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Example 6.8. Shearforce resistance of orthotropic double-skin plate

N=newton
Input (highlighted) KN = 1000-N
MPa=10"Pa
Plate thickness t:=5-mm ty:=t f o= 240:MPa
Plate width b := 300000-mm f = 260:MPa
Plate length L := 5000:mm E := 70000-MPa
"Pitch" (2a or d) w = 160-mm a:= w v me Ll
If heat-treated alloy, theffit = 1 elseht =0 ? cf:=0 hti=1

a) Profiles with groove and tongue

Half bottom flange a o= 40-mm

Thickness of bottom flange to:=5mm

Profile depth h:= 70-mm
Web thickness tg:=5mm
Half width of trapezoidal aq = 80-mm
stiffener at the top

Number of webs Ny =4

Width of web ag:= l(al— a2>2+ h? a3 =80.6-mm
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Local buckling of top flange

Length and width

L
of web panel L = 5:10%mm ap=ag ap=80-mm — =625
am
2 2

L am am

(5.97) k ;=ifl —>1.00,5.34 + 400-|— | ,4.00 + 5.34| — _
081 @m [fo

(5.96) A —— = _

ka t1 4E A 70328

T
f

0.48 u
Table 5.12 P F— n =04+02— _

A w fo p 71462

n =0.617
i \
Table 5.12 0 V-|f<p VP p 50617
fo 5
(5.95), two flanges  V gyi=p pr(tq+tg)— V \wRd = 4.036-10”kN
Y m1
No reduction for local buckling 50
ol .
50— .
-100 ; ' :
=100 -50 0 50 100

Overall buckling, shear

n

Cross sectional area A=2t1a+2tyar+2tga 3-7\” A = 2.812-10%mm?
Gravity centre 2tyaghr 2t 3.a32.n7w
e:= A e =30.022-mm
2 h* Nw 2 6 4
Second moment of area I =2tyash™+2t3a 3-3-7 - A€ I =2.059-10"-mm

Ih \12

- 4[h <a1+az/]
T 2-a1 2'82 83
+ +2—
ty  tp t3

Approx. torsional constant | 1= 3.517-10%mm”*
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Rigidities of orthotropic plate

El 2
L N
Table 5.10 Byim—— vi= 03 By = 9.007-1080< m )
2:a mm
E 3 [N
Table 5.10 B,, = 0.00L:N-mm Gi=e— B, = 1:10 > mm )
2:(1+v) mm
Gl 2
Table 5.10 Heo T H = 5.918-1080<N mm )
2:a mm
Elastic buckling load
1
p
B
(5.83) (5.84) 0= %- B_y\ e 9=171110"
X/ I-D’X'By n= 6.236:10°

(5.82)

(5.81)

\
k,=325-0567:p +192¢ 2+ (1954019 +275¢ 2k, =121610°
1
34

Buckling resistance

(5.120)

(5.119)

(5.118)

.
Voo = — (BB, V .o = 0.039-kN
3

A A o 303910

X X o=if(x 5>06,08,x ox 5649510°
O —_—

VoRd= V o Rq = 0.02LkN
M1

=i \ -
VR =1f(Vwrd<V oRd Y wRd Y o.Rd) V rg = 0.021-kN
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b) Truss cross section

Y/

||||

|
7

S

Half bottom flange agi= g ajq= g a = 80-mm
Stiffener depth h:= 70-mm aq =40-mm
Thickness of bottom flange to:=5mm a o =40-mm
Web thickness tg:=5mm

Width of web ag:= Ia 12+ h2 a 3 = 80.623-mm

Local buckling of top flange

Length and width

L
of web panel L =5:10%mm am=2aq ap,=80-mm  — =625
am
a 2 a 2
| L m m
(5.97) k ;= if —>1.00,5.34 + 4.00- (T) ,4.00 + 5.34- (T) K =531
a m T
081 am [fo
(5.96) Aoy | — _
w «/ki t] AE A 70328
T
f
0.48 u
Table 5.12 P F— n =04+02— _
Y o p 71462
N =0.617
i \
Table 5.12 0 V-|f<p V0P ) b 70617
f0 5
(5.95), three flanges  V\, pq:= §p-<t 1Hto+t 3>- V .Rd = 6:055:10 kN
(web) YV m1
50
ok _
ok _
-100 L L I
=100 -50 0 50 100
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Overall buckling, shear

Cross sectional area A := 2t raqt 2t 2ao+ 2t 3ag A= 1.606-103omm2

h

Gravity centre e:= e=35-mm
A
2
Second moment 2 h 2 _ 6 4
of area I =2tayh™+2t 3-a3-E -Ae I =1309-10"-mm
4-[h-<a1+a2\]2 6 4
Torsion constant | 1= 1= 1.952:10"-mm
2'8.1 2'3.2 3.3
+ +2—

t1 1o t3
Orthotropic plate constant

El
Table 5.10 B, = - 5728205 N
2:a mm
2
E'tqtoh /
Table 5.10 Byi= t 2 _ g575,10% N
Gl 2
Table 5.10 Hie o H = 3285108 V™
2-a mm
Elastic buckling load
1
2
B
L H
(5.83) (5.84) 9= = _y\ n = ¢=0018
b By B, B
Xy n = 0.469
\
(5.82) K, =325-0567:¢ +192¢ 2+ (1954019 +275¢ 2§, =4156
1
kpm ’ 34
(5.81) Voo =— (BB, V .o = 105.983-kN
Buckling resistance
(5.120) A D o 58.282

(5.119) X X o=if(x 9>08,08.x ox 51766:10"

(5.118) Vord=X &ty V o Rd = 57.795°kN

=i \ -
VR = iV wRd<V oRd Y wRd V o.Rd) V Rd = 57-795°kN
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c) Frame cross section

Half bottom flange
Stiffener depth

Thickness of top flange

Thickness of bottom flange

Web thickness
Width of web

LEH 12g, 2ay) 25 (28, 28,)
—i—— -

a:= 37.5:-mm

h:= 70-mm

tq:= 5-mm
to:= 5-mm
tg:= 5-mm

332=h

Local buckling of top flange

Thickness

Length and width
of web panel

(5.97)

(5.96)

Table 5.12

Table 5.12

(5.95), two flanges

tmi=if(ty<tptyty)

L = 5-10%mm

2
L am
Kp=if —>100534+400| =/ 400+534

a1:=a

azi=a

A= 2-a1

am= 75-mm

a

ag= 37.5-mm
ap= 37.5-mm

ag= 70-mm

tm:Somm

L = 66.667
am

k ,=5341

A \70.308

p 71559
n=0617
p 70617

_ 5
V \y.Rd = 4.036:10°-kN

am
, .. 08l am [fo
t E
’kr m
f
A
. n =04+021
A w fo
poFitle ey
\ fo
Vwrd=p Pty+rty)
Y M1
No reduction for local buckling 50
o
5o
100,55
7
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Overall buckling, shear
Cross sectional area A := 2t rat2tyas+tgag A= 1.1-103omm2

2tyarh+tqa —h
- 292 343
Gravit t 2
ravity centre - =35,

Second moment 2 h? 2 6
| L= 2t 2a 2h +t 3a 33 - A€ | L= 1.062:10"smm

of area

4

Ih \12

- 4[h <a1+a2/]
T 2'8.1 2'3.2 a3
+ +2—
ty  tp t3

Torsion constant | 1= 1.901-106omm4

Orthotropic plate constant

El 2
L g [ N-mm
(5.80d) Byi=—— B, = 9.909-10%
X" 2a X mm
3, 3
at 2 -t
at 331-—3 + 6:ht 23
Etq> 2 tq° {12
1 10b 1 1
(5.80a By:= - - —
2(1- ) 2 s g 3Pt 1
atg +2h({t +ty | + —m4m8 ——
3 1+t 3
at 2
3 7 [N-mm
3 3 By = 111810 °
2E ta t2 mm
(5.80b) H = — ——* — X
. . N
3 1__3 1+ 1 1+ 2 H= 8.75-106o< mm >
2-a 2-a-tg 2a-tg mm
Elastic buckling load
1
!
B
L H i
(5.83) (5.84) 9= = _y\ n = 0=5432:10"°
b By B, B _
Xy n =0.083
\
(5.82) k,=325-0567-9 +192.9 *+ (195+019 +2750 2k - = 3409
1
2 =
kpm 34
(5.81) Voo =— (BB, V .o = 3.8485kN
Buckling resistance
(5.120) A A o 305.887
0.6 . \ -6
(5.119) ¥ e—— X o= |f<)( 0>06,06,y o X §6412:10
08+1 ow
fO
(5.118) Vord=X &t1 V o Rd = 2.099:kN
VY M1
=i \ -
Vrd=if(VwRrd<V ord VY wRdV oRd) VR = 2099:kN
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Summary
a)

b)

VRd.a= 0N
V Rd.b =57.8°kN

V Rd.c =2.1-kN
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A 5 = 2.812:10%mm?

Ap = 3.212:10%mm?

A =22:10%mm’
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