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¥ 4.2-5 A7) Ax nEge] EXEA SHolHN Jted w7t §F
TE =2 (kN) Z = (kN) 2R EKN - m)
=9 A=) 41990.33 1324.11 7957.32
=9 Hd(3) 41990.33 899.24 12813.29
Ao A=) 21613.79 7904.43 45139.98
Ay H(2) 28879.46 5448.05 39101.56
EWE HAg(F) 21613.79 7904.43 45139.98
ZHE Hoj(a3) 38186.90 3194.07 57488.45
F 4.2-6 A7) AX wEFe] FAEA AHVMHENA shsd w7t S
TE =2 (kN) A= kN) A EKN - m)
=9 A=) 39782.52 2868.12 18667.79
=9 Hoj(z) 39782.52 1431.73 31663.00
Aad HAN@=) 27503.19 5337.79 33764.90
Ao Hoi(3) 21728.14 4476.33 27053.02
EWE Ho(F) 27503.19 5337.79 33764.90
EHE Ho(:A) 36558.65 2065.42 48238.64
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=y S WA Aol sk Ao WS )
oFsl7] Slsl 19 4.2-90) Vehigle wed tisl $HMslE Tekarh

Node 219

Node 216

Node 213

Node 210

A7) 4x wFe] SFol P A FRFx

3 4.2-T A7) AR wge] It

2| Z] 1} SZolHsE SHHY

AE Node xR =, mm) yiFER (@], mm) | z®EH(42], mm)
210 ~38.77 70.38 20,01
213 230,84 32.46 2373

THL =516 23447 31.18 ~4.00
219 31.77 53.94 ~2.25
210 229.00 ~61.50 20.01
213 24.65 3150 357

THZ 1516 224.02 232,69 23.72
219 29.33 57.86 ~2.20
210 ~38.14 Z48.94 20,01
213 4150 26.983 23.69

TH3 1916 36.92 25.10 23.84
219 47.05 5745 “9.48
210 236.45 85.05 20,01
213 ~26.28 27.44 23.95

THe 1 3144 27.02 414
219 30.77 85.69 “o.44
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. . "
2] Z] 1} Nod BRI E SEHY
A | org@E, mm) | yreGeA, mm) | 283, mm)
210 “34.45 2871 20.01
213 226.09 292,82 ~4.59
THL =516 233.39 22212 “4.73
219 ~95.86 292,03 047
210 299.42 221,68 20.01
213 32.41 217,66 Z4.04
TH2 516 2779 1712 427
219 35.83 27.96 ~2.50
210 233,52 24.46 20.01
213 293,65 21.70 24.03
TH3 1516 298.40 21.06 24.29
219 25.09 26.71 ~2.55
210 ~25.65 22031 20.01
213 18.56 22160 23.97
THe 1 293,10 220.70 Z4.06
219 24.43 221,83 Z2.53
97 4A wEe] ARAANA A ARTR SHRAE Ge T 42-9% 2}

X 4.2-9 AE7] AX nzel BAEAH AN FETZ SEHY
EEEI. AT A S
A E ode x%¥EH(al %, mm) yareR (], mm) | z9EH(S$2], mm)
210 ~92.85 1194 5.54
213 ~14.65 Z0.87 5.89
THL 51 220.35 1106 6.58
219 14.65 17.85 ~7.85
210 ~23.67 10,50 6.62
213 21465 779 6.69
THZ 1516 221.08 28.03 8.33
219 14.73 11.25 10.00
210 ~28.86 13.50 6.08
213 218.76 26.93 6.5
TH 1916 “24.32 28.26 751
219 16,35 21.22 29.15
210 223.06 28.90 26.02
213 14.99 8.50 26.62
THe 516 220.27 951 ~7.60
219 22.17 13.68 ~7.90
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1 BRI S
CHRIE2H 8 A
0 10 20 30 40 50
Time(Sec)
=9
: — 850|284
LREEEE
i ChRI 7 7H Rl 4
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Time(Sec)
RAYF A
- UEEL
: wxlggsy
CHA|E 7L 8l A
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Time(Sec)
wAYF ZHE
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ME 1~47t7 H A2 w#o

[e)
o
wAo e 2, A9, BWEe] SUHE MEY HY

=, e F 43-1 ~ =
I 2t}
® 43-1 @3 Ax wEFe] duk $Ho|gEy nAG w7 S
T ZH(kN) A= KN) ZHlEKN - m)
=9 A=) 34667.46 3793.07 28611.84
=9 Hoj(wa) 34667.46 1347.71 17297.33
Ay @ =) 23818.47 8953.63 59478.08
e Ho(3) 28009.96 3581.52 13853.33
EHE H(F) 23818.47 8953.63 59478.08
TWE Hoj(x3) 30068.37 2417.06 26494.69
¥ 4.3-2 @3 MAx wge] FAEA SHelgNY AT w7t
TE =2 (kN) Z = (kN) 2R EKN - m)
=9 A=) 39996.29 2301.54 16295.52
=9 Hoj(x3a) 39996.29 1576.77 10680.10
A A H) 23408.95 9114.08 60267.41
Ay H(2) 23947.26 4349.61 22384.76
EHE Ho(2F) 23408.95 9114.08 60267.41
EHWE Hoj(xLA) 35667.55 2338.84 41045.44
® 43-3 9y AA wFe RBAEA dAAHA/NMANN -G w7t SH
TE =2 (kN) A= kN) A EKN - m)
=9 A=) 40292.55 5161.36 39840.01
=9 Hoj(z) 40292.55 667.63 8966.18
Ay A=) 31950.43 8867.80 60914.72
ek Hoi(a2) 26341.65 2682.87 18729.91
EHE Ho(2F) 31950.43 8867.80 60914.72
EHE Ho(:A) 31984.50 2337.05 42067.22
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ANE 1-47t7 H9 AA] wgFe] gFolgafA, RAEHsA, A7z SHak
wE, wA g F9, gy, RWES FHIUE ME HUYUihHe F 434 ~ F 4
I 2t}
E® 43-4 9y Ax wFe] duk $HogEy s w7 S
T ZH(kN) A= KN) ZHlEKN - m)
=9 HAd(@ =) 37738.71 1193.92 6648.45
=9 Hoj(wa) 37738.71 1281.82 15344.20
Ay @ =) 29022.58 2891.66 18478.28
Aaeg H(zE) 27529.43 4031.87 20386.57
EHE H(F) 28378.06 2820.34 18838.89
EAE Hd(A) 28634.30 3071.51 29538.09
¥ 4.3-5 |3 Mx wEge FAEA SHelgN Jted w7 %
TE =2 (kN) Z = (kN) 2R EKN - m)
=9 A=) 41826.03 1003.87 7553.64
=9 Hd(3) 41826.03 133.39 5857.03
Ao A=) 30726.21 4762.10 29724.41
Ay H(2) 31098.77 5640.98 26776.86
EWE HAg(F) 29829.91 4674.16 30321.91
EHE Ho(3) 34186.47 3840.95 46542.18
® 43-6 9y AA wFe] RAEAH dAHANMANY Jbsd wzt SH
TE =2 (kN) A= kN) A EKN - m)
=9 A=) 41753.15 806.48 6286.69
=9 Hoj(z) 41753.15 293.06 3981.06
Aad HAN@=) 21519.77 4898.00 15811.95
Ao Hoi(3) 27773.58 3511.48 19972.46
EWE Ho(F) 27866.11 4408.46 30446.84
EHE Ho(:A) 37978.78 1776.68 42460.73
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433 9% MX TP FRTE &
W M were] gRTzel WelE S A A olol wrle] wglE o}
7] gal 29 43-90] UESlE =0 dial eRueE TadA

Node 219

Node 216

Node 213

Node 210

95 A% weke] $olgsly Al ARTxe] SR TS ¥ 4373 gt
437 95 Ax meke] Aul STo|HHA AR TE Swhg)
ALH] N EEELE L
Ae | € org@E, mm) | yr@E A, mm) F&4, mm)
210 -66.07 72.71 -0.01
213 -56.70 85.12 -3.49
TH1 216 -61.09 84.72 -3.63
219 -52.93 79.34 -2.21
210 56.96 -57.26 -0.01
213 63.38 -74.01 -3.32
THz 216 61.49 -78.63 -3.48
219 68.79 -70.75 -2.17
210 -57.73 -63.06 -0.01
213 -46.15 -61.60 -3.46
TH3 216 -54.62 -65.66 -3.67
219 -43.89 -66.85 -2.48
210 -37.40 62.15 -0.01
213 41.80 76.21 -3.71
TH4 216 35.88 77.22 -3.84
219 46.77 64.85 -2.41
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47 mere] RASRAM A ATz SHHAAE g ¥ 4387 2T
¥ 43-8 W3 4x mde] RAEY Swtola FRTE SR
AR BASHHAE SRS
Ae |0 s @E, mm | y @, mm) | 233G, mm)
210 -50.02 -26.94 -0.01
THI 213 -40.44 28.73 -4.45
216 -44.65 48.35 -4.69
219 -34.83 60.93 -2.48
210 35.99 -38.15 -0.01
213 44.43 37.89 -3.98
TH2 216 40.15 40.48 -4.19
219 48.55 30.82 -2.52
210 -49.21 -39.94 -0.01
213 -39.46 -44.39 -4.09
TH3 216 -44.35 -37.65 -4.41
219 -35.39 21.81 -2.58
210 29.60 26.55 -0.01
213 37.33 45.85 -3.91
Thd 216 32.51 55.35 -4.05
219 42.08 61.16 -2.60
42 meFe] OAANA A ARTze SHESE T8 ® 43-99 2T
¥ 43-9 93 Ax we] RAEA gAY A FRTE SHEe
AR OAA A A E SR
A | orR@EE o [ yrR@EA, mm) | 238G, mm)
210 35.94 25.67 5.53
TH1 213 43.68 -11.31 -6.03
216 38.78 -26.34 6.67
219 47.72 -50.40 -7.84
210 -28.92 -29.14 6.62
213 -19.94 -23.79 -6.26
TH2 216 -25.17 -17.21 8.43
219 -17.88 -13.35 10.04
210 -65.71 -13.89 6.08
213 -56.39 -11.87 -6.72
TH3 216 -60.55 13.73 -7.68
219 -51.19 21.98 -9.18
210 20.49 22.56 -6.02
213 28.87 12.04 6.69
TH4 216 25.11 -19.74 -7.42
219 34.64 -39.56 -7.93
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ABSTRACT

In recent years, large—scale earthquakes worldwide have caused significant human and
material damage. Moreover, in South Korea, the frequency of earthquakes with a
magnitude of 3.0 or higher has been rapidly increasing since 2016. In this context, it
1s essential to ensure the seismic performance of critical national structures, such as
bridges, which transport human and material resources during disasters. While newly
constructed bridges have been subject to seismic design since 1992 under the
Earthquake and Volcano Emergency Measures Act, existing bridges without seismic
design must undergo seismic performance evaluation. If necessary, seismic retrofit
design and construction are conducted to enhance their seismic performance.

For seismic performance evaluation of existing structures (bridges), the most
conservative analysis method, commonly considered as general response history
analysis, is employed. However, when designing seismic features for new structures
(bridges), a site—specific response history analysis considering the interaction between
the ground and the structure is sometimes used.

This study analyzes the seismic behavior of bridges retrofitted with seismic
protection devices, specifically shear keys and dampers, using three different methods:
general response history analysis, site—specific response history analysis, and
site—specific multi—point ground motion analysis. Shear keys, installed on the abutment
pier, accommodate displacements due to temperature variations in the superstructure.
They act as devices to distribute seismic forces concentrated on the fixed pier to the
movable pier, necessitating nonlinear seismic analysis to consider the effects of the
gap. Dampers, similarly installed on the movable pier, serve to disperse seismic forces
concentrated on the fixed pier to the movable pier. Additionally, they contribute to
seismic force reduction through damping. The damping effect of dampers depends on
the response velocity of the superstructure, requiring nonlinear history analysis similar
to shear keys.

Therefore, this study comprehensively analyzes the seismic behavior of bridges
equipped with seismic protection devices, including shear keys and dampers, using
three seismic analysis techniques: general response history analysis, site—specific

response history analysis, and site—specific multi—point ground motion analysis.
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