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Abstract - In this paper, vehicle-bridge interaction analysis under a series of moving vehicles to simulate a lane load
was performed to estimate impact factor of the main cable, hanger and girder for the selected suspension bridges with
404m and 1545m main span. Korea Bridge Design Code(Limit State Design) was selected for the live model in which
KL-510 truck was modeled 6-d.o.f. vehicle and a lane load was simulated by a series of single-axle vehicles. For the
404m main span bridge, hinge-type and floating-type girders at the tower were considered to examine the impact factor
according to the connection and supporting type of the girders. The parameters considered herein are the types of live
load-a truck only and a truck plus lane load, eccentricity of moving vehicles, road surface roughness and vehicle speed.
The road surface roughness was randomly generated based on ISO 8608 and it was applied to the truck only. The impact
factors were also evaluated by using the influence line method that is commonly used in cable-supported bridges and
compared with those from vehicle-bridge interaction analysis.

Keywords - Suspension bridge, Impact factor, Series of moving vehicles, Vehicle-bridge interaction analysis, Road surface

roughness, Influence line method
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Table 1. Road surface class™

Road Pavement G, (92,)[10™ *m)]
Class Quality Geometric mean
A Very good 1.0
B Good 4.0
C Medium 16.0
D Poor 64.0
E Very Poor 256.0

Road Surface Roughness(mm)

-15 T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100
Distance(m)

Fig. 1. Example of generated road surface(Class B)
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Fig. 2. Live load models!?
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Table 2. Material and section properties of members

I;/;:Ll Member ( GEPa) A(m?) Iy(m4) Iz(m4)

g;llz 196.1]  0.04178 ; ;

404m | Hanger 127.5| 0.001043 - -
Girder? 205.9|  0.2949 0.1316 3.2667
Tower 2059 0.4771 0.246212 | 0.289961

ower

Cable |200.0|0287745~0305729 - -

1545m Hanger |140.0|000618~0011916 - -
Girder" [210.0 0980991 1.33342 | 61.8041
Tower? | 28.6 |  230~303 | 1344~10%40| 1259~7802

1) 1, and 7 are moment of inertia of steel girder with respect to
the horizontal and vertical axis, respectively.
2) I, and 7 are moment of inertia of pylon with respect to the

longitudinal and transverse axis, respectively.

128.0 | 404.0

@ ©@0®
/«@%Eﬁrﬁ ©_Q %Tﬂ\ﬁ@\@

(Unit:m)’
@-‘ Station number for evaluating impact factor

(a) Main span 404m

60
/@W@MWWHWWN o 9, QW%WW!M .0

L3360 | 1545.0 AL 3560
) (Unit'm)
@i Station number for evaluating impact factor

(b) Main span 1545m

Fig. 3. Configuration of the suspension bridges and selected
points for evaluation of impact factor
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Fig. 4. Support conditions of stiffened girder at the tower

Table 3. Angular frequency of the bridges

Main Span Vibration Mode | Natural Period(sec)
404m Ist Vertical 4.017
(hinge type) 2nd Vertical 1.967
404m Ist Vertical 4.156
(floating type) |  2nd Vertical 1.936
1545m Ist Vertical 8.666
(floating type) | 2nd Vertical 4.020

(b) Second vertical mode

Fig. 5. Vertical mode shapes (Main span 1545m)
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Fig. 6. Example of time history
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1 (main cable tension max.)

(a) Main cable tension force at center of main span

) N—
L (hanger tension max.)

(b) Hanger tension force at center of main span

WNMM

L (g}t der moment max.)

(c) Girder moment at center of main span

Fig. 7. Example of influence line
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Fig. 9. Evaluated impact factor of main cable according to
vehicle load combination
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Fig. 11. Evaluated impact factor of stiffened girders according
to vehicle load combination
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. 13. Eccentricity of vehicles from the center of girder section

0.054

0.04 4

0.034

0.024

0.014

0.00

—{— Eccentricity 0.0m
—(O— Eccentricity 2.1m

PYLON

a 0o
0o 5 | p—0

O- o - o <

ST O0————o0 ) o—f—Oo—

T T T T T T T T

1 2 3 4 5 6 7 8

0.06

Station Number of Main Cable

(a) Main span 404m(hinge type)

0.054

0.04 4

0.03 4

0.02+

0.014

{1 Eccentricity 0.0m
—O— Eccentricity 2.1m

PYLON

(]

———0O-

0.00

0.06

] O———o— O— —}—0—

o O— 00— 4 B 0 o
<

‘ ; : : ; ; ; :

1 2 3 4 5 6 7 8

Station Number of Main Cable

(b) Main span 404m(floating type)

0.05+

0.04

0.03 4

0.02 4

0.014

0.00

—{0— Eccentricity 0.0m
—O— Eccentricity 8.5m

PYLON

o] =

ol

S — ,5:@

T
1 2 3 4

T
5

T
6 7 8

Station Number of Main Cable

(c) Main span 1545m(floating type)

14. Evaluated impact factor of main cable according to
vehicle eccentricity

492 @Rz =23 A2 AST(ED A1323) 201449 109



011 PYLON
0.10 4 | —J— Eccentricity 0.0m
0.00 ] |_.—O— Eccentricity 2.1m
0.08 O\
s 0074 O
3 006 \\
“ \
0.05 \ /
: \ : \
g 0044 \ % \
= 003 \ Os /
Q.
0.02 4 \ \ / \8
0.01 ©
O
0.00 T T T T T T T
1 2 3 4 5 6 7 8
Station Number of Hanger Cable
(a) Main span 404m(hinge type)
o PYLON
0.10 4 | —[— Eccentricity 0.0m
0.09 ] L —O— Eccentricity 2.1m
0.08
S 0074
& 0.06-
w
5 005
g 0.04]
E om X
] o o
0.02 ] o\ e 0
0.01] \ //'D/
0.00 = ; T
7 8
Statlon Number of Hanger Cable
(b) Main span 404m(floating type)
e PYLON
0.10 4 | —[O0— Eccentricity 0.0m
0.09 4 —O— Eccentricity 8.5m
0.08 4
S 0074
|53
E 0.06 4 o o
S 0.05- / "
g ooa] o O—q /P
g o
£ 03l D\VD// \O\ /
0.02 4
0.014
0.00 +— : ——— P ;
1 2 3 4 5 6 7 8

Station Number of Hanger Cable
(c) Main span 1545m(floating type)

Fig. 15. Evaluated impact factor of hanger cables according to
vehicle eccentricity

1545m W EFO| S T Yol & A| 9|5t ot 9%
*1% AGE 2% o2 Aol & Bt sHH, A9

SAA G Fig. 160] Yl gl=dl, JA] o7& BH7} 9]
Xlow 2% oW 2] AfolE B},

QA Abula vhol 7o) 8y xjako] Bale] FAA o]
A= aEe T asheliu), ol MY o] e uay

028 PYLON
—{I— Eccentricity 0.0m

0.24 4| —O— Eccentricity 2.1m

0.20 4

0.16 O

0.12 \S\\ //E\ /
0.08 \\8// \
0.04 \

0.00 T T T T T 55
1 2 3 4 5 6 7 8

Station Number of Stiffened Girder

Impact Factor

(a) Main span 404m(hinge type)

028 PYLON
—[— Eccentricity 0.0m
0.244| —O— Eccentricity 2.1m
0.20
s
E 0.16
T o012 S\ O
3 RN
E Gosd 9<0\\ Q\f\g
0.04 4 \o z
o
0.00 T T T T T T T T
1 2 3 4 5 6 7 8
Station Number of Stiffened Girder
(b) Main span 404m(floating type)
028 PYLON
—{— Eccentricity 0.0m
0.24+| —O— Eccentricity 8.5m
0.20 4
S
g 0.16 4
[y
g 0.124
Q.
E 0.08 4 o)
= S o \
0044 g=— a1 5
0.00 T T T T T T T T
1 2 3 4 5 6 7 8

Station Number of Stiffened Girder
(c) Main span 1545m(floating type)

Fig. 16. Evaluated impact factor of stiffened girders according
to vehicle eccentricity

HREo| ,]a} oI gfo] UH_(,Z u]/\
P02 eyttt $HH, $9787F 404m wwFe] -
A 71 el el dAst e, $477t 1545m il

3] =827 A26d AST(EE A1323) 2014 10€ 493



A 71

A 25 2 B7HE o

T B= I i
Polo] SAAI= Fig. 180 Yetgl=tl, FA01ET * {-e-ntimetnod]| o Roadcisea| 17"
0104 A —O— RoadClassB
=gy wHR T} class C2 VA4S 271519000 = \\ —/\—RoadClassC
= 0.08-
W2 class A, B 27oM = 2] F7FA] A 9 3 9
- _ L 0.06 °
k41 7)Y AThect 2 B71E 9, \/
_ 5 - 0.04 4
s, wA7Ee] A4S Fg 190 AxeldEd, / N
- 0.02
/\] -1 157]— 14‘HH]—XI/\§ %75] 7_-”/\1._ 27}01_ E}_ 13] / \g 5
m}
0.00
1! floating— EmA=!S = LHRE ¢l A B ' 4 ; :
-+ tloat g type 0./] 74] == class ! 2 Statlon Numberof Hanger Ca%le :
of 2o M A 71 BB o Aol 2 3 : .
i} ) (a) Main span 404m(hinge type)
7F9 9101, hinge—typeol A= Th $1Xoll A4 483k 2 -
: PYLON
= ol —J RoadClassA |_—@— Inf.L.Method
‘L]’_E_ —‘;—]ME]‘ 0.104| “O—RoadClassB
—/\—RoadClassC
= 0084 A °
0.06 =l
O RoadClassh | —@—InfL.Method| 1OV 3 f\ / \
0.05 4| “O— RoadClassB 5 0.064 A
~/\ RoadClassC g ° ° o\ o— 1 ® P
= 004+ E 0044 \ D\A/ A \.
% QQQ%@ /aj,/_;ége \ /
s o e 8—T—0 oe—o 002 W © o
£ 0034 D\ /8/
o I~
é 0021 0.00 +—— = T N, & g
- ! Stanon Number of Hanger Caable 7 8
0.01
000 (b) Main span 404m(floating type)
' 1 2 3 4 5 6 7 8 012
Station Number of Main Cable 1| -0 RoadClassA || —@— Inf.L Method PYLON
. ) 0.10 4| —“O— RoadClassB /A\\A
(a) Main span 404m(hinge type) ][ =& RoadClassc /
L 0084 A
0.06 PYLON 3 I
—[} RoadClassA || —@— Inf.L.Method 8 006 A
0.05 | ~O—RoadClassB 5 - /O
—/\~ RoadClassC é 0.0 .//.,ie/;\ ol .
5 004 = J O\\ — AN
I a——pa——9 9 ¢ | 9__——6——0 © . -
o Bt ox] o \epd
§ 0.02. 0.00 +— . o . .
= ! 2 Statlon Number of Hanger Ca%le 7 8
0.01
(c) Main span 1545m(floating type)
0.00 T T T T T T T T
! 2 s 4 5 6 7 8 Fig. 18. Evaluated impact factor of hanger cables according
Station Number of Main Cable
to road surface roughness
(b) Main span 404m(floating type)
0.06 0.30
4| - RoadClassA | —@— Inf.L.Method preon [ RoadClassA |_—@— Inf.L Method EXEON
0.05 4| “O— RoadClassB 0.25 —O— RoadClassB
1| =\~ RoadClassC —/\— RoadClassC
5 0.04 5 020+ N
S ° 1 A P
6_: 0.03 | £ 0154 O\ A/o\ /Q
3] | © O A
© ]
£ o002 g o104 .\%§§‘4ng o .
_ ] o
0014 e——e—o—0——0——o o o 0.05+ e \
[——— O 14} & y
000 T T T T T T T T 000 T T T T T W\“ T T T
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Station Number of Main Cable Station Number of Stiffened Girder

Fig. 17. Evaluated impact factor of main cable according to

(c) Main span 1545m(floating type)

road surface roughness

(a) Main span 404m(hinge type)

Fig. 19. Evaluated impact factor of stiffened girders according

to road surface roughness

T zers =87 A26d AST(EY A1325) 20144 10Y



0.30
O RoadClassA |_—@—Inf.LMethod| YOV
0.25 4| —O— RoadClassB
—/\— RoadClassC
5 0204 PN
o
£ 015 o //A \
& A /A/ \
g o10d 8 =0 \
= 2 /éff/ﬂ\ L °
N
O op—=0 N
0.05 4 \ // o1 \\
0.00 ; . ; : : : . o
1 2 3 4 5 6 7 8
Station Number of Stiffened Girder
(b) Main span 404m(floating type)
0.30
PYLON
—[0— RoadClassA m‘
0.25 | —O—RoadClassB
—/\—RoadClassC
A
N 0.20 4 /
o
©
L 0154 /
° /
g /
o
£ o104 A A A N
e e N
0.05 4 - 0= 0N
Q ’6<D . o — ;/ \g
R
0.00 ; . . . . : . :
8

3 4 5
Station Number of Stiffened Girder

1 2

(c) Main span 1545m(floating type)

Fig. 19. Evaluated impact factor of stiffened girders according
to road surface roughness (Continued)

4.4 NF 259 FY

|

Ao FREE T W] SAA | 2 Y vA=
25 Qlolt), B QAo Tefd S SR 60, 80,
100, 120km/ho]H, EI:UL_Ef class B 27 118s%h

WA, FAlE9 FAATE Fig. 200 Ueh =t
S 71 M0l e 2 Sbston, 5015
O} 7F 404m hinge—type WS A A= floating—type
of Hlal] 2k 2 100km/h ©]442] HrofA & £O0=2 F
7Fskict, v, 29k A7t 1545m floating—type W& A}
o o] ool Ao vlasisc), T, F 7
W] ATH= 2% 4 80km/he] ATte} A9 AL Ao
2 Ut

Wolo] FAASE Fig, 210) AR, FAALL
o sizol Wk AR ol Mol gaort Az
100km/h ©}/2] 7497} 80km/h ©|5}+] Z--of ulsf F Zk

£ B4}, E3] 9747 404m hinge—type n&9] &2

A4 floating—typeo| H|l £ HEZo] 7loH, =

o

R

—_—

d
A

A7 1545m WS FU47F7E 404m wFkof| vl L=
HE5o] 4 A2 Ay Bt B3 AF &%= 80km/h
i RS

g - AEE - Bl - Ay
of3h] 9oz A A B4 W Azbge] Apglo] iR
0] 7} S04 Gapalel ofe Avkat 2 Hrhul

sk, B4AY O] F47A45E Fig. 220 ek gl
Woje} nhirbA| 2 Aok Szo] whe} AR Foli HolA]

oFrot thAl 2 100km/h ©]/4d2] 97} 80km/h ©]5}2]

At 2 251, 0 gell Al A 59
737F 404m hinge—type W%FQ] 2 A|4~= 404m floating—
typeof B|3] L8 HEZo] 3 0‘11 S97%F 1545m 1L

= 01
g2 5781t 404m o] v £ HEEo] AR A

Aok, E3E weFo] 2|7kl AH¢lo] floating—type W2
Ao 41 80km/h ol3he] A9 ThRRe] H7} S1K/elA

Sl 71 Aatset 24 g7F =30

0.12

PYLON
0109 7 v v V——v v v
A, - A

. o008 A A A AL A A

S ——V60km/h || —7— V120km/h

L 0.064| O Vv80km/h || —@— Inf.L.Method

§ —/\—V100km/h
0.04 - ]

B o——o e —0——0—|—0 o——9
0024 o o) =i = o— g o o
0.00 T T T T T T T T

1 2 3 4 5 6 7 8
Station Number of Main Cable
(a) Main span 404m(hinge type)
0.12 PYLON
—O— V60km/h || —7— V120km/h
0.104 | ~O—V80km/h || —@— Inf.L.Method
—\—V100km/h

= 0.08-

[=}

g

w i S S —

b 0.06 v \Z‘eriﬂirz/ WX

©

g 004

= &—-090—80——8_— 8 06— 0 .
0.02 o—0ao— 00— 0 o—t—>0 O-— O
0.00 T T T T T T T T

1 2 3 4 5 6 7 8
Station Number of Main Cable
(b) Main span 404m(floating type)
S PYLON
1| O veokmm || 7 v120km/h
0.104| —O—V80km/h || —@— Inf.L.Method
11 =& Vv100km/h

L 0.08-]

o

°

©

L 0.06-

B

g i

£ 004
0.02

1 &=—0—090—90—0—r0—0—
0.00 T T T I T Tt T T

6 8

Station Number of Main Cable

(c) Main span 1545m(floating type)

7

Fig. 20. Evaluated impact factor of main cable according to
vehicle speed

A A6d AST(EE A1323) 20149 109 495



- 1 - P
Ao 23 gl ozt 4] FHAG F
0.14 PYLON
—[} V60km/h || —S7— V120km/h
0.12 4 {}szkm/h InfLMethod
—\—V100km/h
0.104
g °
S 0.08-] v
b E e}
S 006 @ —O v
g N
= 0044 A% O A
] ) [ ] O
0.02 4 D/i - o
) . /
0.00 T T T %\ T T T
1 2 3 4 5 6 8
Station Number of Hanger Cable
(a) Main span 404m(hinge type)
0.14 PYLON
—[1- V60km/h || —S7— V120km/h
0124} —O-Vv80km/h || —@— Inf.L Method
—/\—V100km/h
0.10
s
S 0.08
w
S 0.06-
g
= 004
0.02 4
0.00
Station Number of Hanger Cable
(b) Main span 404m(floating type)
0.14 PYLON
—O Veokm/h || =57~ V120km/h
01241 —O—v8okm/h || —@— Inf.L.Method
—/\— V100km/h
0.10
s
S 0.08
[T
§ 0.06
e
E 004 e "f/“&\g
0.02 Mi&g@ﬁx&
: °
0.00 T — —
1 2 3 4

Station Number of Hanger Cable
(c) Main span 1545m(floating type)

Fig. 21. Evaluated impact factor of hanger cables according to
vehicle speed

0.50 PYLON
0.45 ]| —O—V60km/h | —7— V120km/h
~O—V80km/h | —@— Inf.L.Method
0404/ _ A v100km/h
_ 035
o
£ o304
©
L 025
g 020 . A v
g 020 A
E 0154 / \ v, A M
0.10 .%e%b b
X o 8=~ °
0.05 N & Oi/u Y
B ° o \m
0.00 : ; T T \ T T .
1 2 3 4 5 6 7 8
Station Number of Stiffened Girder
(b) Main span 404m(floating type)
0.50 PYLON
0.45 ] —O— V6Okm/h | —<7—V120km/h
—O—V80km/h | —@— Inf.L.Method
0.40 4| _A— v100km/h
_ 035
o
£ 0304
©
L 0.251
g 020
E 915
0.10 .
.. o — | S 0O
0.05] %%gg\@zg ﬁf:@%DXQ
0.00 T T T T Y — T T
1 2 3 4 5 6 7 8

Station Number of Stiffened Girder
(c) Main span 1545m(floating type)

Fig. 22. Evaluated impact factor of stiffened girders according
to vehicle speed (Continued)

5.8 &

E AT A S99t 404m D 1545m0) @itof o
o Apf- s FeAgeiAE st 744 B S4A
TE Bk e, dA A ‘Eék%—% ihio 2 013494

0.50

] PYLON
0.45]| —O— Veokm/h || —7—V120km/h
] —O— vsokm/h || —@— Inf.L Method
0.40 4 _A— v100km/h
0.35 v
$ 030 / \
8 / A
w025 / /
§ oz /
g 0204 o/
E o1s] ol
1
0.10] - o
0054 ; 7
0.00 i :

Fig. 22. Evaluated impact factor of stiffened girders according

(a) Main Span 404m(hinge type)

Station Number of Stiffened Girder

to vehicle speed

3)

) el Astael £iolol 7ol 4901 vl =
2 1) i o) ey A Sl d Wofo] FAAGE

30]
AW 27 ﬁﬂﬂ‘”‘:} SHAIRE el Lol A JJEH"FJ

& Flehs Bt ARsteol 2= Afolng A

o) &< LA SAATE AZsFo] Z3hd 2 dis)

grlsl= Ao] da)Zolaty FohE )

T3 Ape] wAlo] wwke] SAA S| nAle FRFe

T oo B7t YA A 2% o= w]AskSiTh
wRRESE Lol et so] U At 44

St 24 F7kelgo Al M 1 gl o]

496 FRT2sE =2 A2 AST(ED A1323) 201449 109



a3t

(4) o] 27t S7Kb] uet FA0)B0] FAAE
Z71stld), 53] A3be] B2 megel A 1 Gego] &
Ao ekt @, suomiﬂﬂvu%— A
A2k 45 Hgeof| tia] AR o]k Hol 7] ekgkoL,
AR Sert wESE FAAsE 718 B3

floating—type .%o H|&l hinge—type jl_al:oﬂ A,
2]l A7Ho] g2 wEFo| A Sl FAA Y HE
Zo] & Ao & UEPT
(5) Floating—type W&o o} :=HEE class B, A}
%= 80km/h o|5}e] 2 oA Wk A|7tof whef A
o]0 2AASL 3%~ 0.5%, ol FAASL 6%
~4%, BAFAH FAA = 10%~ 5% 0] Tt
gt AlolEuwe FAA4 B7HE HB‘H &3] A
= QFA 7o Bt AAss A7) e o R
= st o, weba kA 71H 2 floating—type
o] A= A7) 2A(HRE class B, XFkd
I 80km/h) 2] Mo A 2L 7153 A0 2 Wyt Qir)

o] EEL 2012U% HR(WEIII|ER)Y AU
AFATAHGY o] FHOPIZATAY AMATAA YA
9] 7| R AZL(IA|HE: 2012R1IA1A2003942, THA|H: #Hlo]
B4 w2 W Arad 3445 B AP Y Ao
SaEglon, olo] ZAE YUt

T F¥(References)
[1] °]5-7-(2003) A=uLe] A= oA, mA =T 7=
Lee, S.W. (2003) Planning and Analysis of Suspension
Bridge, Hangisul, Korea (in Korean).
2] SHES010) R AAIE

HRgY - EE - WSl A

M

Ministry of Land, Transport and Maritime Affairs (2010)
Highway Bridge Design Standard, Korea (in Korean).

[3] tHRH==C2](2005) AlolE s A A7) 2 A,
tehE2o}s],

Korean Society of Civil Engineers (2005) Research on
Making Guidelines for Steel Cable-Supported Bridges,
KSCE, Korea (in Korean).

[4] Karoumi, R. (1999) Response of Cable-Stayed and Sus-
pension Bridges to Moving Vehicles-Analysis Methods
and Practical Modeling Techniques, Ph.D. Dissertation,
Royal Institute of Technology, Sweden.

[5] Hayashikawa, T., and Watanabe, N. (1982) Dynamic Be-
havior of Suspension Bridges Under Moving Loads,
Memoirs of the Faculty of Engineering, Hokkaido Uni-
versity, Hokkaido University, Vol.16, No.1, pp.1-12.

[6] A=g, A5A, AA21(1995) ﬁaz} LHREYE =

sh= afko|| oJst A Al Hne] AEEA, st
238 =2Al, = Ests], AI7H, Al1Z, ppll7-
123.
Chang, S.P., Kim, HK., and Suh, J.I. (1995) Self-
Anchored Suspension Bridge Vibration Due to a Vehicle
Load Running on Irregular Road Surface, Journal of Ko-
rean Society of Steel Construction, KSSC, Vol.7, No.l,
pp.-117-123 (in Korean).

[7] A2, 57 (2000) F=12] g2} G40
Zo] o3t £ So] v, FARTEE B, T
737233, A124E, Al1%, pp.103-110.

Suh, J.I., and Kim, H.K. (2000) Comparison of Dynamic
Response According to Anchorage Type of Suspension

= 0]5;

Bridges, Journal of Korean Society of Steel Construc-
tion, KSSC, Vol.12, No.1, pp.103-110 (in Korean).

[8] = ES|YT(2012) =2 A 7= (AL 2 A ).
Ministry of Land, Transport and Maritime Affairs (2012)
Highway Bridge Design Standard (Limit State Design),
Korea (in Korean).

[9] International Organization for Standardization (1995)
Mechanical Vibration — Road Surface Profiles — Report-
ing of Measured Data (ISO 8608: 1995), Switzerland.

[10] Wang, T.-L., and Huang, D. (1992) Cable-Stayed Bridge
Vibration Due to Road Surface Roughness, Journal of
Structural Engineering, American Society of Civil En-
gineers, Vol.118, No.5, pp.1354-1374.

[11] Dodds, C.J., and Robson, J.D. (1973) The Description of
Road Surface Roughness, Journal of Sound and Vibra-
tion, Elsevier, Vol.38, No.2, pp.175-183.

[12] /MAER, JIKSFEER(1978) RBRED BENEESTIC & 2Bl

3] =827 A26d AST(EE A1323) 2014F 109 497



SER

[13] HpAfe, U818, s

[15] EIREE,

Fa Apo] g Waae] 445 Wt

HISE & ERLRERICRI T B HR%E, TARFRHRGRESE, -
REE, §275%%, pp.13-28.
Komatsu, S., and Kawatani, M. (1978) Study on Dynam-
ic Response and Impact of Cable-Stayed Girder Bridges
Under Moving Vehicles, Proceedings of Japanese Socie-
ty of Civil Engineers, JSCE, Vol.275, pp.13-28 (in Japa-
nese).

9 3, 0]%35H2013) AF %= 7|4 &5}
Shdof| ofgt 7ol d APdaLe] FAAG B7E, =T
zakslie b, FTsks], 4257, A4, pp33s-
346.
Park, J.B., Park, Y.M., Kim, D.H., and Lee, J.H. (2013)
Evaluation of Impact Factor in Composite Cable-Stayed
Bridges Under Reliability-Based Live Load Model, Jour-
nal of Korean Society of Steel Construction, KSSC, Vol.
25, No.4, pp-335-346 (in Korean).

[14] Calgada, R., Cunha, A., and Delgado, R. (2005) Analysis

of Traffic-Induced Vibrations in a Cable-Stayed Bridge,
Part II: Numerical Modeling and Stochastic Simulation,
Journal of Bridge Engineering, American Society of Civil
Engineers, Vol.10, No.4, pp.386-397.

TR, AR(1979) BATEENEERIC
EHHTBOIEER 7 > X LS L ERIRIA, iﬁ?’ﬁaﬁﬁ(

[16]

[17]

[18] ¥R

REEE, HARES, 529045, pp.31-41.

Hikosaka, H., Yoshimura, T., and Uchitani, T. (1979)
Non-Stationary Random Response and Impact Coeffi-
cient of Simple Girder Highway Bridge Under a Series
of Moving Vehicle Loads, Proceedings of Japanese So-
ciety of Civil Engineers, JSCE, Vol.290, pp.31-41 (in
Japanese).

Chopra, AK. (1995) Dynamics of Structures: Theory
and Applications to Earthquake Engineering (2nd Ed.),
Prentice Hall, USA.

Yang, F., and Fonder, G.A. (1996) An Iterative Solution
Method for Dynamic Response of Bridge-Vehicles Sys-
tems, Earthquake Engineering and Structural Dynamics,
John Wiley & Sons, Vol.25, No.2, pp.195-215.

Hs25, A2) 1S, MAANE(1998) 21X ELEHPCAERE
DEMEITRROIREMFE & BHUEESE, tARFSHNE
+ARFE, 5605/1-45%, pp.37-47.

Fukuda, S., Kajikawa, Y., and Tsunomoto, M. (1998)
Vibration Characteristics and Dynamic Increment Factor
of 2 Span Continuous Cable-Stayed Bridge Under Movi-
ng Vehicles, Doboku Gakkai Ronbunshu, Vol.605/1-45,
pp-37-47 (in Japanese).

ol 1545m2] 4

ha)

2 of: A YA 404m

T wEel BelE FAEY O Fuxel Eeu esiie &

EHREL [SO 8608 A A o}_o:] %%4 AR o ek wEk A}gxulaﬁxa ;\] i
o] FAA% WS Slo] Wil o R AGEE AapA F)Ho] oJF) FAASE

oAk

#AIR0| 1 Wi, FAA% U oA, Ak AEAe

) o] Qele] ekl Aal% Fej Fashs Aol el Ak AEe
ol FA0lE, Wol P v FAASE BreAT BolE wue ERagAe A Hg @wﬁz
A B2, AR Ao 13 Aol A el A0 DAk el B 49
o &S24 Aol 13 19 YL doim 5h AR binge-ypest foating e

o} 3, Ao ©A

o 34
Fo, wHEE el FASES TS
Azl seagolt A48si%r. 3, Aol





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


