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Progressive collapse analysis of a steel truss bridge under major earthquakes
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An earthquake response analysis has been carried out for a deck-typed steel truss bridge, the
gravity center of the deck being far above the gravity center of the truss girder, by using the
standard Lewvel 2 ground motion. This analysis is a dynamic analysis that considers progressive
collapse with both material and geometrical nonlinearities being taken into consideration. In this
paper, an analysis method of progressive ollapse is proposed and the nonlinear seismic behaviors and
members damage sequence of the steel truss bridge are investigated by this analysis until collapsed
state.

Key Words: progressive collapse dynamic analyses damagesequence  steel truss bridges

1) 3 9

49

6)7)

9 -1
56

—293~



166,000

500 37,500 , 90,000 37,500 500
i o
M
g of M
b . SSA00 [sM4g0Y 83400 3| B
. | =
=

3,000

mm
| 2x7,2000=37,200 12x7,200=20,000 Dx7,900=37,200
@
10,750 -1
£00 7.250 2,000 400
=50mm 166.0m
37.5m + 90.0m + 37.5m

4 t=200mm 9.75m

& [ ] 0.85
2,200 ‘ 2,800 ‘ 2,200 0.74 0.72
1,100 g,400 1,250 0.54 0.53
0.63 0.61

mm
®
1
3.1
-2
3.2
n n+1
-3
n
n+1 1 )
n+1 n+1
n Kn+1 ( )

—294-




n+1

3.3
K. 1{od"}={P,.}—{Q. 3 ={R"} @
{5d}* = {6d3I* ! + {Ad '} @
[K,] itration {P..}
n {Qek} itration
{R¥} itration
{&d*} itration {Adj}
itration n
-4
®
‘ {R } { n+1} |< (3)
{AP}" {d }
{dn} {dn+l} n n+1
{AP} n
&
|R | /|aP| <
(&)
(&)
3.4
5
1
Yo ()
M
M
( -6()
Ky u
M K,u
F M P =—M-y,(t)

—295—

Ke & d
p /’
r ® Rl
RO
.
d
s dda
-4 Newton Raphson
==
Y Y

@

¢

®

A
| F =0

Kou(t+A t) ; ; % %7

Mu(t+A t)

N

P=-Myq(t)



Mi+Ku+F-P=0 @

-6(b)
F F
A
Mi+Ku+F' -P=0 ©)
t
F F
-6(c) T
Au(z), Au(r),Al(r)
u(z) =u(t) + Au(r)
U(z) = U(t) + Au(z) ®
U(r) = () + Ali(z)
r G F=0
Mii(r) +K,b(r)-P=0 U]
T
©®
M (ti(t) + Ati(7)) + K, (u(t) + Au(z)) - P =0 ®)
Q)
MALi(z) + K,Au(z) = P — Mii(t) — K u(t) = F’ ©)
.
Au(zr)  Ali(z)
Au(z), Au(z) ©6)
U (0) = u(t) + Au(0) = u(t) (10)
(0) = u(t) + Au(0) = u(t)
Au(0)=0 (11)
Au(0)=0
©)
11) Au(z), Ati(z)
u(t), u(t)
F T O
T 0 ’
0

F'(=P - Mu(t) - K,u(t))

3.5

—296—

v v
( )
v
( )
v
vV v
(
v
v
v
v
No
Yes
Yes
No
v

Yes ¥

e




®

4.1

€y
3.4 -3

@

@2 )
4.3

4.2
)

-8(a)
()
2F 1
u(t,x) = +—
n:l%;,s-- I pnpA
n=15,9,
Pn

o - (nﬂj El
" I PA

@

sin

sn1(pnt)sin(51%?5)

n=3711

ﬂ At 1
e =0 o
I< >| = <KAE=001

002 f Q\
001

S SR

-0.01

-0.02

-0.03

4.3
(12) o
(13)
®
1

—297-

(sec)

100N

6)

6)

-10(@)



@

T (14)
T=2x m
k
k 12
1.26
5.1
5.2
@
(15) (16) Eu

g, 0.24

-0.0003
-0.0006
-0.0009

-0.0012

-0.0003 \
-0.0006
-0.0009

-0.0012

0.0012

0.0009 / \
0.0006

0.0003

0.0012

0.0009

0.0006

0.0003

450mm

B 2.8
5, (R —02F° W+ N/N,F* L+ N/N T

02 R 07 NNz00 10
Ry NN,

(14)
0.89
RC
3) @
< 20.0(15)
(16)

—298~

-12

FEM
FEM



5000
4000 A FEM -
/A
Z 3000 _
= /
2000 :
1000
0
0 0005 001 0015 002 0025 003
(m)
-13
FEM
E/100
3
®
-13
FEM
)
FEM
A
FEM
FEM
A B -14
A
B
(16) A
H
9
6.1
-15(2)

—299-

(

@ A

®) B

®
©

10)

-16

4 5

kN/m’)

CONTOUR-LEVEL
3, e0hie 05

F A000e+05
3. 2000e+05
3, 0000e+05
2, 8000e+05
2. e0hie+ 05
2, 4000er 05
2, 2000e+ 08
2, 0000e+05
L, 20000+05
1.8000e+03
L. 4000er05
1. 2000e+05
1, G000e+05
. 0000etr 04
6. G000er0d
4., GH00e 04
2, 0000e+0d
0L GR0Re+ 00



440mm

I%00

20y

430mm

©

®

~
o
N
L

q

[

600 T T T T T

6.2
500 |- _

NS 400
NS 300

(kN)

) 200

) 100

9 0.02

4)

=300~



0.6

E; 04 ! Gl L
0.2 s O % A :
0
-0.2
-0.4
-0.6
0 1 2 4 5 6 7 8 9 10
(s)
-18
0
7.1
o = -5000 = i / ~\7
=3
-10000
18 — XJ
X
-15000
3 4 5 6 7
(s)
-19 P2 61 )
@
X
a) Gl P2 Gl
G2 -19
Gl
b) Gl A2 404
G2
C) G2
G2
G2
(©)
G2 -18
-20
d) Gl
a) A2
-7 -20(a)
b) G2 P1
Al O Al
15
Gl G2
(®)
0P1L Al
©
d)P1 Al
@

=301~



4.04
NG|
()
@
e \
I/ \.___
rooTTTTTo 1
: G1)4.00s |
[} [}
@ L e
5.06
/\\ | \\
IO~ s N\
ol Tsmmm e TRe— e N
! (61)4.86s | | == Tmmommmoooo 1 i
! Gl)4.925 1 | (61)4.88s | : (G1)3.925
- [}
S b (61)4.925 | ! (62)5.00s
[} [}
b | (62)5.06s
- _ _ ______
®
5.66
/ j
/\\ |
.’"'/ Nromomees ‘u\:‘t:\
! (62)5.14s | L‘\“‘\““““"":
[}
i (62)5.40s | (62)5.14s |
T i (62)5.24s |
©
P aVaVaVal VN NN
6.40
'7*:% ‘\j N
! ~ ==
:___I \___________I v:\:\\\ ——
| (GD5.98s | |- TTemmomo-oooy
[}
i (626.20s | | (62)6.20s |
I.__________________I S
@ O
[
-20 1
A2 ®
P1 Al -7
A2 P1 Al
P1

-302—



==

<

-21 1
300
200
100
-100 /
-200
-300
— -0.02 -0.015 -0.01 -0.005 0 0.005 0.01
@
®
5000
4000
3000
2000
= 1000
= 0
-1000
-2000
-3000 @
-4000
-5000
-100 -80 -60 -40 -20 0 20 40 60
(mm)
© @ © O
=22
a) -18 © @
6.3
b)
10 10
A2
-21 A2
A2 P1 P1 Al -21
Al
7.2
9 2
()
@
A2

®

@

-303~



FEM 1()

©)
( ) 2003.10.
2
( ) 20033.
@ E) ()
: , 2006.9.
4) : : :
©® \bl.49A, pp.531-542, 2003.3.
5)
No.73L/ -63 pp.31-49 2003.4
6) : : : :
, \OL.52A,
pp.413-424, 2006.3.
7 : : :
\bl.53A, 2007.3.
8 1981
) . :
, \bl.53A, 2007.3.
10) 2002.3.

2007 9 18

-304-



