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Abstract With the nation showing increasing concern for earthquakes, there have been several methods for the
analysis of earthquakes and evaluation of damage. Nevertheless, there is no clear standard to assess the seismic
damage to structures quantitatively. Accordingly, this study conducted seismic analysis of several forms of seismic
waves and actual seismic load, targeting the cable stayed bridge, which is supported by a cable and proposes a method
for evaluating the damage based on the results. The damage index was calculated based on the tilting of the pylon
of the cable-stayed bridge and the characteristics of physical seismic damage was suggested with 4 levels, such as
A, B, C, and D. In addition, it is not proper to simply judge that the seismic damage index is obtained as large or
small at all times depending on the seismic analysis method. Although this study focused on the proposal seismic
damage index and an evaluation of the damage targeting the cable stayed bridge, the result was applied to a structure

with a similar maximum displacement response.
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Fig. 1. A panorama of cable-stayed bridge (subject of study)
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Fig.2. Longitudinal section of cable-stayed bridge
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Table 1. Material Property
Elastic L Unit
Structural Material | Constant P01ss9ns Weight Man Form
Member ) Ratio s | kN/m?/g
kN/m kN/m/
2.06E 7.70E 7.85E Iso
Cable | SM400 +08 0.3 01 +00 tropic
. 2.61E 245E 2.50E Iso
Pier C350 07 0.167 01 400 tropic
2.74E 245E 2.50E Iso
Pylon C400 07 0.167 01 +00 tropic
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. 4. Mode shapes
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Table 2. Eigenvalue analysis

Mode Frequency Period TRAN-X TRAN-Y
No. rad |cycle/ sec Mass | SUM | Mass | SUM
/sec | sec (%) (%) (%) (%)
1 2.3 0.4 2.8 0 0 34 34
2 2.5 0.4 2.5 0 0 0 34
3 26 | 04 2.4 0 0 11 45
4 32 0.5 2.0 49 49 0 45
5 33 0.5 1.9 5 54 0 45
6 4.1 0.7 1.5 0 54 0 45
7 4.1 0.7 15 0 54 0 45
8 44 | 07 1.4 6 60 0 45
9 46 | 0.7 1.4 11 71 0 45
10 4.8 0.8 1.3 0 71 0 45
11 5.7 0.9 1.1 0 71 15 60
12 6.4 1.0 1.0 0 71 2 62
13 6.7 1.1 0.9 1 72 0 62
14 6.8 1.1 0.9 8 80 0 62
15 6.8 1.1 0.9 0 80 0 62
16 6.9 1.1 0.9 0 80 10 72
17 7.5 1.2 0.8 0 80 1 72
18 8.2 1.3 0.8 2 82 0 72
19 8.2 1.3 0.8 1 83 0 72
20 8.2 1.3 0.8 0 83 0 72
2.2.3 x|zl 3HM U ZHa}
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Table 3. Actual measurement seismic wave

Max. Duration
List Accele- R Seismic Wave
. Time
ration
H
Kobe 3
. 21 3
EW 0.57g Osec ]
Time(Sscond) ©
5 .
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Table 4. Seismic analysis result using actual

measurement seismic wave
I . Response . .
Seismic Divisi Loading Spectru Time History
Wave rvision Direction pec m Analysis
Analysis
Maximum X 872 31
Displacement 1,087 674
(mm) S -
Axial
Force(kN) Ax 157,801 80,952
Shear Fy 107,016 25,631
KOBE_ | Force(kN) Fz 174,203 59,557
EwW Bendi Mx 514,375 44,470
ending
Moment My 2,001,468 828,589
(N-m) Mz | 2624175 | 838455
Maximum X 421 421
Combined v 297 110
Stress
(MPa) zZ -
Maximum X 804 1,013
Displacement Y 1,090 768
(mm) V4 _
Axial
Force(kN) Ax 159,816 211,955
Shear Fy 147,824 24,617
KOBE_ | Force(kN) Fz 180,443 156,216
NS
Bending Mx 535,682 46,573
Moment My 2,859,033 2,186,514
(kN-m) Mz | 3288311 | 797498
Maximum X 515 1,083
Combined v 385 137
Stress
(MPa) z
Maximum X - -
Displacement Y - -
(mm) z 204 491
Axial
Force(kN) Ax 43,387 41,757
Shear Fy 15,635 3,032
KOBE z | Force(kN) Fz 11,236 14,446
Vertical . Mx 119,987 1,922
Bending
Moment My 307,424 706,249
(kN-m) Mz 62,240 18,950
Maximum X
Combined Y
Stress
(MPa) z 177 136
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Fig. 5. Comparison on seismic analysis result using
response spectrum analysis
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AAZIH Table 5~77F 752 o} 7]&7]d] 7]¥kS & U Table 8. Physical seismic damage properties about
A & 5 £ 9 57 2k T £ 9l damage level
q_. A_%:_—g-ﬂ]_ BS& o] 7]%7] 1H;< ‘f‘:)‘o]'X]‘F 7]_711.:;2] Damage Level State Damage properties
0 20015—7-, B%‘%ﬂl‘ C%‘T—} 0.60, 13] al C%‘T—:{'i}’ D%‘T—:l" A (0.00= No -Show normal structure performance
9] 7] = 7‘]"5‘ 1 00%! o o 9 Dé,_] 7<0.20) Damage |-Elastic behavior at proportional limit
-Sporadic occurrence of cracking
) ) B (0.20= Slight  |-Partial Crashing of Concrete Surface
Table 5. Relation between damage index and slope of D, <0.60) | Damage |Behavior within yield stress above
the pier proportional limit
Damage Index(Dﬂi o) Slope of the pier(A/H) C (0.60< Extensive ‘Extensive damage of concrete
D, <1.00) Dama ‘Occurrence of plastic deformation
0-20 1750 0,17 €% |.Disclosure of Buckled Reinforcements
0.60 1/250
1.00 1/150 D CI\LS ar ‘Occurrence of plastic deformation
(1.00=< DH i) o1lapse -Partial or Total Collapse
’ Damage
Table 6. Seismic damage assessment level by slope
Level A B C D Zyzre]l A7 A st §1e A xlstel] wheh ezl A
(1/750) | (1/250) | (1/150) & ZAYE FEo Al 71L7]E 4Elshd Table 99
Slope 0 (1/150) (1/150) (1/150) 2tk o714 A 7]E7I’C wWEEKX el 2 w7
=0.20 = 0.60 = 1.00
2ol FAEAES wasel A WeE
- . e Ao, SRaRE s} Aol e
Table 7. Seismic damage level by slope damage index NANE B u|R el Su ~HEd #A)
Damage Level Damage Index A BE7] QbR AT 7k A 2ere] 7|27} 71
A 0.00 < D, . <020
&l Qs 1/1407gke]l TR, FF F7] Ak
B 020 < D, . < 0.60 . -
8.1 1/574, 5715 1/2829) #hol AFEE ATk aH 279
C 0.60 < D, ; < 1.00 53 BA(EW) 2 FENS) WEkn 71 A Baas g
D 100 = Dy, A 71271 6, (1/150)¢] w19 23 1/153 2 1/152
o] grol 7zt ALkE AL AR ] 228K (Vertical)
Table 82 7]&7] 7I¥k Wzl &4 S+ diel tigk old= 2R 242 1/5659] ghol Atk
27 magle Ty 7220 2o4 UA &4 54
UeRA Aot} vlgste o|uldlA] 7]&717)F B As Table 9. Max slope in consequences of analysis
& Fo] YAl Eafo] A3 Q= S3L Aol An] method and seismic wave
3 Yz Alo] HRAlElE BEto] EglA A &AF E seismic
&l el sk Bowel FeEH Wi &4 5 wave| short | middle | long | KOBE | KOBE | KOBE
AL Ak ol ]'—‘% T WA mE ZagE giHo] B analysis period | period | period | (EW) | (NS) [(Vertical)
h
2Ho g shEshs YuE et C5F due 3y S
S P ! - Response | 1 1 1 1 1
ek ool & "’:ﬂﬂE o] WA ALY, Ho] 3} spectrum | —— | —— | —— —_— —
. lysi 1407 | 574 282 153 152 565
Eo] WASH: T UG, AToR DEF @ i
wo uje = aAwalo] w zgo| m  Tmehisoryl 1 ) L 1 1 p 14 1
e v & 2400) dds Ty 7adel ¥ analysis | 541 | 230 | 160 | 246 | 164 | 338
y
B e AR 0R 9 Balol 2R £4o] 1A
e WS e
AL ole el A, b7 ARl e 1/541, T
T 1/230, A7) 1/169, AHAZNEW) T
1/246, AHAZNS)S  1/164, 2 HIAR

133

(Vertical)oll A+= 1/338] ZHo] 7]&7]7F T8l Flch



A7 e e =2 Al A9 AlLL, 2018

2 (1)3} Table 95 ©]&3}o]
sl W 71&7] 7|9k 35
o2 At B Table 10 2 Fig. 7,
S 2HEY WE AT AE, 95
o, YA 7FEE 0.155g) A= W
AT #e] EFA(D, ;) 0.1074K°]
F7IIE T AN 7R 0.160g) R
Ik 7HE 5 0.154g) 1@)a0 M) A3 528 (Vertical)
FA 7F5E 0.343)004 &

sharelut Abuae)

il
I
s
=

ro

ﬂ‘
o
>
(o3

]

~

R

2
i)

+

o)

o
X
N
_(\fi
™

N

A

o

oﬁé:‘

¥0 Hd o2 & o
ool

frorE o

Wk 7HEE 0.599g)9F B
7FE 0.579g)ol = 2

-

23D, ) 0.980 2 0.987¢] Fko
olgRe] Aol 71e7] 7Iut

0.277~0.9157H4] 2FE5 ATk

Table 10. Slope damage level in consequences of
analysis method and seismic wave

seismic
wave| short | middle | long | KOBE | KOBE K(;BE
analysis period | period | period | (EW) (NS) (_*
Virtical)
method
Response
spectrum A B B C C B
analysis
Time his'tory B c C B c B
analysis
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