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No Collapse Design for Typical Bridges
Seung-Kyu Kook

IDepartment of Civil Engineering, Pukyong National University, Busan, 605-739, Korea

Abstract

The purpose of earthquake resistant design for typical bridges is the No Collapse Design and the Earthquake Resistant Design
Part of Roadway Bridge Design Code provides a design process to construct the Ductile Failure Mechanism for the bridge structure.
However, if it is not practical to provide the Ductile Failure Mechanism due to structure types or site conditions, the Brittle Failure
Mechanism is an alternative way to get the No Collapse Design. As well as the existing design process constructing the Ductile
Failure Mechanism, the Earthquake Resistant Design Part provides a ductility-based design process as an appendix, which is
prepared for bridges with reinforced concrete piers. According to the new design process, designer determines a required response
modification factor for substructure and transverse reinforcement for confinement therefrom. In this study, a typical bridge with steel
bearing connections and reinforced concrete piers is selected for which the existing as well as the ductility-based design processes
are applied and different results from the two design processes are identified. Based on the results, an earthquake resistant design
procedure is proposed in which designers should consider the two design processes.

Keywords - typical bridges, No Collapse Design, Ductile Failure Mechanism, ductility-based -earthquake
resistant design, required response modification factor
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Fig. 1 Ductile failure mechanism
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Fig. 5 Flow chart of the ductility-based design
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Table 1 Action force(P3, 43.0m)
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Table 2 Design seismic force, design strength(¢3.0m)

load case action force R design seismic force nominal strength design strength
(kN-m) -) (kN*m) (kN*m) (kN-m)
LC1 72253 3 24084 46550 46550
LC2 42069 14023 46550 46550
Table 3 Action force, Design seismic force & design strength(42.3m)
orthogonal seismic force action design nominal | design
load case structural member - - R L. R,
longitudinal transverse force seismic force| strength | strength
Lo steel bearing(kN) 2261 834 2410
pier column(kN-m) 64001 11125 64961 3 21654 23520 23520 |2.76
L2 steel bearing(kN) 768 2727 2833
pier column(kN-m) 19354 31819 37242 3 12414 23520 23520 | 1.58
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Table 5 Design seismic force of steel bearings(¢2.3m)
1(action force) 2(overstrength) design seismic
load case | action force R action force/R A, M, I, A\, M,/ L, shear force force
(kN) ) (kN) (kN'm) | (m) (kN) ! (kN) (kN)
LC1 2410 2410 32646 4664 4 1166
1 7.0 2833
LC2 2833 2833 31258 4465 1 4465
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Table 6 Yielding range of pier column(¢2.3m)

load case action force design strength overstrength design strength overstrength
(kN'm) (kN'm) (kN-m) /action force ratio /action force ratio
LC1 64961 23520 32646 0.362 0.503
LC2 37242 23520 31258 0.632 0.839

_strength vielding range 1) ARpEna
action force of pier column =

- A= WA E w27)s daS WAsH] gonz &4
N3 (¢3.0m) 9] 282 (Table 2) L 2HE] 2Q-3HTH
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Table 7 Design seismic force, design strength and overstrength(¢3.0m)

load case action force nominal strength | design strength R, A, overstrength
(kN*m) (kN-m) (kN*m) (-) (-) (kN*m)
LC1 72253 46550 46550 1.55 1.328 61800
LC2 42069 46550 46550 0.90 1.295 60282
Table 8 Required displacement ductility », and required curvature ductility x,(¢3.0m)
load case r 1.257, action force design strength R Aor Ha L, My
(s) (s) (kN'm) (kN-m) -) () (-) (m) (=)
LC1 0.539 0.550 72253 46550 1.55 1.007 1.56 70 5.28
LC2 0.388 ’ 42069 46550 0.90 - - ’ -
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Table 9 Confinement steel ratio ,(¢3.0m)

) for f yh P, A g Ay P @ B 0l Ps
(-) (MPa) (MPa) (10°N) | (10°mm?) (cm?) (=) (-) () (-) (-)
5.28 24 300 10.417 7.0686 1080 0.0153 1.881 0.737 0.00053 | 0.00142
Table 10 Design seismic force of steel bearings(¢3.0m)
1(action force) 2(overstrength) design seismic
load case | action force R action force/R A, M, L, A\, M,/ L, shear force force
(kN) “) (kN) (kN'm) | (m) (kN) ! (kN) (kN)
LC1 2681 2681 61800 8829 4 2208
1 7.0 3132
LC2 3132 3132 60282 8612 1 8612
Table 11 Yielding range of pier column(¢3.0m)
load case action force design strength overstrength design strength overstrength
(kN'm) (kN*m) (kN*m) /action force ratio /action force ratio
LC1 72253 46550 61800 0.644 0.855
LC2 42069 46550 60282 1.107 1.433
o = 2(L,/h) < 5.0 ) f,
Ha, (Z,/h) B= 22012, 7= 0.1 (p—0.01) (12), (13)
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pier column steel bearing(kN)
load ‘ action force design strength . . elastic design
@ . .. R, serviceability Py .. ..
case (m) (design seismic force) (7)' (overstrength) limit stat ) seismic force seismic
(kN°m) (kN'm) s (overstrength) force
LC1 64961(21654 2.76 23520(32646 2410(1166
@ 2.3 ( ) ( ) 0.040g 0.00960 ( ) 2833
LC2 37242(12414) 1.58 23520(31258) 2833(4465)
LC1 72253(24084) 1.55 46550(61800) 2681(2208)
2 3.0 0.071 0.00142 3132
2 LC2 42069(14023) 0.90 46550(60282) & 3132(8612)
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Table 13 Steel bearing capacity for 4 cases

column failure
case design . steel bearing capacity (kN)
. mechanism
section
ductile 2833x0.839 = 2377
1 $2.3m
brittle 2833x0.362 = 1026
ductile 3132x1.433 = 4488
2 $3.0m -
brittle 3132x0.644 = 2017
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