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Investigation and Examination about Fatigue of Steel Deck
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Akira Moriyama
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Lately fatigue damaged cases of steel structure, especially steel deck with heavy traffic loading have been reported. Honshu-
Shikoku Bridges were designed and fabricated considering fatigue durability and results of large-scale fatigue tests.
But steel deck structure constructed prior to the Akashi Kaikyo Bridge used details with less fatigue durability. Therefore, we have
carried out stress measurement on the bridge and FEM analysis of stress widening. We describe our proposal on important inspec-
tion points aiming at rational maintenance from the results of these measurement and analysis.
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A Study on Water-jetting Tunnel Wall Cleaner
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Side wall (tiles and panels) of tunnels have been cleaned by rotational brush attached ahead of a multi-purpose vehicle. This ve-
hicle is aged fifteen years and should be renewed in a few years. However, the vehicle cannot be renewed for the two reasons : The
first, the highway we operates has not so many numbers of tunnels, and the second, cost reduction should be made in maintenance
work. Then, we focused on the other type of cleaning vehicle, using high-pressure hydraulic cleaner. The new machine was tested in
an in-service tunnel. The test showed a great cost effectiveness comparing to the ordinary brush cleaner on the multi-purpose vehicle.
The tested machine was renovated to be installed on an ordinary snowplowing truck. This paper introduces the test procedure, ob-
served data on chronological variation of dust on tunnel wall, and design of the water-jet tunnel wall cleaner.
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Corrosion Substance Investigation and Study on Improvement in Dry-air Injection System for the Cable of Suspension Bridge
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In order to prevent the corrosion of the cables of Akashi Kaikyo Bridge, the system (cable air-injection system) which sends dry
air in a cable was installed. This system dries the ambient air and sends into a cable, and in case the open air is taken in, the salt
particle is removed using a salt removal filter. It has investigated about the salt removal performance of a filter after cable air-
injection system installation. Since the examination found a sulfur ingredient inside the cable, a study was carried out to clarify ef-

fects of the sulfur ingredient in air on the cable wires, and the improvement of a air-injection system as well ;

ported.
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Fig.5 The particle size distribution situation of dust
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Tab.5 Mass according to ion per one filter
Ui CL~ SO/ - SHH
_ A 1.7 1.7 - 0.6

F774NF—1

HA 0.6 0.9 - 0.3
5974 N2 AR 0.7 2.5 - 0.8
A 0.7 2.7 nd 0.9
WHBRETINE— 1.0 102.0 - 34.0
ULPA 7 4 V% — 1.4 36.1 nd 12.0

K6 174 N2-4-)DHIX MVEESIUBRITERIIEE
Tab.6 Mass of dust per one filter and Mass according to composi-

tion element

fr i FA MR R Cl S Na
5994 H—1 A 37 2.1 0.9 2.6
5 -

S| 13.7 0.2 0.3 0.6

_ AH 42.8 0.4 0.8 2.2
STTANE—2

H 38.4 0.3 0.6 1.2

BWaBRETA VY — 323.3 0.0 22.1 10.5

ULPA 7 4 V% — 83.4 0.3 11.1 2.5
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Tah.7 Filter passage air at the time of wet and dry
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S 154
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(OHOPLO) 3 (92.9%) (94.7%)
SO~ OxEAO 6.7 14.0
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Tab.8 Detail conditions of corrosion acceleration test

H134E SHOPBERE HI44EE SZBELVRE
BfY D g/m? BifV  g/m?
Ir—2 Cl"y (NaCD) S047. (NaSO.) br—2 Cl- SO,
1 0.06 (0.1) 1 0.03
2 0.18 (0.3) 0.58 (1.0) 2 0.02 0.06
3 5.28 (10) 3 0.10
4 0.06 (0.1) 4 0.09
w5 5 1.82 (3.0) 0.58 (1.0) 5 0.06 0.18
HEE 6 5.28 (10) 6 0.30
7 0.06 (0.1) 5 0.15
8 18.21 (30) 0.58 (1.0) 0.1 0.30
9 5.28 (10) * 0.50
#% NaCl & Na,S0. % ERICRTERMR CIEM S KkEBE, 27V —HEA
+iRERR R R L. BERE NS,
RERIELEE 60C —%& 60C —%&
1 Rh 40% —3E 1 Rh 40% — %
HRERIEEE 2 Rh 40% & Rh 60% % 4 B¢ BEICHHE 5 Rh40% & Rh60% % 4 B % 45
3 Rh40% ¥ Rh 90% % 4 Wi #RE 1ZBRE
R 17H 6 H
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Tab.9 Measurement result of corrosion amount

&S 60C. RH40% —% 60C. RH 40%<—>60% 60T, RH 40%<—=>90%
cr SO R BERE Rl BaEEE Y TR
(g/m’) (g/m?%) (g/m?) (g/m?) (pm) (g/m?) (g/m®) (um) (g/m’) (g/m”) (um)
1 0.07 0.77 1.85 0.26 0.95 1.95 0.27 3.21 5.86 0.82
2 0.18 0.68 0.87 1.60 0.23 1.38 2.82 0.40 6.94 7.51 1.05
3 6.76 0.65 2.37 0.33 2.72 5.17 0.73 13.19 16.94 2.38
4 0.07 4.48 9.33 1.31 12.84 19.56 2.74 15.42 22.28 3.12
5 1.82 0.68 4.26 8.79 1.23 6.45 10.71 1.50 17.06 23.84 3.34
6 6.76 3.21 8.40 1.18 10.45 18. 46 2.59 29.72 34.51 4.84
7 0.07 16.95 39.04 5.47 50.21 81.31 11.40 53.70 91.48 12.83
8 18.21 0.68 12.42 31.83 4. 46 42.73 71.37 10.01 60. 44 93.89 13.16
9 6.76 8.89 27.86 3.91 39.20 66. 61 9.34 46. 68 82.35 11.55
®—10 BEREATHER
Tab.10 Measurement result of corrosion amount
FEESE 60C. RH 40% —%& 60C. RH 40%<=>60%
cl- SO EE R EEH BERE
(g/m?) (g/m?) (g/m?) (g/m?) (pm) (g/m?) (g/m") (um)
1 0.03 0.13 1.02 0.143 0.57 0.68 0.095
2 0.02 0.06 0.55 0.53 0.074 0.74 0.81 0.113
3 0.1 0.66 0.38 0. 054 1.04 1.49 0.208
4 0.09 0.66 1.21 0.170 1.25 1.59 0.223
5 0.06 0.18 1.21 1.38 0.193 1.40 1.59 0.223
6 0.3 1.06 1.00 0.140 2.12 2.00 0. 280
7 0.15 0.91 1.51 0.211 1.61 1.68 0.235
8 0.1 0.3 1.21 1.36 0.190 2.04 2.12 0.298
9 0.5 1.72 1.97 0.277 2.76 3.08 0.432
R—11 HEHRHE
Tab.11 Study plans for improvement
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Seismic Reinforcement Design of the Ibi Viaduct having Flexible Piers
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Manabu Honda

B =

PREEEE GE—. £, F1) . PEABEHCLTHEEEE  RATEELET7 LY TIVEHERAL
EERESEETHY . L2HESICH L TIEROBHFAE TCRARE SO L ARREHBIRDETHIZI LN
HRAL 7o CDO . WAREOTL XS TIUVERHOEEEEDL LEY S, BESBIBED Y > /N\—EAVTH
BHEERT 3HIREBRICOVWTRE 21TV SEND» DRBFNCTHEMMEE 2Rk L 7

Ibi Viaduct (the first, the second, the fifth) is a continuous bridge, which adopted the flexible piers connecting super and sub struc-
tures by pin hinged system.

The viaduct was found that the large-scale reinforcement including the foundation should be required, because the conventional
reinforcement solution could not be suitable for this viaduct against L 2 earthquake motion. For this reason, utilizing the characteris-
tics of the flexible piers efficiently in the design, distributing damping system was studied, which reduced the earthquake force by
the distributed structural dampers. Thus, the rational and economical seismic reinforcement design was achieved.

1. £A0E

FREEEEE. M RERMESEEORKER IC
~WSFIJE IC B AL L. BRI 60 4E 108 &2 4 B Cfit
Azl 7.

AEEEL. S -FREAE~EARESEEE CO
6 BT PNTEBY, €05 L0E—, B RUEBHF H—-1 E—FRSEE
BEEBEOHBBHICIZ 7 LIS T VEN (TEEEA Fig.1 First Ibi Viaduct
TAHEWH) #zHHBELTwS (H—1. 2. 3. 4,

LA, BRISS EOEBBRFESEH SN T
By, LoHBEEHZZELTWhWD, BITOEBE
AHEZBEH L TR WEEIIRERO FRBE, F

% 15 AE BT R R ER BT 2 EMi L 720 ARRIZZ ORR
EHRETHEDIDOTH S,
Ly
., ATV E W s
e REBAEDRIOD. e g B & T gg
//,..
fiif 2 B¢
B L
FEEXK mpty [ - o s
H:bEroX&
M ABXE CT
M—2 BEFEEESE B3 RHE@EL
Fig.2 Fifth Ibi Viaduct Fig.3 Front view of pier
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H—4 BE_(FRSEE
Fig.4 Second Ibi Viaduct

*=—1 RRESFEEOBRET (E—. £=. £4)
Tab.l Dimensions of Ibi Viaduct .
BRe EEITIRR XK T 8 I EHT
BwE (m) XHHE (m) 3G s N B jiZEN T
. F 1Aa #HT RS 9.0m | EE Bz
— o
f%gﬂ iiﬁg%ﬁ H | 2Pa THETERC WA | 17.0m | %BEh | 2- ¢ 3.0
T—MS 45355+45 H | 3Pa IHWERCHM | 34.0m | BEM | 2-43.5
- M 4 Aa 5— A YRIEG 6.5m | BWEML | 4-42.5
. F 1Aa 5— A VRBE 8.0m | HEHML | 4-¢3.0
?Liggfﬁ H 2Pa IRBERCHH | 31.0m | B | 2-93.5
o +4; H | 3Pa THEE RC M | 34.0m | BEH | 2-43.5
50 H | 4Pa TEWH RC W | 30.0m | Wbt | 2-¢ 3.5
_ . M
zigﬁ iiggﬁﬁ F 5Pa RHUARH 5.0m | BREEL | 4-9 2.5
Le105 4225(”42 H 6Pa TRWERCHEN | 2t.om | B | 2-93.0
M 7Pa BRI 3.5m | BEW | 4-¢ 2.5
. F
iiﬁgﬁﬁ H | 8Pa | INFERCHEW | 17.0m | WMk | 2-93.0
4525“42 H 9 Pa TEIBE RCAEM | 25.0m | BB | 2—9¢ 3.0
M 10 Aa # T IEE 7.5m | ¥
. M 22 AA # T EE 10.0m | ¥ EH
BAFE iiﬁ;ﬁ%ﬁ H 23PA IRBERCHEN | 2l.im | BB | 2-93.0
% 36240+40+ H 24 PA TRWE RCHEW | 25.7m | BEH | 2-93.0
L=153 H 25 PA TRIWW RCHW | 18.4m | BHEH | 2-¢ 3.0
36 F_| 26AA BT ABE 10.0m | EE Zke
WTBTDOLEBY, 2EROEFIVTOREBISEHEN %
2. HEBE To 7
ATy RSy | RV 2 HRE) (471, 1)
2.1 ZLx2T7IEHEE T 3BROMEN AT 5 WIS RT (R 7 1, AW A3 5 1)
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Tab.2 Summery of verification results

R | BTBEE | BSEEERE
AL OK 0K OK
o KA AT OK 5P & OUT OK
AR 2L OK OK 0K
XA ouT ouT ouT
i OK OK OK
—— EWE«_‘A&EL 3P M OUT |3,4,5,6,8,9POUT| 2,3,4 POUT
TEWATRE AN OK 0K OK
K ouT ouT ouT

OB A H T, —E ORI T AW 255 2
LR E oo THRIBTRGH Tk A KIS
DIFEAEDNY = THEHTHRAET L0, TAWH
WP T E HWIEAVNES <\ RAMHERA D 20
72D TH 5o

@OFFRDOKE T DR ARH I ZWRE L e VWERE 2o
7oo BRICAEENF OB E XA TIE. &K 58,000 kN
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Tab.3 Result of time history seismic response analysis (First Ibi

viaduct)
HH M@l%iwﬁiﬁi
i} #%
1K 0. 555 1.587
G2 K 0. 453 0.529
&3 K 0. 314 0. 358
% HGEh4 KR 0. 264 0. 289
B | sk 0. 224 0. 260
W MEm ik 0. 446 0. 446
P EA2k 0.222 0.222
HA IR 0.107 0.107
B4R 0.076 0.076
BAS5R 0. 061 0.061
ANERRINEE (gal) 323.0 323.0
FRMEERE (gal) 650.0 165.0
BAREMEE (n) 0.078 0.529
g FE—2 ¥ b+ (kN-m)
A& 2 Pa ABIIZEER 22124.0 38437.0
— | & 3Pa BHEL 28940. 0 52280. 0
? B £ 2 Pa AGMI2LER 132340.0 | 132340.0
p 5 3 Pa G 177322.0 | 177322.0
§ | AR N
| 2 Pa BBAR 2716.0 3059. 0
§ i 3 Pa MR HIIE TR 3667.0 | 2819.0
~ | EA2Pa B 8699. 0 8699. 0
5 3 Pa fGMILER 7595. 0 7595. 0
i 1 Aa BEIAR 22075. 0 —
A& 2 Pa HIgRSLK 1758.0
A&t 3 Pa B3R 3703.0
Wi 4 Pa WK - -
AT RAMEE (gal) 812.0 812.0
BAMAEERE (gal) 1758. 0 161.0
BREMIEE (m) 0.199 0.273
EiFE— 2 ¥ b (KN-m)
Wi 2 Pa MBI HEER 27663. 0 30570. 0
— | H&Wh 3 Pa fEWEER 55449. 0 45811.0
$ A 2 Pa FEMIZEER 145283.0 | 145283.0
P B 3Pa EHWER 249276.0 | 249276.0
§ L EAN (N
| B2 Pa B 4254.0 2717.0
§ Wl 3 Pa HEIIE 2 6461.0 4620.0
~— | Hf2Pa AR 10075. 0 10075. 0
£ 3 Pa ML 11281.0 11281.0
Bl 1 Aa BEK 57644.0 -
&l 2 Pa MIgES A 2857.0
& 3 Pa EIERS0K 8259.1
T 4 Pa WTHYSIR - -
LCHENICEIT 5,)
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PEREIHE S 5t (PEBFTEEM OB 2 &) 133 % MR
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Tab.4 Comparison of reinforcement plans (First Ibi viaduct)
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Tab.6 Verification results of loading capacity, First Ibi viaduct, transverse direction to bridge axis

#F ol HAWTIORE XARDEIE
% & i EigagiiES B ISEAE | AR 6 INERFT | KT/ JisE:3
)] W ¢max oy ¢y/¢gmax | gmax=g¢y | Smax Ps Ps/Smax | Smax=<Ps Rmax Ra Ra/Rmax | Rmax=<Ra
(u+1/m) | (u+1/m) (kN) (kN) (kN) (kN)
1Aa - - - - - - - - 2720.9 9408.0 3.46 O
z 2Pa 634.1 1260.4 1.99 O 9867.8 13294.8 1.99 O 7842.7 6402.0 0.82 X
? 3Pa 83.1 892.4 10.74 O 7840. 6 10224.9 10.74 O 2482.2 6402.0 2.58 O
4 Aa - - = - - - = - 5902.1 3942.0 0.70 X
1Aa - = - - - - = - 7385.2 9408.0 1.27 O
,5; 2Pa 2215.8 3268.3 1.48 O 12865. 1 13533.7 1.05 @] 9450. 3 6402.0 0.68 X
g 3Pa 471.8 2233.1 4.73 O 12016.2 10530. 1 0.88 X 4396. 6 6402. 0 1.46 O
4 Aa - - - - - - - - 9257.7 3942.0 0.43 X
{1Aag > 3—] {4Aa%' /3]
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Present Condition and Countermeasure of Hanger Ropes of Ohnaruto Bridge
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The hanger rope of the Ohnaruto bridge adopted the C.ER.C, which saddled on the cable. The investigation in the 2001 fiscal
year confirmed the corrosion at the mount on the girder side to fix the socket. Hence, investigation and examination aiming at quan-
titative grasp of the condition and the cause of corrosion were started. Four remarkable ropes of fixing part corrosion were sampled
for 2 years in 2002—2003, and precise investigation (appearance, non-destructive tests, tensile tests, internal condition, and corrosion
substance) was conducted. Consequently, the first, at present, there will be needed no strengthening repair for general part of hanger
rope, however, the second, for fixing part, there confirmed remarkable corrosion made the large decrement of strength, and appropri-
ate measure should be taken for from now on. This paper reports the results of precise investigation, the outline of the non-

destructive test technique for hunger rope fixing part, and corrosive protection experiment by paint filling method.
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photo.1 Fixing part of hanger rope
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Tab.l Result of tensile test

p— WA SR | u— 78| BEWE | s?xléﬁ)ﬁ
BEES % mm | kN [X#HfEL% % N/mm’
65 WM Hpdl 9.0 61.9 12330] 77.8 1.17 1.40
67 W Wl 8.5 62.3 |2300| 76.6 0.98 1.48
67 WBF EHA 2.0 62.0 2700 90.0 2.59 1.42
91 e HER 10.5 62.0 [2140{ 71.3 0.83 1.43
91 W HEBEH 3.5 62.0 [2740| 91.3 3.15 1.42
93 W[ EEA 3.2 61.7 |2610| 86.9 4.29 1.47
93 WM —iEe 0.8 61.8 2860 95.4 5.33 1.51
93 MBI —ME 0.5 61.7 |2870| 95.8 5.58 1.43
Hile - 62.0 3001 - - 1.41
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Fig4 Relationship between loss of cross-section and strength dec-

rement
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F—2 REEETTFHER
Tab.2 Summery of predicted decrement of safety factor

i) $ W A 5 IR T RaE
£ (%) (%) (SF)
0 S 60 0.0 0.0 4.3
2 S62 0.0 0.0 4.3
18 H15 10.5 25.2 3.2
20 H17 11.8 27.1 3.1
25 H22 15.1 31.6 2.9
30 H27 18.4 35.8 2.8
35 H 32 21.7 39.7 2.6
37 H34 23.0 41.1 2.5
40 H37 25.0 43.3 2.4
45 H 42 28.3 46.8 2.3
50 H47 31.6 50.2 2.1
54 H51 34.2 52.7 2.0
55 H52 34.9 53.4 2.0
60 H57 38.2 56.5 1.9
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Tab.3 Result of piano wire test

S s 7S IR B

e (B ARHR) 1569 3 246

f (BedhER) 1657 22 341

54 g (f4=EE) 1618 24 315

h(EI7E#k) 1589 5 109

e 1736 25 318

e (BRER) 1648 20 310

f (BHE) 1638 20 314

53 g () 1638 24 317

o h(O55H) 1648 22 62

Ex(d 1706 25 291

e (B AH) 1667 17 280

A f (B Er) 1667 17 260

3 52 g(4EE) 1638 18 262
5 h(OI7E#E) 1628 24 34
e 1716 22 271

g e (BRED) 1628 19 292

b £ (BHHER) 1638 20 322

51 g (fe4Ek) 1618 24 332
h(I7EHR) 1618 24 26

FilE 1687 26 302

e (BAE) 1628 25 350

f (BhEs) 1628 24 344

30 g (E£#) 1618 24 331
h(O7CHE) 1628 24 -

e 1697 25 340

e (EE) 1510 1 164

f (B ER) 1657 17 282

g §1-1 | g(£#) 1648 24 291
R h(E7EER) 1598 2 81

z it 1706 22 272

- e (BEL) 1667 24 273

Z f (BdER) 1648 20 307

. 50-1 g (E&Ep) 1648 26 293
h(CIEER) 1677 24 -

it 1706 25 291

e (&) 1540 2 157

f (R 1638 19 301

a 51-0 | g(fEe#r) 1638 24 282
2 h(5THR) - - _
b RS 1706 25 291
7 e (WA 1628 23 212
v 1 (i) 1638 21 276
Bl s0-0 | geem 1638 2 289
h(A7EHR) - - -

e 1716 26 289
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Tab.4 Result of measurement of cross-sectional area

i 55 £L 38 (No.e) | BB (Nod) (#4558 (No.g) | # #6 (Noh)
R W R AR (mm?) 1.948 1. 969 1.953 1.885
Nof {29 5 H (%) 98.9 100 99.2 95.7
LRI X B HEEM (%) 99.5~99.8 100 99.9 94.6~96.3
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Fig.6 Example of identified wave shape by electro-magnetic ultra-

sonic method
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Tab.6 Corrosion substances and analysis on corrosion elements

U > T
No.1 No.2 No. 3 No. 4 No.5 No. 6 KB KE
pas I =
CER (H 12 4 )
67 #8567 91 891 a9l |No.l~vV7o b
W EA [EEE EE] BN EER ERN EES B0 RS | BRI
o —ory —FeOOH| & —ory —~FeOOH | ~ory ~ FeOOH| & —ory —FeOOH| & —ory —FeOOH| & —ory ~FeOOH| e —ory ~FeOOH
Fig o ST Fe0s* Fe;0,
W A B DR - T e Fe0s
|Zn (OH), Zn(OH), Zn(OH), Zn(OH). Zn(OH). Zn(OH),
i N K
D SROET, Zn0 700 Zn0 Zn0 Zn0
ES %y Nz.Fe Nz.Fe Nz.Fe Nz.Fe Zn. Ti Nz.Fe Nz.Fe
PR e e - — — - — -
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Current Condition of the Paint on the Strait-crossing Long-span Bridges served for 15 years
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The Seto Ohashi bridges have served for 15 years after completion and deterioration of the paint films have been increased re-
cently. The peeling-off of paint layers between top and middle coats, which has not been observed in other bridges, has been in-
creased as well.

In this paper, reported are the condition of the paint before the repainting work, the problem of the current paint specifications,
and the desirable paint inspection.
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Fig.1 General drawing of the Seto Ohashi bridges
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Tab.3 Prediction of layer thickness
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Tab.6 Summery of bond force measurement
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The Repair Plan of Expansion Joint of Seto Chuo Expressway (Hayashima portion)
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Seto Chuo Expressway is aged 16 years after opening, and damage has occurred on some parts of expansion joint of bridges. In
these parts, repair and improvement works was carried out one by one. The initial joint structure shows some characteristic damage.
The paper describes the repair and the improvement method which are enforced concurrently, and summarizes damage conditions.
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photo.1 Erection of steel girder. Main beams have been erected

and deck slab works are started.
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photo.2 Splice of steel girder by torque-shear type HT bolts. Pin-
tails are left.

EE-3 EOKRRTORR. BF0RL MFEC, EiasrEn
w3,
photo.3 Condition of under side of deck slab. The bolts of cross

beam have been lost and the cross beam inclines.
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photo.4 Corrosion and short of sectional area of a lower chord

member at steel truss girder. Same damages can be seen
at bearings, lower lateral bracing and portal bracing. On
a bridge near seaside, corrosion of upper lateral bracing

or upper chord member can be seen, too.
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photo.5 Road surface condition of steel deck girders. Longitudinal

crack along U-shaped stiffener, stripping of pavement and
pothole have occurred. The faulting of pavement at center

area has repaired.
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photo.6 Subsidence of roadbed. RC slab has damaged and sub-
sided. Once repaired area subsided again. Steel bar can

be seen in concrete fragments.
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photo.7 Substructure of steel deck girder. This is a bank seat
abutment on piles. However, the embankment has been

washed out.
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EE—1 Athi BHHA
photo.1 Existing Athi Bridge
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BHE—2 Missing Link & DA
photo.2 A Typical Sample of Missing Link Road
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BE—3 BITOKRv bF—ILH#EEH
photo.3 Existing potholes patting Activity
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