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Abstract

While structures are designed within elastic range by other designs, plastic behavior of structures should be verified and controlled
in order to prevent structural collapse by the earthquake resistant design. No Collapse Requirement for typical bridges is to avoid
falling down of superstructure by way of plastic behavior of certain structural elements and to operate emergency vehicles after
earthquake. Such plastic behavior is restricted to connections or pier columns and appropriate measures are required for each case.
Earthquake Resistant Design part of Roadway Bridge Design Code provides design processes for Ductile Collapse Mechanism by
forming plastic hinges at pier columns. Also for bridges with reinforced concrete piers ductility-based design processes are provided
as an appendix constructing Brittle Collapse Mechanism with connection yielding. In this study, a typical bridge with steel bearing
connections and reinforced concrete piers is selected and No Collapse Design procedure considering both Ductile and Brittle Collapse
Mechanism is proposed together with revisions required for the Earthquake Resistant Design part.

Keywords - earthquake resistant design, plastic behavior, no collapse requirement, falling down of superstructure,

ductile collapse mechanism, brittle collapse mechanism
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Table 1 Orthogonal seismic force & action force

orthogonal .
load structural . action
seismic force
case member - force
longit. trans.
Lol steel bearing(kN) 682 417 799
pier column(kN-m) 14185 1250 14240
LC2 steel bearing(kN) 251 1388 1411
pier column(kN-m) 4490 3990 6007

Table 2 Strength / action force ratio

load | M, M, M,
case [(kN'm) |(kN-m) ‘ * |(kN-m)
LC1 | 14240 | 9660 |1.474]1.324 | 12790 | 0.678 | 0.898
LC2| 6007 | 10330 |0.582]1.279 13212 | 1.720 | 2.199

M,/ M, | M,/ M,
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Table 3 Orthogonal seismic force & action force

Ase 1.00022 ZAdel AAAAEe 98 A,
H,9 43t} Table 3914 LC1/LC29 HE %
sle M 990kNoln ZAwdel m, HE H° 80%,
120%= 7148 2 1485kN(=990x1.2/0.8)°] A4
B2 LC1/LC2¢ FEH9E 1.960~2.941, 1.0~1.57}
Hr,

4
-

Table 4 Strength / action force ratio

load | M, M, M,
M,/ M, | M,/ M,

case |(kN'm) | (kN-m) (kKN*m)

LC1| 8531 | 3110 |2.743|1.387| 4314 | 0.365 | 0.506

LC2| 3824 | 3450 |1.108|1.305| 4502 | 0.902 | 1.177

orthogonal .
load structural C i action
seismic force
case member - force
longit. trans.
Lel steel bearing(kN) 410 295 505
pier column(kN-m) 8487 865 8531
LC2 steel bearing(kN) 147 979 990
pier column(kN-m) 2679 2729 3824

w7)EY A =RwAATIE & 6.3.79 R(LCL: 3,
LC2: 5)= A&3t HARAZH (design seismic force)S!
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Fig. 4 Collapse mechanism
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Table 5 Design seismic force for steel bearings
1(action force) 2(overstrength) ”
load case a, R H/R M, YoM, L, (3x,,)/z, , .t
n ’ (kN)
(kN) ) (kN) (kN'm) | (kN'm) (m) (kN) (kN)
LC1 799 . 799 12790 25580 10.0 2558 4 640 Ll
LC2 1411 1411 13212 52848 9.0 5872 1 5872
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