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Deterioration Characteristics for Bridges in Fukui Prefecture under Conditions of General
Environment, Salt Damage, ASR and Freezing Damage

Kazuhiro TANIWAKI™!
*! Faculty of Engineering, Department of Architecture and Civil Engineering

The deterioration characteristics of bridges have been clarified with progress of inspection of bridges in Fukui
prefecture. In this study, the deterioration transfer curves of member elements are introduced for the bridges in Fukui
prefecture under conditions of general environment, salt damage, ASR and freezing damage. The differences of
characteristics are discussed for bridge types under several conditions. The geographical deterioration characteristics are

clarified by comparing the geographical distributions of bridge deteriorations shown in GIS.
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Table 1 Bridge number under condition of general environment Table 2 Bridge number subjected to salt damage

Bridge type number
RC slab bridge 501 Bridge type number
PC slab bridge 30 RC slab bridge 38
RC girder bridge 93 PC slab bridge 3
PC girder bridge 360 RC girder bridge 4
Steel girder bridge 251 PC girder bridge 41
Steel slab girder bridge 10 Steel girder bridge 4
Total 1245 Total 90
Table 3 Bridge number subjected to ASR Table 4 Bridge number subjected to freezing damage
Bridge type number Bridge type number
RC slab bridge 7 RC slab bridge 33
PC slab bridge 0 PC slab bridge 1
RC girder bridge 2 RC girder bridge 9
PC girder bridge 28 PC girder bridge 19
Steel girder bridge 19 Steel girder bridge 21
Total 56 Total 83

3.1 — IR T OREDLHLERDOFRE

Table 5 Coefficient a in deterioration transfer curves and time reaching at the stage IV for each bridge type

under condition of general environment

Bridge type Feature Coefficient a Time reaching at the stage IV (year)
Slow 7.692E-07 157
Standard 3.775E-06 93
RC slab bridge
Fast 1.019E-05 67
Rapid 2.070E-05 53
Slow 4.074E-06 90
PC slab bridge Standard 2.532E-05 49
Fast 7.715E-05 34
Slab Main girder Crossbeam Slab Main girder | Crossbeam
Slow 4.822E-07 5.788E-07 3.542E-07 184 173 204
Standard 3.671E-06 4.432E-06 3.612E-06 93 88 94
RC girder bridge
Fast 1.047E-05 1.128E-05 9.550E-06 66 64 68
Rapid 4.317E-05 3.242E-05 2.096E-05 41 45 52
Slow 1.162E-06 1.049E-06 2.302E-07 137 142 235
Standard 7.174E-06 8.577E-06 9.517E-06 75 70 68
PC girder bridge
Fast 2.401E-05 2.406E-05 3.340E-05 50 50 45
Rapid 6.858E-05 6.112E-05 9.954E-05 35 37 31
Slow 9.021E-07 2.027E-06 1.080E-06 149 114 141
Standard 6.490E-06 8.589E-06 6.610E-06 7 70 7
Steel girder bridge
Fast 1.710E-05 2.169E-05 1.840E-05 56 52 55
Rapid 5.055E-05 5.528E-05 4.786E-05 39 38 40
Slow
Steel slab girder
bridg Standard 1.174E-06| 7.693E-06 2.885E-06 137 73 101
r e
Fast
Slow 3.890E-07 198
Standard 4.505E-06 87
Substructure
Fast 1.329E-05 61
Rapid 3.701E-05 43
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Table 6 Coefficient a in deterioration transfer curves and time reaching at the stage IV for each bridge type subjected to salt damage

Bridge type Feature Coefficient a Time reaching at the stage IV (year)
Slow 0.000E+00
RC slab bridge | Standard 5.261E-06 83
Fast
Slow
PC slab bridge | Standard 3.021E-06 100
Fast
Slab Main girder Crossbeam Slab Main girder | Crossbeam
Slow
RC girder bridge | Standard | 1.865E-06 3.682E-06 6.008E-07 117 93 171
Fast
Slow 0.000E+00 3.289E-06 1.106E-06 - 97 139
PC girder bridge Standard | 1.470E-05 1.344E-05 1.503E-05 59 61 58
Fast 1.111E-04 3.5625E-05 5.155E-05 30 44 39
Rapid 9.041E-05 32
Slow
Steel girder bridge| Standard | 1.478E-05 1.349E-05 1.034E-05 59 61 66
Fast
Slow 3.734E-07 200
Substructure Standard 5.803E-06 80
Fast 1.823E-05 55
Rapid 5.959E-05 37
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Table 7 Coefficient a in deterioration transfer curves and time reaching at the stage IV for each bridge type subjected to ASR

Bridge type Feature Coefficient a Time reaching at the stage IV (year)
Slow
RC slab bridge | Standard 4.445E-06 88
Fast
Slow
PC slab bridge | Standard
Fast
Slab Main girder Crossheam Slab Main girder | Crossbheam
Slow
RC girder bridge | Standard | 1.135E-05 1.135E-05 1.135E-05 64 64 64
Fast
Slow 0.000E+00 | 0.000E+00 | 0.000E+00 - - -
PC girder bridge | Standard | 8.567E-06 8.499E-06 8.573E-06 70 71 70
Fast 1.997E-05 2.078E-05 2.033E-05 53 52 53
Slow 0.000E+00 4.310E-06 0.000E+00 - 89 -
Steel girder bridge| Standard | 1.442E-05 1.673E-05 1.880E-05 59 56 54
Fast 3.926E-05 4.018E-05 - 42 42 -
Slow 2.554E-06 106
Substructure Standard 7.744E-06 73
Fast 2.123E-05 52
Rapid 4.3334E-05 41

Table 8 Coefficient a in deterioration transfer curves and time reaching at the stage IV for each bridge type subjected to freezing

damage
Bridge type Feature Coefficient a Time reaching at the stage IV (year)
Slow 8.508E-07 152
RC slab bridge | Standard 3.564E-06 94
Fast 8.306E-06 71
Slow
PC slab bridge | Standard 0.000E+00 -
Fast
Slab Main girder Crossheam Slab Main girder | Crossbeam
Slow
RC girder bridge | Standard | 3.446E-06 4.890E-06 2.445E-06 95 85 107
Fast
Slow 1.022E-06 | 0.000E+00 | 0.000E+00 143 - -
PC girder bridge | Standard | 1.221E-05 9.304E-06 1.059E-05 63 69 66
Fast 4.861E-05 2.526E-05 5.690E-05 40 49 37
Slow 0.000E+00 1.986E-06 0.000E+00 — 115 -
Steel girder bridge| Standard | 8.533E-06 1.051E-05 7.838E-06 71 66 73
Fast 2.359E-05 2.348E-05 1.686E-05 50 50 56
Slow 1.275E-06 133
Standard 6.070E-06 79
Substructure T2 1.975E-05 53
Rapid 5.9839E-05 37
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Fig.1 Comparison of deterioration transfer curves of slabs in PC girder bridges for general condition, salt damage, ASR and freezing

damage
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Fig.2 Comparison of deterioration transfer curves of main girders in PC girder bridges for general condition, salt damage, ASR and

freezing damage
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Fig.3 Comparison of deterioration transfer curves of slabs in steel girder bridges for general condition, salt damage, ASR and freezing

damage
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Fig.4 Comparison of deterioration transfer curves of main girders in steel girder bridges for general condition, salt damage, ASR and

freezing damage
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Fig.5 Comparison of deterioration transfer curves of substructures for general condition, salt damage, ASR and freezing damage
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Fig.6 Geographical distribution of bridges subjected to salt damage, ASR and freezing damage
(Salt damage: green, ASR: red, freezing damage: black)
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Fig.7 Geographical distribution of damaged substructures in general environment
(the rating I: blue, the rating II: green, the rating IlI: red)
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Fig.8 Geographical distribution of substructures subjected to salt damage

(the rating I: blue, the rating II: green, the rating I1I: red)
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Fig.10 Geographical distribution of substructures subjected to freezing damage
(the rating I: blue, the rating II: green, the rating III: red)



IR O—REBE T, WH, ASR, HEORELZT HHEROHHE
5 ®%
AWFFETHE SNIAGRITILL T O Y TH 5.

(1) —MEREE T OBROHIZE W TR b AHIEPARWNGEIZER T2 L, RC KRIEIE, 53 F CRAEEIVIZET
HEETHY, HEHFEL) T 5, PCIRIUEIY, 34 4F CIREFEIVISET 5 IEH IR K E TH 5 )Mat 4
MIZE > TODIBRIIAFE L7\, RCHAGTIL, HEEEIVICET DEFIL 41 H£~52 4F L 72> T 5. PCHT
I, EEAEREIVICET DRFM 31 4F~37 = L IEFITHE < 72> T 5. HiIHE TIE, 40 FRE L 2> Tk,
WIEOLN T 2E R TH S, T LIE, 43 ETHRAEIVIOETZHE L 2> TWN5.

QIEEOEE L ZT DIER OB BN TR b EHNGEITEEH T 5 &, RC RMUIGIZEY) 2 wfiiE b
i S AURER7REETH D, PC IRMUKE, RCHIEIIERED D72 < EER 2B DIRRETH D, PC HIHE
1%, 30~32 FFECREESEIVICET HlE & 7e > TV 5. SlTEIL, RN BbThbH. THRITIE, 37
FETHEEEIVIZEL TV 5.

(3) ASR DA ST DGR DHLIZEB N TR bHEDNENGEIZTER T 5 &, RC KRG, RCHIEIIEE
B b 7p FEHER R HLOIRIETH 5. ASR DL 1T 5 PC IRIUBIZAFAE L7V, PCHIEIL, EDOEAL
b S3AFREE CREEIVICEL TRV, HRNHLEE IO THH. NG, 42 FCREEIVIZEL
TEY, BEOHCOEERNR2PCEE THD. FEEITIE, 41 FTRESEIVISEL TW5D.

(4) WEOFELZZT HEROPHIICE N TR BHEDHENGEITEH T 5 L, RCHEBBIL, HEEIVIC
T D EEMIL 71 4R & (L BE IRV, PCIERIE, RCHIBIZE D72, N6 DOHEEITIEEV. PC H#T
BIE, RARTIZ 404, FHTCIL 494, FRHTCIE 37 FECTRELEIVICE L TV A28, IR, Rt OBLED R
AEIZINEA 7. ST 50 F-~56 - CRAEIVICE L TRV, E¥HTHL. TELIE, 374 T
fEAFEIVICE L TV 5.

(5) i3, ASR, WEOKELZ T DEROHIB A OLETIE, BWEITEERIDOICHE L, WNEEET b ERER
IEFINEIN & BN 2 ORI RSN S, ASR 1X, 4EILORNEEEOBEAVIIIALS A L TW\W5. %
72 ASR [ZEERFHUISICIXIZ & A L RSN, HEE, BB ILREEICES LS. sEdbH CIRBE AR
y=1.203591x-128.149453 (x [TARLE, yITHEEEZ ~T) L0 AOILFE O CHE BRSO D, E2ml
EHEIZ ASR DIEZRH ZHA B, ASR ETHED ANA T v RRPIEOBER L EHFET L LD L TSN
D.

BE

1) ETAG®EIEKR, EEEEHREEE Pk 31 4 3 H(2019)

2) (WA A, @HREREN AR~ =271 AL 19 42007)

3) AR EAENERR SRR, EREREFM LSRR Ak 31 43 A(2019)

4) Fhp—ik, KEFHH, @It L OEHROEIERBROPFHECHONT, W LERFEAES46 5
(2016), pp.112-121

5) Aok, WHROR ZRE TICBIT HBROBLEEIZOWT, mIHF LRI 47 5(2017),
pp.85-91

(20214£ 9 H 13 H=Z L)



