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Example 6.1 - 6.6 Shear resistance of webs without and

with stiffeners
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Dimensions and strength of material

Data input in highlighted regions

Web depth hy = 2000-mm MPa=1000000-Pa
Web thickness ty = 15-mm kN =1000-newton
Total length of web panel '\ = 4000-mm sv=2.4- kg
0,2 proof strength of web plate material f ow 1= 355-MPa (O.l-m)3
Ultimate strength of web plate material f uw = 470-MPa
Elastic modulus E := 70000-MPa
Partial coefficient y mf 1l
fuw
Table 5.12 n =04+02—— n = 0.665
ow
1) No intermediate stiffener
If "rigid end post" thenendpost = 1 else endpost = 0 endpost := 1
Length of web panel a=ly, a = 4000-mm hi =2
w
Ref. to Eurocode 9
B2 hy2
(5.97) K .= if —2>1.00,5.34 + 400 — | ,4.00+5.34. —
. r e .00,5. : e . a/ k=634
h f
081 "'w |'ow
(5.96) Y e B
4/: tywA E A 73055
Table 5.12 p \FiffA ,>0.949, 132 , 048 -
166+4 A p 028
Table 5.12 R |f<,0 VNP o 5028
: 0.48 0.48
Table 5.12 p 7 iflendpost=0,if( p > — P yP - 02
W A W / P\ 0.28

f

(5.95) VwRrd=P $whw

Vo m1

Weight of web  Mass, = (hyt 1 |5V

(Mass)

_ 3
V \y.Rq = 2.711:10°kN



2) Equally spaced flexible transverse stiffeners

If "rigid end post" thenendpost = 1 else endpost = 0

Number of stiffeners Ng = 3

Single plate stiffener

tst = 15-mm
b g = 120-mm

Whole web panel. Buckling of stiffener

Figure 5.21
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A g = 8.55:10%mm’

g = 12.632.-mm

| & = 7.276-10%mm"

a= 4-103omm

k, 238

K, §238

k ;=634

k, =872

A7 2605

A oA w



Sub panel

Length a:= a=1-10%mm =05
Ngt+1l hw
By 2 hy'
(5.97 and 5.98) k = if —>100 534+400< > 400+534< k =25.36
hw a a /
hw ’
(5.96) mf S ? A wsuE 4w A wsub = 1527
A wiot 2605

The larger of the slenderness paramete,o for the total panel andiysyp for the sub panels is used. If
Awtot > Awsupb then the stiffeners are flexible else the stiffeners are rigid.

A Vifif@ wiot®? wsub A wiot A Wwb) A 7 2.605
. 132 048 .
Table 5.12 p \FiflA ,>0.949, , p wiflo y>n 0 .p R y03L
166+4 A /

_ o 031
y v

Table 5.12 0 (endpost 0, |f<p v>
w

048 0.8 \
) rp V
w

f

(5.95) Vard= 2§ why— V R = 2.997-10°KN
Vo m1

Alternative 2 = transverse stiffeners \Y Rd2 =V

Weight Mass, := <h wt w"w*”st'bst'tst'hw)'SPV Mass, = 314 kg
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3) Transverse intermediate, rigid stiffeners

Number of transverse stiffeners Ng = 3
I
Web panel w 3
a:= a=1-10"-mm
length Ng+1
h,\2 hy |\
(5.97) K, =if 2>100,534+ 4.oo-<_w> 14,00 + 5.34-<_W
hW a a
h f
(5.96) A Wﬂ.t_"". %V
k r w
Table 5.12 p \iflA ,>0.949, 132 , 048
166+4 A
Table 5.12 P 7 |f<p v 0P v>
fow
(5.95) Vurd =P $whw
Vo m1
Check rigidity of stiffener tg = 18:mm
Figure 5.21  Ag=tgbg+30t,,
2
tg'b
C. G est = s s
Second t b3
st~ st 2
moment I = -Ageg
of area
(5.104) Moty
) or | a wtw 3
5.105 | limit = if —<J£, 1.5'—,0.75'hw' W
( ) h 2
w a J
Axial force 2 1
in stiffener Ng=Vyrd- 14ty 'AIE'f ow—
Vo m1
TALAT
2301.06 N g fow
O = —— g = ° a = ° a
(6.03h) o « = 241-MP. 323-MP
Ag Y M1

Alternative 3 = transverse intermediate, rigid stiffeners

Weight

= A
Mass, := <h wltwlwtngbgt st'hw/'SpV

A 71527

p 70414
p 70414

_ 3
V R = 401-10%KN
b & = 220-mm
A g = 1.071-10"%mm”

e =40.672-mm
| & = 4617:10"-mm"*
| it = 40510 emm’”

Ist > limit  OK!

Ost < fow OK!

VRd3:=VWRd

Mass, = 345 kg



4) Rigid transverse stiffeners and longitudinal stiffeners

Number of longitudinal stiffeners
Longitudinal plate stiffener
Number of rigid transverse stiffeners

If "rigid end post" thenendpost = 1 else endpost = 0

Buckling of longitudinal stiffener

n dq =2

tg:=15mm bsl = 120:mm
n$:3

endpost := 1

Area Agi=tgbg+40t w2
2
tgb
GC eS|:= s7d
2A gy
Second t ob.l
moment | o= $7d _Aged
s d*d
of area 3
I
Panel length a:= w
nst‘l'l
3
2 4
h ng-l
(5.99) k,a:9<_w>- |
a/ lt.2h J
w w
1
3
21 [nglyl
(5.99) K7 smife —
tw hw/
o \
(5.99) Ky st"f<kr «<K7 stmin'K 7 smin k7
2
hy!
(5.97) k ;=534+4.00 —/ +K g
a
hy [f
(5.96) PR 0.81 _wofow
Kk, tw E
Whole panel A wiob A w
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A4 = 1.08-10%mm?

egq =10-mm
| g = 7.56-10%mm”
a=1-10%mm

k, & 65916

K7 stmiry 2748

k, & 65916
k

= 87.256

A 70823



Sub panel

h
w
Depth hqai=—0
1773
h,\?
(5.98) k ;= 4.00+5.34:| —
a
hq |f
(5.96) )8 LW
Kt E
T
Sub-panel A wsE 4w

h 1 = 667-mm

k ;= 6.373

A 70823

A wsub =1.016

A wiot 0823

The larger of the slenderness paramete,yo for the total panel andigyp for the sub panels is used. If

Awtot > Awsupb then the stiffeners are flexible else the stiffeners are rigid.

A W’if<’1 wtot>4 wsub' 4 wiot WSUb>
Table 5.12 v if[ 4 ,>0.949, 132 , 048
166+4 A
Table 5.12 |f<p SN V>
Table 5.12 if endpost=0,if o > 0'48,%,/0 V\,p v
wi ow
Fow
(5.95) Vwrd=P $whw
Y M1

Alternative 4 = transverse and longitudinal intermediate stiffeners

. : \
Weight Mass, = <h wiwlwtngbgtghwtngtybgly sov
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A v7 1.016

p 7 0.493

p 7 0.493

_ 3
V \yRd = 4.78:10%kN

v Rd, = VwRd

Mass, = 380 kg



5) Shear resistance contribution of the flanges added to girder 4

[

The panel is at the end of the plate girder

. Then the bending moment is neglected

Flange thickness and width t¢:=50-mm b ¢ := 750-mm
Yield strength of flange plate f of == 355:-MPa
Design shear force V g = 6000-kN
Design bending moment MEeq=VEg!w
\ Fof M
(5.101) Mg =bgts(hy+ts— Ed _ ) 067
/M1 M fRd
(5.101) c=(008+—m——— a
o f
twhw ow/
2 2
bets T of MEqg
(5101) VfRd =iflM Ed<|\/| fRd ° 1= ,0
¢y M1 M fRd
Sum

VRd5:=VwRd+VfRd

Example 5 = inclusive shear resistance contribution of the flanges

Weight
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Mass; = (hytyly+ Ngbegtghy+ngtgbgly) sv

_ 4
M gg = 2.4-10"kN-m

M frq = 2.48L-10%kN-m
a=1.10%mm

c=217.5-mm

VfRd = 178.626°kN

_ 3
V Ry = 495510°kN

Mass; = 380 kg



6) Corrugated web

S > =
Web depth hy = 2000-mm MPa := 1000000-Pa
Web thickness t\y=12:mm kN := 1000-newton
Total length of web panel '\ = 4000-mm

0,2 proof strength of web plate material f ow 1= 355-MPa

Ultimate strength of web plate material f uw = 470-MPa

Elastic modulus E := 70000-MPa
Trapezoidal web: b o= 140-mm b, = 140-mm
b g := 400-mm h ¢ = 100-mm
Sy = J[(bd— bg- bu>'0'5]2+hc2 Sy = 116.619-mm
Partial coefficient y mf 1l
Fuw
Table 5.12 n =04+02—— n = 0.665
ow
Local buckling ofb_, b, and b,
Max width b= if(bg<b b y.bo) by = 140-mm
bm= |f<bm>sW,bm,sW> by = 140-mm
b, |f
m | ow
(5.96) Ay 03— |— -
tyA E A 70291
Table 5.12
Non-rigid o wiflh <22 048] 7 = 0.665 p 70665
end post n 4w
fow 3
(5.117) Vawrd =070 $whw V wRq = 3.604:10°kN
Y m1
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Trapezoidal web, widthby

Area

Gravity
centre

Second
moment
of area

(5.122)

(5.121)

(5.120)

(5.119)

(5.118)

Min

Weight

A= bo-tW+bu-tW+2-SW-tW

botyhe+2Sytyw05h,

eqc = A
2
lyi= |bgtyh e+ 2-sW-tW-h—C—A-e CZ\-i
3 Sy
by tw3
= :
2 b,+bg+2s, 109
1
60-E 3\4
Voer= h_'<| zlx )
w
_ hwtwTow
A owr v
o.cr 0.7:p \70.465
060
o = . .
08+ 1 ow2 X o |f<)( 0”070 ,O7p X o
f
ow
VoRd=X Hwtw
VY M1

i A
VRd, iV wrd®V o.RdV o.Rd Y wRd)

\
<bu+b0+2-sw/ .

Mass; := tw!lwhw Spv

by
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A = 6.159-10°-mm?
e 9c = 50-mm

Iy = 2.683-10%mm’

|, = 123.554emm"

V. . =1.468-10%kN

o.cr

A o 0.762

X 0435

_ 3
V o rq = 3:366:10%kN
VR, 3.366-10°kN

Mass; = 296 kg



) resistance
Increase in
VRq resistance Mass ~ Mass g

i= 1000kN f= Mass,  Mass |
1) No intermediate stiffeners  t 4 g = 15-mm | 1)[2.711 1 1 1
2) Transverse flexible stiffeners - | 2][2.997 1.106 1.09 0.986
3) Transverse rigid stiffeners 3| 4.01 1.479 1.198 0.81
4) Transverse rigid + longitudinal stiffeners 41\4.777 1.762 1.318 0.748
5) Transverse rigid + longitudinal stiffeners | 51[4.955 1.828 1.318 0.721
+ contribution of flanges 63366 [1.242 1.026 0.827

6) Trapezoidal web ty = 12.mm —
fow

"No bUCinng" \Y 0.Rd = /7h Wt wl 5 Vv 0.Rd = 6.436-1000-kN
-y

M1

Comments

The second column gives the increase in shear resistance compared to girder 1 when adding stiffeners.
By adding both transversal and horizontal stiffeners (5) the resistance can be almost doubled.

The last column, "weight per resistance" show that stiffeners give lighter girders, but the comparison does nc
pay regard to the cost for welding of the stiffeners.

The contribution of the flanges (girder 5) increase the resistance with= 3.7-%
compared to girder 4

Torsten Hoglunc
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