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Abstract : In this paper, it performed to the elastic-plastic large deflection series analysis using the experimental model and predicted a failure
mode and ultimate strength. The collapse mode of numerical analysis model is formed a plastic hinge on loaded flange and consistent with the
collapse mode of experimental model. Also, The yield line is formed in the web could observed that have occurred the crippling collapse mode and
the ultimate loads of the experimental model and numerical analysis model have — maintained linearly Means 1.07, Standard deviation 0.04,
Coefficient of variation(COV) 0.04 and the result of ultimate loads have appeared approximately 8% error rate. it was found that very satisfied to
the experimental results and the applied rules. if it is considered to be maintain a reasonable safety level, it is possible to predict the failure modes

of aluminium alloy plate girders and ultimate loads.

Key Words : Plate girder, Patch loading, I-type welded girder, Collapse behaviour, Ultimate load

* First Author : yochoh@mmu.ac.kr, 061-240-7476
* Corresponding Author : kojy@mmu.ac.kr, 061-240-7305

- 218 -



o
N
i
ofl
tlo
43
iy
2
u
=
o
EE‘)‘J
il
i
Ry
o
[m
2l
in
Lo
o

y
2
A
2
=
=

ol mlM
=
o
ul
Y
inj
rr
e
I-HZ
)
o

!
El
o
fo
0%
I
£
(m
_—%,
o2
I

m

-
we BN ool ey
it
fo
re
o

e

of K
¥
i}
Y
ot 4y o

rQ o
of\
N
ol
ol
2
32
O
-9
v
o T&

|
Y
rlo
o
B
il
>
>,
oo
_0|L
Mg
o)
o2
2

i}
02
rol
2

n
o
ofo
Yot
i)
o
ox
oy

BN
o

=
offt it

ok
2
==
=
&

L E
o
ox o g
oz

o 2
=
1>
oX, |
_E
+
BN
o Mo
ot
oty
Iy

o2 & i
fru

S
old
ol
o #
BN

o
ob
o

= o

& o &

>

B
:.ol:',
Y

o
ol
ol
X

A=}

jatad
5

[0
-

f
ox
o
+
o

r
ol

oy &
U
o
:Czljl
o2
et

Mo = o o rfr on ot

X

Ho

N

o

i

2T o g
) ﬁ to g
Ho

ofo *
P» 2
o, v _U (NJ
tlo o ox

B & o
Moox Me =
o,

LT
N
=
D)
ki
ol
o
k]
20
T
ol
o
D)

X,
odt
J
UN
o,
i)
(<0
ol
>
52
o
L= J =)

7}8 7 st HER

Aele B3 (Heat Affected Zone)i= “Z4Aol H|s] Yo
B2 dJFFI HFsteol vA = dFe] A L@
A dF g e AEE A7 BAY &9 B
o (%) WEoz &3dr). Agd =, gy Zddel, I¥

53 ge F2Be @ B A 5o pAse 9oy
s 3

H

i

ofl
2

i
nore
2

-

rr
N
P
&
b2t

A

Lagerqvist(1994) 5l <]3l] 7]
H S = (Europe code) 5ol WFF o %
21t} Robert et al(1998)= <FrH
g E2ld 2y At & HA3S
2 F2HS A43s3ith Unosson(2003) ~®lQlE] 2
ZHolE A dig A} A S
SO ol RS Wi EeF &
. Gozzi2007) = AA7HA] Aol gd A
AT 7= 7Nke R FEolE A 7]
Y3tk B oo A& Robert et al(1998)7}F &=
3}, AJS+2], EN 1999-1-1(2007) 239} W& &
91 ANSYS vI4.55 o] &3} vhAaA tiw
33 A7E v HES dFuE I 2

ReRss AFRE 5AL Sk

ool
=)
2
ol
o

o\
%

ol
o

y Mo

2

ks
r

o

e
N Bt AN

2>
ACh
ol

m o> 1> @ X 92 32 of

o K i o Ho &

fru
e}
)
o,

)
n)
1o,
“

7]

P
6
4

N
0
il
kU
In
iz
X
=l
M

[es]
Z
N
& =
o
&I
[\®)
S M
g
R o
Fﬂml_l
Eu&"
g
8 &
N
B
§oﬁ
2y
-3
w
TR
1%
“mﬁ%m
.
£ 2
> N

o (o
ol

E

1999-1-1(2007)°l1 4] Ramberg-Osgood™
& 33 e, A3 AT ng AN HERR AL T o]
offF®= A2/ w¥ A =(Plastic bending resistance) M, 5
Qo= &I 7MW, W2 S EHA SR

]1:_]_—?4__7‘-”_};% ‘O/]D]s]—uq 0[7\[1’10: %63% %‘i}%

o Ix o ot

B

oX,
o

o )" In2
— ,n=

foa

o

. I . _
Steel: M, p,= %le, Aluminium: M, p; = oy VVP,j

@

resistance of transverse forces) Fp,o 3 X 290l ojgk 4

ES ¥ Hewe AR
factor) x V2R FEAHOZ A A4 7 E(Plastic

Vel S glom A@zt A3l AFee 718k 2 71 A &
BAR AEe 1= 2 U B ateld] AdE 23
sk 4= glvt. A7 9=(Slenderness) A= 2(6)T A7)l <2
A AEsky A®RFE 78 ¢ v AR
= AEHRE ALY BAZ E8ET 92 vk £ Q)
v}, #7142 (Buckling factor) k= 21002 YERE 5= 9l

A7, v T BAA FE orlsta vk

o

=
T

f()’l )
Transverse load resistance: Fip; ey = XFl, 5 i (3.a)
M
. XF'F’U
Transverse load resistance: Flpy ey = 5 3.b)
g

- 219 -



X

i

)

o - AR

Table 1. Geometrical proportion of 81 tests according to literature reviews

Author Year | No. of tests Tt F o a/h, b/t S./h, S./a
Skaloud and Novak 1975 5 0.84-1.14 1.0 400 0.1 0.1
Drdacky and Novotny 1977 8 0.92-1.07 1.0 74.81-168.07 0.1 0.1
Bergfelt 1979 5 0.90-1.11 1.0 193.23-400 0.05-0.1 0.05-0.1
Roberts 1981 26 0.98-1.59 0.8-2.4 81.96-505.05 0.06-0.2 0.08
Roberts and Markovic 1983 10 0.9-1.27 1.0 50.25-166.11 0.0-0.2 0.0-0.2
Roberts and Coric 1988 5 1.04-1.52 2.0 76.92-193.88 0.13 0.06
Lagerqvist 1994 9 1.01-1.1 3.6-44 50-115.8 0.09-0.34 0.02-0.08
Unosson 2003 5 0.95-1.16 3.7-4.42 45.55-106.92 0.09-0.33 0.02-0.08
Roberts and Shahabian 2001 5 0.75-1.39 1.0-2.0 146.34-281.25 0.05-0.1 0.05-0.08
Gozzi 2007 3 0.95 2.0 203.39 0.16-1.2 0.08-0.29
Granath 2000 146 0.76-1.5 1.0-13.8 40.59-400 0.0-0.4 0.0-0.2

Note: f,=Yield stress of flange, f,,=Yield stress of web, a=Length of web, h,=Height of web, ¢, =Thickness of web, S;= Loading length

Effective loaded length: I, =S, +2-¢/(1+ y/m; +m, )< a (4)

f of'bf _
i m=oefefo

if Ap = 0.5 otherwise m, =0

Dimensionless parameters: m,; =

Slenderness: Ap = ? 6)

Plastic Resistance: F, = f, [, 't, @)
B
Critical load: F,, = 0.9k Eh—“ ®)
. 0.5
Reduction factor: x = bW <1.0 C)]
r

ho\2
Buckling factor: kF:6+2'(7w) (10)

h”)2+(544 b 021)
) Tlpa021)y

kF:6+2-(
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Table 2. Details of the aluminium alloy test girders and results

Girder afmm] | A [mm] [ t,mm] | bfmm] | #[mm] [ o, [Nmm’] o, [N/mm’] E[KN/mm’]
AG1-P1 900 900 3.2 175 12.62 270 309 70
AG2-P1 900 900 3.2 175 15.6 270 309 70
AG3-P1 900 900 3.94 175 12.62 261 309 70
AG4-P1 900 900 3.94 175 15.6 261 309 70
AGS5-P1 900 900 6.14 175 12.62 278 309 70
AG6-P1 900 900 6.14 175 15.6 278 309 70

Note: a=Length of web, h,=Height of web, ¢,=Thickness of web, b,=Width of flange, ¢;=Thickness of flange, o

web, ayf=Yield stress of flange, F=Young's modulus
Eeflo)= Aule ¢
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Table 3. The ultimate resistance according to mesh size

Overall Mesh[BxH]

Ultimate Load[N]

Element Number[EA]

25%25 94,811 4,736
25%12.5 86,167 15,912
25%6.25 83,545 39,040
12.5x25 89,086 10,672

12.5%12.5 85,938 18,016
12.5%6.25 83,256 50,048

6.25%25 88,197 21,952
6.25x12.5 84,099 31,744
6.25%6.25 83,186 72,064
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Table 4. The ultimate resistance according to element type

Element Type

Overall Mesh[BxH]

Ultimate Load[N]

Shell 181
Shell 281
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Table 5. The ultimate load according to element rows in HAZ

Rows of Elements | Overall Mesh[BxH] Ultimate Load[N]
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Table 6. Comparison of experimental and numerical and theoretical results

Girder Pexp[kN] Prea[kN] Pexe/Pria Pexp/Puna[Closed form] | Pexp/Pr[EN 1999-1-1]
AG1-P1 72 71.12 1.01 1.00 1.51
AG2-P1 76 75.41 1.01 1.00 1.53
AG3-P1 105 96.58 1.09 1.03 1.49
AG4-P1 113 101.85 1.11 1.05 1.55
AG5-P1 228 208.06 1.10 0.98 1.33
AG6-P1 234 217.26 1.08 0.96 1.33
Mean[AG1-AG6] 1.07 1.00 1.46
Standard deviation[AG1-AG6] 0.04 0.03 0.09
Coefficient of variation 0.04 0.03 0.06
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