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Experimental Study on the Seismic Behavior Simulation of Modular Expansion
Joint

Jung-Woo Lee', Eun-Suk Choi’

Abstract: In order to evaluate the seismic performance of the modular expansion joint known for its large expansion allowance and remarkable durability,
this study conducts seismic response analysis and seismic simulation test. The bridge selected for the seismic response analysis is a cable stayed bridge
with main span length of 1,000m. Three artificial earthquake were generated with respect to the design response spectra of the Korean Standards (KS),
AASHTO LRFD and Eurocode, and applied to the selected bridge. The seismic simulation tests reproduced the artificial earthquakes using dynamic
hydraulic actuators in the longitudinal and transverse directions. The test results verified the durability and safety of the expansion joint in view of
its seismic behavior since abnormal behavior or failure of the expansion joint was not observed when the artificial earthquake waves were applied in
the longitudinal direction, transverse direction and both directions.
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Fig. 2 Artificial earthquake by the Korean cable-supported bridge
design specifications
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Fig. 5 Analysis model of the selected bridge
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Table 1 Load combinations (KHBDC, 2010)

Load Longitudinal elastic =~ Transverse elastic support
combination  support force (X-axis) force (Y-axis)
1 1.0 0.3
2 0.3 1.0

Table 2 Results of loading by artificial earthquake waves according
to each design code (node 1000, Artificial earthquake 1, unit: mm)

Longitudinal direction Transverse direction
03X+Y X+03Y 03X+Y X+0.3Y

XS Max 52.5 168.5 246.5 733
Min -48.4 -159.3 -227.7 -66.4
Max 38.0 123.2 297.4 84.6

Eurocode
Min -37.2 -120.2 -269.6 -79.8
Max 53.6 171.1 277.0 82.4

AASHTO
Min -51.5 -169.2 -250.9 -73.5

Table 3 Results of loading by artificial earthquake waves according
to each design code (node 1000, Artificial earthquake 2, unit: mm)

Longitudinal direction Transverse direction
03X+Y X+03Y 03X+Y X+03Y

KS Max 61.6 198.9 223.3 63.9
Min -49.3 -162.4 -192.2 -64.5
Max 49.0 159.1 298.2 87.0

Eurocode
Min -41.1 -133.8 -269.9 -80.7
Max 59.6 188.5 253.5 74.6

AASHTO
Min -49.0 -157.9 -212.3 -69.5

Table 4 Results of loading by artificial earthquake waves according
to each design code (node 1000, Artificial earthquake 3, unit: mm)

Longitudinal direction Transverse direction
03X+Y X+03Y 03X+Y X+0.3Y

s Max 573 1847 2107 586
Min 442 -1453  -1945  -59.4

urocode MBX 319 1119 2337 622
u Min  -27.0 923 -1894  -534
Max 558 1765 2785 72.1

AASHTO el 430 1386 2300 663
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Photo 1 Seismic simulation test of expansion joint

Table 5 Peak displacement and peak acceleration of cable stayed

bridge
Longitudinal direction =~ Transverse direction
Test variable  Peak displ. Peak accel. Peak displ. Peak accel.
(mm) (mm/s) (mm) (mm/s)
AASHTO_1X 3534 493.8 151.3 511.6
AASHTO_1Y 110.7 203.6 513.7 919.7
AASHTO_2X 346.9 486.6 139.8 285.0
AASHTO 2Y 108.4 208.3 4524 1049.6
AASHTO_3X 311.2 737.7 134.1 S511.1
AASHTO_3Y 96.8 202.8 494.9 1030.4
EURO_1X 244.0 508.1 159.8 481.8
EURO 1Y 75.1 129.1 552.4 1063.2
EURO _2X 286.4 460.5 163.6 377.2
EURO_2Y 87.7 182.7 554.6 1123.6
EURO_3X 202.3 349.7 112.7 257.0
EURO_3Y 57.3 148.7 424.7 956.8
KS_1X 337.0 569.1 136.3 518.4
KS 1Y 104.8 148.6 464.3 929.1
KS 2X 359.1 758.36 125.5 258.9
KS 2Y 110.1 199.2 406.6 771.1
KS_3X 326.2 763.3 144.8 385.6
KS 3Y 100.5 152.2 397.2 907.3
AASHTO_X 355.4 867.0 - -
AASHTO Y - - 519.7 950.7
EURO_X 228.3 828.2 -
EURO_Y - - 559.3 1021.5
KS X 360.1 605.4 - -
KS'Y - - 467.8 565.8
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Fig. 6 Displacement and load time histories (KS)
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Fig. 7 Displacement and load time histories (Eurocode)
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