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Evaluation of Retrofitting Effect for Fatigue Damage
according to Prestress Introduction in Steel Bridge

Ryu, Seong Jin

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Fatigue damage of bridge occurs through increase of traffic and
weightness of common load. Fatigue damage occurs in locations of stress
concentration such as weld zone of secondary member. This fatigue
damage not only shortens life of bridge but also can be cause of bridge

collapse. Therefore, bridge should be retrofitted through regular checking.

General retrofitting methods of bridge is continuation of simple bridge,
joining steel sheet, addition of secondary member, and prestress method
of construction. Prestress method can be divided into direct prestress
method to introduce tendon and indirect prestress method to introduce
tensible force through Up and Down of girder support. Direct prestress
method suppresses deflection of bridge, and can reduce stress of girder
that occurs through load. Indirect prestress method by Up and Down of
support controls negative moment in internal support, so can improve

behavior of continuous bridge.

However, a study on a retrofitting effect in fatigue damage part

according to introduction of prestress was not proceeded. Therefore, this

= Vil -



study evaluated a retrofitting effect in fatigue damage part according to
introduction of direct prestress and indirect prestress through structural

analysis.

Target bridge I is three-span continuous steel box girder bridge
completed in 1981, so introduces tensible force by installing prestress
strand in the side-span bottom that receives positive moment. Fatigue
damage in target bridge I occurred in longitudinal rib and diaphragm weld
zone. As a result to evaluate the effect according to direct prestress
retrofitting, a retrofitting effect occurred in general deflection and stress
of axis direction, but there was no reduction effect of sectional stress in

part with fatigue damage.

Target bridgell is four-span continuous steel plate girder bridge
retrofitted by indirect prestress method, so introduces prestress through
Up and Down method in process to change one-span simple bridge into
four-span continuation bridge. Fatigue damage in target bridge Il occurred
in weld connection of transverse stiffener and top flange. As a result to
evaluate the effect according to indirect prestress retrofitting, a general
retrofitting effect occurred, but there is no reduction effect of sectional

stress in part with fatigue damage.

Therefore, there is no effect according to general retrofitting in part
with fatigue damage, so direct retrofitting of fatigue damage part is

needed.

KEY WORDS : Effective notch stress method &% %]-8-8%, Fatigue damage
J 2£%, Prestress Z#~Ed 2, Retrofitting effect 7 &3

Steel bridge 7xl.
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Fig 2.1 Arrangement example of the tendon
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(b) Three-span continuous bridge

Fig 2.2 Moment diagrams by uniform load at continuous bridges
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(a) Two-span continuous  bridge
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(b) Three-span continuous bridge

Fig 2.3 Moment produced by the Up - Down method
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Table 3.1 The number of fatigue cracks
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Diaphragm

Diaphragm

(a) Welded joints between diaphragm and longitudinal

Diaphragm

(c) Diaphragm (d Welded joints at diaphragm

Fig 3.4 Case of fatigue cracks (target bridge I)
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Fig 3.5 Case of retrofitting in target bridge 1
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Fig 3.8 Dimension of test vehicles (target bridge I)
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Fig 3.10 Loading location and sensor location (target bridge I )
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Fig 3.11 Structure analysis model for target bridge I
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Table 3.3 Comparison of measurement and analysis results (target bridge I )

S1 S3 S5 S7
Sk -13.474 -26.947 -28.201 -14.727
3 40% -18.050 -31.725 -31.650 -17.875
A 50% -18.925 -34.000 -33.925 -18.750
& 70% -20.675 -38.550 -38.925 -20.525
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Fig 3.12 Distributions of strain at each girder (target bridge I)
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Fig 3.13 Deformed shape for analysis model
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Fig 3.14 Maximum displacement in each case
Table 3.4 Maximum displacement in each case
G1(mm) G2(mm) G3(mm) G4(mm)
Case 1 -126.965 -127.243 -127.243 -126.965
Case 2 -118.925 -119.200 -119.200 -118.925
Case 3 -99.374 -99.228 -99.228 -99.374
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Fig 3.16 Detailed analysis model (target bridge I)
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Fig 3.18 Results of structural analysis along transverse direction (target bridge I)
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Fig 3.20 Results of structural analysis(Line-A)

Table 3.5 Results of structural analysis(Line-A)

Stress(MPa) Allowable
fatigue stress
Max. Min. Range range (MPa)
Case 1 | 53.050 3.950 49.100
Detail
A Case 2 | 53.450 3.895 49.555 30.000
Case 3 | 52.000 2.425 49.575
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Fig 3.21 Results of structural analysis(Line-B)

Table 3.6 Results of structural analysis(Line-B)

Allowable
Stress(MPa) )
fatigue
Max. Min. Range stress range
(MPa)
Case 1 -52.900 3.800 56.780
Detail
B Case 2 -54.700 -2.500 52.200 49
Case 3 -51.250 0.960 52.210
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Fig 3.23 Results of structural analysis (target bridge 1)
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Table 3.79 ®7} Z - 39| Detail A 2 Bell gk AT24 235 Yepdoh
o714 8] g o HollAot nR7IAR YA M-S AASt Aol H
A otk

Table 3.7 Results of structural analysis to retrofitting

Allowable
Stress(MPa) )
. fatigue
Detail A=A )
Max. Min. Range SITESS Tange
(MPa)
Before 52.000 2.425 49.575
A 31.0
After 24.6 -2.3 26.9
Before -51.250 0.960 52.210
B 48.3
After -20.8 0.3 21.1
A SHA|

peis] T390 2eole G AAA Hons, 5
EE A 53 2 A14Q nyge] Ba Aoz o
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Table 4.1 Property of target bridge Il
T & AA 4 o] Nl
#1 0~ 12m 12m 28mm
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) #3 | 38 ~ 50m 12m 28mm
= #1 0 ~ 7.5m 7.5m 25mm
At #2 | 7.5 ~ 13.5m 6m 45mm
SHE-ZE A #3 | 13.5 ~ 36.5m 23m 65mm
#4 | 36.5 ~ 42.5m om 45mm
#5 | 42.5 ~ 50m 7.5m 25mm
#1 0 ~ 13m 13m 25mm
) ARERA 82| 13 ~ 3m 24m 43mm
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Fig 4.3 Property of target bridge II
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Table 4.2 Axle load of test vehicles (target bridgell)

) Second Third
First Axle(kN) Total(kN)
Axle(kN) Axle(kN)
EH A 77.5 83.3 83.3 244.1
EdY B 74.4 87.3 87.3 249.0
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Fig 4.12 Dimension of test vehicles (target bridge II)
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Table 4.3 Displacement of the node (target bridge Il)

Node DX(mm) | DY(mm) | DZ(mm) | RX([rad]) | RY([rad]) | RZ([rad])
0.075427 | -0.025906 | -0.357889 | 0.000003 | -0.000394 | 0.000000

0.075709 | -0.015712 | -0.366684 | 0.000008 | -0.000387 | 0.000002

0.080346 | -0.011086 | -0.367205 | -0.00002 | -0.000408 | -0.000001

0.074935 | 0.004443 | -0.353767 | -0.000002 | -0.000391 | 0.000001

0.074221 | 0.018068 | -0.366462 | -0.000004 | -0.000386 | 0.000002

0.071183 | -0.038638 | -0.366096 | 0.000005 | -0.000389 | -0.000001

0.216072 | -0.035953 | -1.025290 | 0.000003 | 0.000226 | 0.000002

0.214929 | -0.024846 | -1.037839 | 0.000007 | 0.000237 | 0.000000

0.217403 | -0.012957 | -1.068622 | 0.000010 | 0.000230 | 0.000000

0.213559 | 0.003517 | -1.096002 | 0.000004 | 0.000236 | 0.000000

0.214230 | 0.008971 | -1.077093 | -0.000012 | 0.000240 | 0.000000

[y ey -
RID BN oin|w| o) —

0.218802 | 0.020326 | -1.050641 | -0.000006 | 0.000229 | -0.000001
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