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Fig. 1 Schematic diagram of beam
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Tab. 1  Natural frequency of each stage Wi, Hz
KBk SELPIRA IR Hife e
1 1. 104 0. 890 1.254
2 1. 131 0.907 1. 445
3 1. 601 1.424 2.192
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Tab.2 Ground motion record

A= R AR AEy B4
I Helena_Montana —01 1935 Carroll College
2 Helena_Montana —02 1935 Helena Fed Bldg
3 Humbolt Bay 1937 Ferndale City Hall
4 Tmperial Valley —-01 1938 El Centro Array #9
5 Northwest Calif 01 1938 Ferndale City Hall
6 Tmperial Valley —02 1940 El Centro Array #9
7 Northwest Calif —02 1941 Ferndale City Hall
8 Northern Calif —01 1941 Ferndale City Hall
9 Borrego 1942 El Centro Array #9
10 Tmperial Valley =03 1951 El Centro Array #9
11 Northwest Calif —03 1951 Ferndale City Hall
12 Kern County 1952 LA - Hollywood Stor FF
13 Kern County 1952 Pasadena — CIT Athenaeum
14 Kern County 1952 Santa Barbara Courthouse
15 Kern County 1952 Taft Lincoln School
16 Northern Calif —02 1952 Ferndale City Hall
17 Southern Calif 1952 San Luis Obispo
18 Tmperial Valley —04 1953 El Centro Array #9
19 Central Calif - 01 1954 Hollister City Hall
20 Northern Calif 03 1954 Ferndale City Hall
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Tab.3 Mid - span deflection evaluation and damage index
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Fig. 4 Relationship between cross — sectional capacity and demand in different states
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of the main beams of the failure state of the main

beam and maintenance and reinforcement
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Tab. 4  Fatigue load calculation, fatigue deformotion modulus and short-term effect combination mid-soan deflection

i E VA &y - X (| Bl e/ . Ffims SR El/ £79: 94
J7 % WHY TR ( x10*MPa) mm T WHY TR ( x10*MPa) mm
2005 435. 86 164. 58 3.500 33.52 2013 601. 89 227.27 2.557 45.42
2006  452.49 170. 86 2.581 45.00 2014 627.95 237. 11 2.554 45. 47
2007 470.29 177. 58 2.578 45.06 2015 655. 19 247.40 2.550 45.54
2008  489.28 184.75 2.574 45.12 2016 683. 60 258.13 2.547 45.59
2009  509.44 192.36 2.571 45.18 2017 713.20 269. 30 2. 543 45. 66
2010 530.79 200. 43 2.568 45.23 2018 743.97 280.92 2.539 45.73
2011 553.31 208. 93 2. 564 45.30 2019 775. 93 292.99 2.536 45.78
2012 577.01 217. 88 2.561 45.35 2020 809. 06 305. 50 2.532 45.85

32 1 1 1 1 1
2.4 2.6 2.8 3.0 32 3.4 3.6

kR R/ 10*MPa
BT BrmaARTHRETA

Fig. 7 Fatigue failure deflection variation
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Evaluation Method for Seismic Resilience of Maintenance Bridges
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Abstract

This paper uses the mid — span deflection limit in the “Highway Bridge Technical Condition Assessment
Standard (JTG / T H21 -2011)” as the damage index to analyze the vulnerability of the main girder, and pro-
poses an evaluation method for the seismic resilience of repaired bridges. Taking a five — span continuous girder
bridge that has been repaired and strengthened as the main girder after years of operational damage, using finite
element modeling and model modification methods, 20 sets of seismic waves were selected using incremental dy-
namic analysis (IDA) . Changes in the vulnerability of the bridge’s main beam members before and after main-
tenance and reinforcement under earthquakes with different intensities; the relationship between the time — var-
ying elastic modulus of the existing bridge and the mid — span deflection was explored using empirical statistical
methods, and a functional loss based on mid - span deflection was proposed function; Combined with the case
bridge specific repair and reinforcement construction method, a preliminary recovery function curve is proposed ;
on this basis, the seismic resilience index of the case bridge before and after repair reinforcement is calculat-
ed. The analysis results show that it is feasible to use the mid — span deflection as the damage index to evaluate
the seismic resilience for the maintenance and strengthening of the bridge. From the vulnerability curve, it can be
obtained that the maintenance and reinforcement is more obvious for the improvement of the seismic perform-
ance. Resilience decreases with the increase of the damage level, which is more obvious for minor damage and
the difference in structural failure is small.

Keywords: bridge vulnerability; mid — span deflection; damage index; continuous beam bridge; incre-

mental dynamic analysis



