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1. Reduction of load carrying capacity by web and flange corrosion
2. Shear buckling of corroded web panel
3. Reduction of bearing capacity at support by web and stiffener corrosion
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Fig. 2 Structural performance of steel plate girder bridges related to corrosion
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Fig. 5 CFRP repair process of plate girder bridge
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Fig. 6 region and detail of CFRP repair

Table 1 Material properties of CFRP

Unit weight  Tensile strength  Elastic modulus ~ Design thickness

Carbon fiber sheet 300g/m? 1900MPa 640MPa 0.143mm /sheet
Aramid fiber sheet 180g/m? 2060MPa 118MPa 0.0621mm/sheet
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(b) Truck loading set-up (c) Attached strain gauges

Fig. 7 Loading test and measurement set-up
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Fig. 8 Web stress distribution depending on CFRP repair
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Fig. 10 Stiffener stress distribution depending on CFRP repair
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Fig. 13 Corrosion pattern of FE analysis model of plate girder bridges



Table 2 Corrosion model and corrosion condition

Corroded area (mm) Corroded ratio
Corrosion model (condition)
Cn de dsc ¢ (%)

Casel Un-corroded model 0 0 0 0

Case2 Inner web(triangular) 260 0 260 10~ 100
Case3 Outer web(triangular) 260 260 0 10~ 100
Case4 Stiffener 260 0 0 10~ 100
Caseb Inner and outer web(triangular) 260 260 260 10~ 100
Case6 Inner web(triangular) and Stiffener 260 260 260 10~ 100
Case7 Outer web(triangular) and Stiffener 260 260 260 10~ 100
Case8 Inner, outer web(triangular) and Stiffener 260 260 260 10~ 100

Load

Fig. 14 FE analysis model of plate

Table 3 Boundary conditions of FE analysis model

Uy Uy Uy Iy Iy Iy
Boundary A Fixed Fixed Fixed Fixed Fixed Movable
Boundary B Fixed Movable Fixed Fixed Fixed Movable
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(b) Failure mode with local deformation by

compressive stress (Mode 2)



(c) Failure mode by web and stiffener deformation

(Mode 3)

(d) Failure mode of Overturning by local buckling
of stiffener (Mode 4)

(e) Failure mode by web and stiffener section loss (Mode 5)

Fig. 15 Failure mode at ultimate bearing strength (deformation scale factor 10)
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Table 4 Bearing strength and failure modes of inner web corroded model

Corroded ratio (%)

0 10 20 30 40 50 60 70 80 90 100

Critical buckling

24610 3,139.0 3,131.0 3,122.0 3,1080 2,833.0 1,953.0 1,103.0 4389.0 87.220 2,957.0
load (Pcr), (kN)

Ultimate bearing

2,419.2 24192 24192 24192 2457.0 2,440.2 24402 2457.0 2419.2 24192 24192
strength (Pu), (KN)

Pu/Pcr ratio 1.0 0.8 0.8 0.8 0.8 0.9 1.3 2.2 55 27.7 0.8
Corroded (Pu)/

Unoonoded by 1 13 13 13 13 12 0.8 05 02 0.0 12

Corroded (Pu)/ 1.0 1.0 10 10 10 1.0 10 10 1.0 1.0 10

Un-corroded (Pu)

Failure mode at

. Model Model Model Model Model Model Mode2 Mode2 Mode2 Mode2 Model
ultimate state

Table 5 Bearing strength and failure modes of outer web corroded model

Corroded ratio (%)

0 10 20 30 40 50 60 70 80 90 100

Critical buckling » yo1 6 31410 30790 29730 28530 26750 20190 12020 4936 962 29110
load (Pcr), (kN)

Ultimate bearing

2,419.2 2,419.2 24192 2419.2 24192 24402 24192 24192 24402 2457.0 2,440.2
strength (Pu), (kN)

Pu/Pcr ratio 1.0 0.8 0.8 0.8 0.9 0.9 1.2 2.0 4.9 25.5 0.8

Corroded (Pu)/

Un-corroded (Pcr) 1.0 13 1.3 1.2 12 11 0.8 0.5 0.2 0.0 1.2

Corroded (Pu)/

Un-corroded (Pu) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Failure mode at

. Model Model Model Model Model Model Mode2 Mode2 Mode2 Mode2 Model
ultimate state

Table 6 Bearing strength and failure modes of stiffener corroded model

Corroded ratio (%)

0 10 20 30 40 50 60 70 80 90 100

Critical buckling

2,461.0 3,051.0 29150 2,741.0 25400 2,331.0 2,108.0 1,251.0 4745 92.3 295.2
load (Pcr), (kN)

Ultimate bearing

2,419.2 24402 24570 24570 24192 23604 2121.0 1,700.0 15399 1,160.0 300.1
strength (Pu), (kN)

Pu/Pcr ratio 1.0 0.8 0.8 0.9 1.0 1.0 1.0 14 3.3 12.6 1.0
Corroded (Pu)/

Unsonoded by 1 12 12 11 10 10 0.9 05 02 0.0 01

Corroded (Pu)/ 1.0 1.0 10 1.0 10 1.0 0.9 07 06 05 0.1

Un-corroded (Pu)

Failure mode at

. Model Model Model Model Model Mode3 Mode3 Mode3 Mode3 Mode4d Moded
ultimate state
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Table 7 Bearing strength and failure modes of inner and out web corroded model

Corroded ratio (%)

50 60 70

80 90 100

0 10 20 30 40
1,817.0 1,009.0 3933 758  4,157.0

2,461.0 3,132.0 3,0520 2,929.0 2,788.0 2,552.0

2,419.2 24192 2,299.5 2,139.9

Critical buckling

load (Pcr), (kN)

Ultimate bearing

strength (Pu), (kN) 24192
Pu/Pcr ratio

Corroded (Pu)/
Un-corroded (Pcr) 10 13 12
Corroded (Pu)/
Un-corroded (Pu) 10 1o 10 10 Lo 1o
Fall_ure mode at Model Model Model Model Model Mode3
ultimate state

2,200.8 2,139.9

2,419.2 24192 24192 2,419.2
0.8 0.9 1.0 13 2.3 5.6 28.2 0.5

1.0 0.8 0.8
0.0 17

0.7 0.4 0.2

1.2 11 1.0

1.0 1.0 0.9 0.9 0.9

Mode3  Mode2

Mode3 Mode3 Mode3

Table 8 Bearing strength and failure modes of inner web and stiffener corroded model

Corroded ratio (%)
0 10 20 30 40 50 60 70 80 ) 100
Critical buckling 5 /61 30410 28900 26930 24560 21630 14320 7437 2632 436 1705
load (Pcr), (kN)
Ulimatebearing ) 1195 54402 24402 24192 23394 19801 16401 11401 9509 8001  560.1
strength (Pu), (kN)
Pu/Pcr ratio 10 10 08 0.8 0.9 10 0.9 12 15 37 184
Corroded (Pu)/
Un-corroded (Per) 1.0 12 12 11 1.0 0.9 0.6 03 0.1 0.0 0.1
Corroded (Pu)/
Un-carroded (Pu 1.0 10 1.0 1.0 1.0 0.8 07 05 04 03 02
Fallyre mode at Model Model Model Model Model Mode3 Mode3 Mode3 Mode3 Mode3 Moded
ultimate state

Table 9 Bearing strength and failure modes of outer web and stiffener corroded model

Corroded ratio (%)
0 10 20 30 40 50 60 70 80 90 100
Critical buckling 5 461 30430 28320 25620 22850 20150 14780 8041 2953  49.2  170.9
load (Pcr), (kN)
Ulimate bearing 1195 54192 24570 2457.0 23793 20399 16000 11600 10200 8001 2201
strength (Pu), (KN)
Pu/Per ratio 1.0 0.8 0.9 1.0 10 1.0 11 14 35 16.3 13
Corroded (Pu)/
Unsoroded (Pory -0 12 12 1.0 09 0.8 06 03 0.1 0.0 0.1
Corroded (Pu)/
Un-carroded (PU) 10 1.0 1.0 10 10 0.8 07 05 0.4 03 0.1
Mode3 Mode3 Mode3 Mode3 Mode3 Mode3 Moded

Failure mode at Model Model Model Model

ultimate state

14



Table 10 Bearing strength and failure modes of inner, outer web and stiffener corroded

Corroded ratio (%)

0 10 20 30 40

50

60 70 80 90 100

Critical buckling
load (Pcr), (kN)

2,461.0 3,032.0 2,798.0 2498.0 2,177.0

1,816.0 1,211.0 6025 195.1 26.1 149.5

Ultimate bearing
strength (Pu), (kN)

2,419.2 24402 24402 24192 21210

1,660.1 1,180.0 680.0 320.0 260.0 160.0

Pu/Pcr ratio 1.0 0.8 0.9 1.0 1.0 0.9 1.0 1.1 1.6 10.0 1.1
Corroded (Pu)/

Unsonoded pe) -0 12 11 1.0 0.9 07 05 0.2 0.1 0.0 0.1

Corroded (Pu)/ 10 1.0 10 1.0 0.9 07 05 03 0.1 0.1 0.1

Un-corroded (Pu)

Failure mode at
ultimate state

Model Model Model Mode3 Mode3

Mode3 Mode3 Mode3 Mode3 Mode5 Moded

Load (kN)
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Load (kN)
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(e) Inner web and stiffener corrosion (Case6)
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(9) Inner web, outer web and stiffener corrosion (Case8)

Fig. 16 Critical buckling load and ultimate strength of plate girder depending on corrosion ratio.
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Fig. 17 Ultimate strength/critical buckling load ratio depending on corrosion ratio
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(f) Outer web and stiffener corrosion (Case7)
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333 BREGZAY A I MBOXADEEX
e i

W MBOAZNY = g4 Fig18 (2R d. AR
& BRI EN D IOKE L O REARIM O 2T .
B SR A B X)) ORI T 244 T — R
XZ2ANWTEH L, ZOKFESIE AASHTO
(American Association of State Highway and
Transportation Officials) D% atHfE#F &L © X (2) % H
WCHEH L, Xfo 113 —kE— A K, E
Y 7=, e IAEER, r I ZEEEE, A
MELREZRT. IFICIVROONTKRFRS %
MNT, R Rz A3 28 | HiGoSTRD
BAXF N Z7HMhT 57201, AU = 7ig &
AASHTO DR FHEEIZ K o TRHR S fEIC EE D
SEREDOET N EZRWTRET 247V, 8 | HTofk
JRTR S & B SR e fer B A PR LTz

P 1 MG OEIEOIRITE T /UL, AT = TiE
ZRAWTIERR L, E.fﬁf“ A B & R BR S IR IR
TEARERMATICE VR L7z, A0 =7 iE4
ﬁ?é@@@%%ﬁéd@ﬁ%%%@bfwéﬁ

(2b) &2 HWTHE L7=. AASHTO DR & JFHEsH
IRIERIEEE AT D | HikG ORENTRE R 2 ik L
ToAER % Fig. 20 12”7

FRHTIZ & o T O AU 72 Bl AR i 17 B0 1749.0
kN, #&RH S 13 2,459.1kN & 72> 7=. Z OREE
— FEEMIG I > THESNS. A=~
iE% AT 28 | HBIcB W TERBEDRWEE
DFJEIR S 1E(2b) L v 4,646.2kN LEE SN, IS
BRI ENZ DK RIR S Tk 2 2T 5.
HHET VICRT 2R S ORI, 8|
MG O FRHTHE RICEELL LT 5. AASHTO 12 X Y
AR SNIERRR S, A0%DERRE2H T HEH |
MG DA FREF AT OFER I L TIX DIk
AR L 5 TEY, KRR OIS DS
RN 40%LL EDOLGEIEEI L TV 5D,

Z O | HIFEDET I WNT, IKEOK )
IXEEERFMEICESEHEIND. %ﬁ%%
XV, AEICKE DI 345N, FEHTEIZ
KINE N7 > 7 OmETH 5 363 kN (23 LT 285
KN TH 5 Ll & 5. Fig-21 1R XL 912, £

12t

12t

Fig. 18 Effective web width of plate girder for bearing resistance of web and stiffener

P, =0.66"F,A; : 1 <225

17

(1)

(2a)

(2b)



Load (kN)

Wil waiha Tar Un-corrd od model

[ }n 0 - & @ m

(a) Critical buckling loads comparison with reaction force
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Fig. 20 Bearing capacity comparison of plate
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(b) Ultimate strengths comparison with reaction force

Fig. 21 Bearing capacity comparison of plate girder with reaction force
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