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Previous research activity 1.

Patch loding resistance of girders with corrugated webs

Based on previous investigations from literature

l

Numerical model development
Numerical parametric study

(parameters having influence on the
patch loading resistance)

v

Modified analitical design method
R = RN + Rf —
pEsi, [, [k, +20/4IM

B, [T,

plf
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Previous research activity 2.

Fatigue tests on girders with corrugated webs

Experimental program: 6 large scale specimens
(L=6750m; h,=500mm; t,=6mm; b=225mm;

t=20-30mm)

w Test arrangement: (3 and 4 point bending)

e‘ll Fatigue class determination of the structural
‘ - ov ’ ‘\ detall = Trapézlemez gerincil tartok faradasi kisérleti ¢lettartama

5 103?:7 ¢s faradasi osztalyba sorolasa

Ao [

10° 100 210" sxi00 10 10° N [db]
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Patch loading tests

Experimental program: 12 test specimens

Aim of the tests: 1. Fatigue test girders could be used.

2. Determination of the patch loading resistance
for different geometrical arrangement.

3. Verification of the previously developed modified
design method.

Test arrangement
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Patch loading tests

Test specimens

N h,=500mm

t,=~6mm
b~=225mm
t=20mm; 30mm

alpha=39°
a,=210mm
a,=212mm

Vv

| 225 |

<
20-30

500

T
1200 | 1140-1500-1875 1200 |

An alyse d param ete rS inclined fold parallel fold

20-30

1. loaded fold (parallel, inclined, corner area)

2. loading length (90mm, 200mm, 380 mm)
3. span (1140mm, 1500mm, 1875 mm)

4. flange thickness (20mm, 30 mm)

5. loading eccentricity
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Patch loading tests

Failure modes: - loading length
- loaded fold
loaded fold: parallel fold loaded fold: parallel fold
loading length: 90mm loading length: 200mm
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Patch loading tests

loaded fold: inclined fold loaded fold: inclined fold
loading length: 90mm loading length: 200mm
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Test results

loading length flange thickness
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Comparison of test results and design method

Developed design method: R=R +R. =

I plss(, (T, (k, +20/4M , (81T, (F,,
Test results
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FEM based design method

Research strategy:

1. FE model development for all test specimens

Experimental patch loading resistance <— numerical calculations

(2.
— 4 3. Experimental failure mode «—— numerical failure mode
4.

Experimental load-displacement diagram <—— numerical analysis

— 5. Verification of the numerical model

6. Recommendations for equivalent geometric imperfection

Aim: Determination of the design value of the patch
loading resistance by numerical simulation

Problem by FE calculations : — imperfection form

— imperfection scaling factor }_l

Recommendations developed
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FEM based design method

1. Numerical model

2. Comparison of test results
and numerical calculations

Rewp [N | R ] | AR
1. specimen 754,20 771,08 2,2
2. specimen 956,48 1044,18 9,2
3. specimen 764,75 769 0,6
4. specimen 949,02 969,054 2,1
5. specimen 1192,01 1201,24 0,8
6. specimen 1119,33 1155,901 3,3
7. specimen 1077,72 1093,58 15
8. specimen 1263,94 1285,4 1,7
9. specimen 1220,48 1250,34 2,4
10. specimen| 1090,00 1120,4 2,8
11. specimen| 1280,99 1314,078 2,6
12. specimen 772,39 781,05 1,1
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FEM based design method

«—> numerical model

: AN
NODAL SOLUTICN

Nov 3 2008
FIEESL 16:11:37
SUB =42

TIME=. 466473

ux (AVE)

REYE=0

DME =17.795
aMN =-13.337
8MZ =15.525

-13.337 -6.923 -.509592 5.904 12.318
-10.13 -3.717 2.697 9.111 15.525
gerll

: AN
HODAL SOLUTION

Nov 2 2008
JrEESL 09:10:10
guUB =33

TIME=, 370664

ux (AVE)

RaYE=0

DM =33.535
SMN =-Z0.456
sMZ =Z4.048%

-20.456 -10.566 —.675961 = 197104
-15.511 -5.621 4.269 14,159 24,049

gerd
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FEM based design method

3. Experimental failure mode

“—>

numerical model

HODAL SOLUTION

STEP=1

sUE =28
TIME=L1

ux (Av6G)
REVE=0

DME =29.93
SMN =-28.224
HMX =11.034

AN

woy oz zZoog
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———————
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4. Experimental load displacement diagram  +«——

FEM based design method

Specimen 5

onn

JUU

800 -

F [kN]

numerical model

measured: - deflection
- lateral displacement
- applied force
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L 200}
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FEM based design method

Observations in the experiments: Different post-ultimate behaviours

Experimental load-displacement

curves

Numerical load-displacement
curves

Load - deflection diagrams

——specimen 2
——specimen 3
——specimen 4

specimen 5

el el

< N

iz
/// !

2

Vi
0 1

e [mm]

|

Load - displacement curves
from numerical calculations

1000
~ ( > 566
N\
\ 800 +
700 ~
| —— imperfection=0mm 6
| | —— imperfection=0,33mm 5
—— imperfection=0,66mm

| | —— imperfection=1,33mm

| —— imperfection=1,66mm 3
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Reason: Imperfections
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FEM based design method ®a

Imperfection size effect
1000 (3)

300 —— imperfection=0mm | |
/ —— imperfection=2,65mm

ol / 3); (4)

0 1 2 3 4 5 6 7

(1) a, First yielding in the flange (if imperfection size = Omm)
b, Simultaneous yielding in the flange and web (if
imperfection size = 2,65mm) (5); (6)

(2) First yielding in the web (if imperfection size = Omm)
(3)- (4) 2 plastic hinges in the flange
(5) - (6) 4 plastic hinges in the flange
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Equivalent geometric imperfection

Type of
impertection

No recommendations for imperfection of
corrugated webs in EC3-1-5 .

Possible standardised R
iImperfection types

Aim of the research:
Based on executed experiments the
development of recommendations for

local panel or

equivalent geometric imperfections.
shape scaling factor I ‘/ |

Figure C.1: Modelling of equivalent geometric imperfections

8th Official Meeting of ECCS-TWG 8.3, 24" April, 2009, Stuttgart, Germany



Equivalent geometric imperfection

Possible shapes
1. buckling mode 2. ultimate shape

3. Sinus function based on EC3 subpanel
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Equivalent geometric imperfection

. . —ex 1
4. numerical approach of the buckling mode: f(x)=e E-J;m(t @375()
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Equivalent geometric imperfection

Parameter study —— influence of geometric parameters on

the m and k
parameters m k k = f(h,/a;ss/a) m = f(h,/a, SS)

h,, yes yes
t,, no no
o} no no
t no no
L no no
a yes yes oy
o no no h,
SS yes yes

t. 1]
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Equivalent geometric imperfection

SS
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Equivalent geometric imperfection
Falloff rate:

5 Falloff rate
.

?E< ; \ numerical results

:
27 <

hy, /a;
0 ‘ ‘ ‘ ‘
l 0 2 4 6 8 10

m and k are determined
1

4. imperfection shape: ~ f(x)=e tm E‘sin(% [k G70X)
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Equivalent geometric imperfection

Scaling factor determination for: 1. first buckling mode
2. ultimate shape
3. sin(x) wave shape

Experimental background: —— Imperfection sensitivity for all three
Imperfection shapes.

loaded fold: inclined

Imperfection sensitivity - specimen 3. ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

1060
TO0U

—e— 1. buckling mode

10400 T\
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F [kN]

ultimate shape 7 \
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/ Q80
/o/’/ . \\\
' 940 - [
920
4 con v e [mm]
-2 -1,5 -1 -0,5 0 0,5 1 1,5 2
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Equivalent geometric imperfection

loaded fold: parallel Imperfection sensitivity - specimen 7.
A A A AAAA A
: AMRSSSS
m

/ N \\0
\ 7//// / 1100 +

—e— 1. buckling mode

—=— ultimate shape

sin(X)_+- shape
experiment e [mm]
l ‘ ‘ 1600 ‘ ‘

-3 -2 -1 0 1 2 3

asymetrical behaviour

Compared to all tests results —  Necessary imperfection scaling factor
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Equivalent geometric imperfection

Imperfection scaling factor

600

| ultimate shape ]
500 - o 1: buckling mode

0O sin(x) +- shape

400 - u
©300 - - N
200 n — — — — — — — — — — p—
100 B
0 - ‘
1 2 3 4 5 6 7 8 9 10 11 12
specimen

Imperfection scaling factor recommendations:
sin(x) shape imperfection: a./200
buckling mode imperfection: a./200
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Equivalent geometric imperfection

Imperfection scaling factor

, contradictions

600
500 -
1400 -
% 300 |

200

100 -

0,

| ultimate shape
@ 1. buckling mode

:

0O sin(x) +- shape

3 4 5 6 7 8

specimen

10

11 12

Imperfection scaling factor recommendations:
sin(x) shape imperfection:
buckling mode imperfection:

a,/200
a,/200
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Evaluation
of ultimate shape imperfection

Unexpected cases: Ultimate shape imperfection gives the largest resistance.

First buckling mode Ultimate shape

. —.uupzaod -
. =.008285 =15.644

l |

Imperfection in more waves Imperfection only in 1 wave
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Evaluation
of ultimate shape imperfection

Shape by point (1):

Ultimate shape in different
load steps:

R
)

Shape by point (2):

.|, € [mm]
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Evaluation
of ultimate shape imperfection

scaling factors are not always comparable

Imperfection sensitivity - specimen 7.
1300
1250
/1200
z
=, 1150 -
LL
1100
/ 1T100
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sin(X)_+- shape
experiment d 3 e [mm]
‘ 1000 ‘ ‘
-3 -2 -1 0 1 2 3
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Summary

. Patch loading tests (12 tested specimens)
. Numerical model development for all test speciments
. Model verification (comparison of numerical model «— test results)

. Development of imperfections for patch loading of corrugated webs

4.1. 3 imperfections shape analysis

4.2. Imperfection sensitivity for different shapes

l

Imperfection shape and scaling factor determination

l

Proposal for FEM based design method
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Thank you for your attention!
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