pr=2458  Ap=0.495 n1(Mo) = 0.147 ui(Mo) = —2.205 x 10~ 6
2
1+ (M c(m t(m - p(M
CI(Mo) - MI(Mo) . 1(2 0) Rl(Mo) — 1(2 0) 3 ( I( 40)) 3 ”1(2 0)
(%) (%)
Ci(Mo) = 5.672 Ry(M,) = 0.844
Saxul(Mo) = —R1(M,)-oFs making compression stress negative
Saxul(Mo) = ~39664 checks with PS 6

G axul(0) = —39664
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M, = —MP,(—MP ¥ 100()()) .0 negative Mo Mp = 587397

Mode I fig 14.2
I I

I I I I
0 0.2 0.4 0.6 0.8

- cfaxul( Mo)

Oys

Cax

RPCSFl(Mo) = m prCSFl(MO) = YC'RPCSFI(MO)
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Compression failure of plate: Mode Il developing o, ,,; by first developing & . versus M (positive)

a,ult a,tr,ul

as before (Mode I)
2 4 2
q.a Sqa 5'M0~a
=pb M, = — 8y 1= —— 8.(M,) 1= ———— M, := 95370 for number check
=" °T g ©" 384.E-1 o(Mo) 48-E-1 ©

determine failure criteria:

T:=input Gy = input

b |OY 2.75 2 104
B;:—-Tp g= e == Ti= 252+ ¢- (g)——2 L -
t ayu -~
(p) () Y .
B =12.534 &= 1428 T = 0.695 Cay =
plate shear Cross axis
behavior stress stress
2
T-.1 T \ Cay \
CFp = OYp’ 1-3f— " |1-—
SYp) Sayu )
oFp = 40238
Set up geometry for transformed plate for combination (from equation 8.3.6 in text):
Agr Aw\
Aw'(T Y + Ap Aptr ,
by = T-b Aptr = byt Agr = As + Aptr Clr= ) Itr = A (d) - Crr
(Au)
by = 16.572 Apir = 6215 Ay = 8.329 Cig=0.118 Iy = 62.769
A A
—W + btr't —W + btr't\
d 2 &l 1 It 2 a SFp
Yftr= 4¢— Yptr = ¢ 1 = Ptr= |/ = N
Atr P Atr ) Atr TPtr E
Vi = —6.576 Ypir = 1.399 pir = 2.745 A =041
Correction for load eccentricity:
t 1 1 Ypt
hi=SCG+ = Ap=hAg Lo Npi= Ap—
2 Ay A) 2
(ptr)
h=5.537 Ap = 0.347 Np= 0.064
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Set up and solve for Ry, = o, yui/orp

(30(Mo) + A)-ypir

(Ptr)2 liroFp

n H(Mo) =

n1i(M,) = 0.032

1- Hll(Mo) . L+mnp+ mI(Mo)

1L+mp (1 N np)’(k)Z ' 2 4 (1 N np)~(7»)2

Ci(Mo) = 7.008 Rx(Mo) = 0.859

CH(Mo) =

g tr)yit IS NOW determined from R

GaxtruH(Mo) = _RII(MO)'GFp

Gaxtrutl(Mo) = —34579

Convert back to untransformed geometry and corresponding stress

Atr

Gaqu(Mo) = GaxtruH(Mo)'X c aqu(Mo) = -26050

M, := 0,1000.. Mp positive Mo Mp = 587396.758

Mode II, figure 14.2

T I G axull(95370) = —26050
checks with PS 6
0.8 —
M, 0.6 —
Mp
0471 —
021 —
0 | | | |
0 0.2 0.4 0.6 0.8
- Gaqu(Mo)
. . Syp
appropriate partial safety factor, PCSF2:
Rpcsra(Mo) = _ %ax
csraiTo) S axutl(Mo) RpcsF2(Mo) = ve-Rpesra(Mo)



Tensile yield in flange leading to total plate plus stiffener failure; Mode Ill: getting relationship for
intersection with plate compression failure (line GH in figure 14.2):

My =1 for number check
For line GH at point G:

2
) a SYs ] 5-MoG-a B Yftr 5 .
AGH = S 80G(MoG) = “wEl NpGH = Ap )2 nGH(Mog) = ( oG(MoG);r A)-Ytr
Ptr (ptr)
AGH = 0.444 80G(MoG) = 4.856 x 10~ 7 NpGH = —0.303 nGu(Mog) = -0.112
nGu(Mog) = “MoG¥iir - uGH(MoG) 1+ npGH + NGH(MoG)

I ovys CGH(MOG) = - CGH(MOG) =-2.835
r 6 L+ mpcH (1+ anH)-(KGH)2

nGH(MoG) = 2.229 x 10 changed sign

either root may play in result

CGH(MoG) (CGH(MoG))2 1- uGH(MoG)
RGHneg(MoG) = - + RGHneg(MOG) = —4.467

’ * (1 + mpar)-(ran)’

CGH(MoG) .\ (CGH(MoG))2 .\ 1- HGH(MOG)

Rapos(MoG) = —— 2 Y RGHpos(MoG) = 1.631
GaxtmGHneg(MoG) = RGHneg(MoG)~(—GYs) CaxtruGHneg(0) = 209938
GaxtmGHpos(MoG) = RGHpos(MoG)'(—GYs) CaxtruGHpos(0) = 76681
MyG = 0,1000.. Mp positive Mo Mp = 587396.758 should be converted to not tr

Mode I1I, line GH, positive root

1 I . Mode II1, line GH, negative root
M
oG M()G
M — -
p 05 Mp
0 | -1
0 0.5 1
- M
GaxtruGHpos( oG) 0 _ GaxtruGHneg(MoG) 1
Oys oy
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examining intersection: working with (14.2.29; R *op, = -Rg"oys):

a,tr,ult

Myg = 0,1000.. Mp positive Mo

Intersection in transformed section

0.8

— 0.6
Mg \

Mp 0.4 \

0.2

0 0.2 0.4 0.6 0.8

- c521);truGHpos(MoG) c7;1)(t1'uGHneg(N[oG) - GaxtruH(MoG)

Ovs Oys Syp

Assume value for M 4 and iterate
(M_,>Mo; fails in Mode | or II)

Matio := 0.532 trial value

MoG = Mratio-Mp GaxtruII(MoG) = -29613

MoG = 312495 G axtruGHpos(MoG) = —29688

Mp = 587397
c7axtruGan:g(l\/[oG) = 164531

if stress levels match, M is fixed for Mode IlI plot:

limit state

Ay Mp - M, oC

GauG = 0y —RGH Cau'= ————CaquG YRpCSF3 = vor—— (6-32)
A Mp - MyG Cau
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Mode IlI plot, using M and stress level in non-transformed section (jaqu(MOG) = 22309

(Mo) = (o)
CaxullllMo) = ——— G axulll MoG
Mp - MyG
GaXUHI(MO)
1
MO
05 .
P
|
0
0 0.5 1 1.5
- GaquII(Mo)
Oys
M, := input if Mode Il is relevant failure mode
GC
YRpCSF3 = vyC———F—~
Gaxqu(Mo)

S axull(Mo) = —47668.439

oaxul(Mo) axutl(Mo) Saxurii(Mo) Gaxull(Mo) = —27748.195
, s axull\Vo) = — :

SY bar CY bar SY bar

Gaxul(Mo) = ~39664.127
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attempting to plot all three modes:

M, = —MP,(—MP + 10000) ..Mp positive and negative Mo

0.5

0 0.2 04 0.6 0.8.-
- cYaxul(lvlo) - CYaquI(N[o) - cSaquII(NIO)

’ s

OY bar OY bar OY bar
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trying to be a little fancier
Myg = 312495

G aqu(Mo) G aqu(Mo) G aquI(Mo)

CY bar OY bar CY bar

— M
modeI(MO) = if(M0 < O,M,O\
OY bar )

-0 aqu(Mo) \\

modell(M,) := if(Mo > MOG,O,if(MO <0,0,
OY bar )}

-G aquH(Mo) 0\

modelll(M,) = if| Mo > Mg, ,
OY bar )

M, := -Mp, (-Mp + 1000) . Mp

1

0 0.2 0.4 0.6 0.8
modeI(MO) , modell(MO) , modelll(Mo)
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