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Investigation and Repair Work for Non-Designed Welded-Joints on the Kurushima-Kaikyo-Ohashi-Minami Viaduct
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A letter was delivered at the Third Operation Bureau of the Honshu-Shikoku Bridge Authority and it indicted the existence of a
welding joint on a steel girder of the Kurushima-Kaikyo-Ohashi-Minami Viaduct which had been made without any permission from
the Authority. A technical committee was established and an investigation had been carried out using non-destructive method and the
improper welding joint was finally identified. This report shows various studies to identify/evaluate the welding which has not seen
in as-built drawings, and to select repair methods and the adopted repair works.
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Tab.3 Comparison of reinforced method for the web
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Investigation and Consideration for the Quality of Shop Welded Joints
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HSBA's investigation at Kurushima-Kaikyo-Ohashi-Minami Viaduct revealed that unauthorized attachment of the member had
been conducted at manufacture stage.
Through on-site investigation on quality of the unauthorized welded joint, it was judged that quality control method at manufacture
and quality of the product need to be confirmed, and extensive investigation was conducted.
As a result, it was found that the poor weld that did not satisfy quality requirements of HSBA's standard was included. This paper
reports on confirmation of the weld quality of Kurushima-Kaikyo-Ohashi-Minami Viaduct, occurrence cause identification of the

poor weld, and future task for quality control on steel bridge manufacture.
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Tab.l Results of radiographic test on 2 F 26
7SRV SRR (mm) | & 3R REEIRI (RS X &) x|

B 0.7mmx3
LF-1 293 4
1P 16 mm, 22 mm

LF-2 346 1P 50mm. 15mm. 9mm., 6mm, 5mm| 4
1P 30 mm, 11 mm, 5mm

LF-7 346 4
B 1mmx2, 0.8 mm
B 0.7 mm X2

LF -8 346 4
1P 106 mm

LF-13 346 IP 117 mm, 36 mm, 16 mm 4

LF-14 293 iy 104 mm 4

¥l RANVEBRE-2DEBY,
%2 ETHEOBR7T—F—, IPEBAARRETH 5,

F—2 IRV FRETEIRML

Tab.2 Rationale of extraction rate
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Tab.3 Classification of flaws B mm
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Fig.3 Investigation site (Bannosu Viaduct)
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Tab.4 Failing welded joints (ultrasonic flaw detecting test)
e Az =7 R =<3 B

1 |1F15 | F75v¥ | BO | 15mmx12mm | AK, CK I
2 | 1R8 XS Gr® | 16mmx15mm | CK, DK X
3 | 2F1 | F79vY | B® | 10mmx10mm | AK, DK I
4 | 2F4 | T79vY | GG@ | 26mmx26mm | CK, DX X
5 2F6 | T75vY | B® | 26mmx23mm | AK, CK X
6 | 2F17 | F75v¥Y | BO | 10mmx11lmm AK I
7 | 2F26 | T79vY | BO | 10mmX12mm AK 1
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Tab.5 Classification of No.1 and No.4 flaw classes i mm
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Tab.6 Classification of No.2 flaw class WA mm
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Tab.7 Results of radiographic tests on the failing welded joints

1F15 (IB3%) 2F1 (1BA%) 2F6 (X Bi5E) 2F 17 (IFA%E)
LF1 |2%|2%|LF1-R| — | - |LF1-R|2#|34| LF1 1§38
LF2 [1® |18 |LF1-L| - | - |LF1-L| - | — | LF2 |2H|44
LF3 (1% |18 |LF2-R|2#|44|LF2-R| — | — | LF3 |28 4%
LF4 |28\ 48| LF2- L| 28| 45| LF2-L |18 | 15| LF4 |1L28|138
LF5 |2\ 4#/|LF3-R|2#|4#|LF3-R|14|1%| LF5 |1#|1%
LF6 |2M |28 |LF3- L|2/|44|LF3-L|1 |14 LFé |1# |18
LF7 |2\ 48| LF4- R| 2| 48| LF4 -R|1HE |1 80| LF7 |2#) 45
LF8 |2FE{4 %8| LF4- L| 2/ | 44| LFA-L|\ 18|28 | LF8 [2f| 44
LF9 |28\ 44| LF5- R| 2 FE| 4 8F|LF5 - R| 1% 14| LFY | — | —
LF10 |28 4| LF5-L |17 |28 |LF5-L| 18 |1 %8| LF10 | — | —
LF11 |28 4%|LF6-R|1& |18 |LF6-R| — | — | LF1l |18 2%
LF12 |2F#| 48| LF6- L|2F| 448|LF6-L| — | — | LF12 |2/|48
LF13 |27\ 44| LF7-R|1 ¥ |28 |LF7 -R| - | — | LF13 |2#8| 448
LF14 | - | — |[LF7-L|1%|28|LF7-L} — | — | LF14 |27|4%0
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Photo.2 Macro observation of core cross-section (2 F 6)
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Photo.3 Micro observation for flaws
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Photo.4 SEM photo of the forced sliced face
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Photo.5 SEM photo of the forced sliced face (close-up)
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Photo.7 Micro-observation for flaw (2 F 26)
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Fig.5 Shape regulations value for X-shape joint geometry
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Feasibly Study on Repair Work of the Deteriorated Zinc Plated Member
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Repair coating is the most suitable for maintenance way, lighting facilities and guard fence, while re-plating is the most suitable
for grating in comparison of the rehabilitation plans. It is considered that overplanting high concentration zinc containing paints is
effective where on-street execution costs greatly, and soundness of the paint film was investigated at lighting facilities of Bannosu
Bridge after two years’ completion. Feasibility of aluminum re-plating to the zinc plated material was investigated in view of appear-
ances, distortion and flexing resistance, and favorable results were obtained.
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Fig.1 Composition of zinc plated coating
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Tab.3 Comparison of rehabilitation plans on zinc plated member
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Tab.4 Results of salt spray test and temperature cyclic test
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Fig.2 Outline of combined cyclic corrosion test
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Tab.5 Results of combined cyclic corrosion test
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Tab.6 Repair coating specifications
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Tab.7 Soundness of paint film (Bannosu Viaduct)
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Tab.8 Distortion and Plating thickness
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Tab.9 Condition of flexure test
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Tab.10 Flexure test results
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Seismic verification and retrofitting of multi-column foundation of Ohnaruto Bridge
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This report shows results of performance check against Level-2 earthquake and seismic retrofit including anti-corrosion for the
multi-column foundation of Ohnaruto Bridge. The foundation consists of several columns which have steel pipe at the surface and
concrete inside. The steel pipes had been considered merely as a protection of the concrete. According to the seismic performance
check, the foundation did not have enough shearing strength against Level-2 earthquake. On the other, the check also revealed if the
steel pipes were included as a part of cross section of the columns, they would have added shear strength to the columns sufficiently
to resist the Level-2 earthquake. Therefore, anti-corrosion works have been carried out in order to maintain the soundness of the

steel pipes.
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Fig.l General drawing of Ohnaruto Bridge
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Fig.2 General view of multi-column foundation
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Fig.3 Structure of multi-column foundation
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Fig4 Analytical model
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Tab.l1 Damping coefficient

Wb W
AR 0. 02 GERH)

o 0.05(RC #H. BILREZR)
TERE 0.02 (RC #b, BBPEREF)
LR 0.2 CLEEEFR)

F—2 LA ERZIECEFAALEAROBAEDE

Tab.2 Combination of natural frequency and damping

IREIBCT BR IREIR LR
(LERHEE o AR o E )
IRENEK f (Hz) 0.20 20. 00
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Fig.5 Input earthquake motions
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Tab.3 Maximum response of structure
(1) EEhAm
BAEE 7] BAEM | WA
(m/s?) (sec) (m) (sec)
R 1A IR P 3.609 5.20 0.095 5.16
W LR R 2.693 10.14 0.169 18.81
HERIHT 5 A BIEIEH PR 2.918 5.18 0.103 4.68
3PHH 7.983 8.57 0.138 18.85
4P¥H 7.706 8.57 0. 099 11.95
2 P BAETHRR 5.437 6.74 0.019 4.83
3P ARETHRR 6.406 6.74 0.010 6.79
4 P EERETHRR 6.576 6.74 0.009 6.79

(2) B#EATRA

BRANEEE (53] RARZENL g%l

(my/s”) (sec) (m) (sec)

TBMHT 1 A BRI e 5.418 7.20 0.179 11.04
AT H D28 v 8.619 7.85 0. 160 4.69
HHEIHT 5 A RIHIEER Aot 5.036 8.95 0.182 10.04
3PH#TH 9.336 7.19 0.130 4.66
4P %R 10.574 9.19 0.126 4.66
2 P EHETHRR 5.643 6. 65 0.018 7.44
3 P AT 7.378 6.73 0.008 4.79
4 P HBETAR 7.523 6.73 0.007 4.79
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Tab.4 Survey results of corrosion
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Photo.1 Corrosion of steel pipes
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Fig.11 Loss of aluminum spraying and corresion (3 P, extended)
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Tab.5  Decreasing of thickness and corrosion rate
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Tab.6 Anti-corrosion methods
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Tab.7 Comparison of anti-corrosion methods
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Development of Vacuum-Sucker Wheel Gondola
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It is one of the important subjects for the maintenance of concrete structures under salty condition to take preventive measures
against the steel corrosion by salt damage or neutralization. For taking these maintenance works, normal scaffolding is usually used
for approaching target members. However, it takes much cost and length of setting and removal. As it is impossible to apply this
normal scaffolding to all structures continuously, therefore, the safety, reliable, short-term and cheep approach method is looking for.
As a result, we contrived and developed this vacuum-sucker wheel gondola. This paper introduces the technical assignment and so-

lution, test of sucker power and forward assignments.
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Fig.1 Vacuum-Sacker Wheel Gondola
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Photo.1 Normal scaffolding of Ohnaruto Bridge
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Photo.2 Magnetic wheel gondola
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Photo.3 Magnetic wheel
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Fig.2 Vacuum-Sacker mechanism concept of wheel form
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Photo.4 Sucker pad
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Photo.5 Working of sucker pad

T, FskaTld % CAAERE THAND H 5 B L
HThhb,

4.2 FMRBEDOMEK

(1) BEEIBRRETELWE /Y F

SRR T RHREICBE G AR VTARR ) &b EE
Ny F (BE—4) #8EL. MMEOBEEE:ZHEREL
7o SOy FEEHATAZILIZLY, BE-50LD
WM MNETOMEICEESEL I L HES,
(2) WREAEHE

HEORBEAOITF A A M) Ea—F N T2 llAAR,
BEEICHE L TWABNY FOARZRERT 5 M E R EE TF
Wl72e SRICIVE—4D XS ICBEEICELTWS 3
Xy FORIZEICEEIER IS NS,

(3) EZRARME

BZeR R ICIE ERR Y TR V2 ¥ — (R
—5) AL CERE2BRECERTLZI VTV v —
FREDBD, 2Ty —R@BHBIcE BE-TH
DILRAMICER, AEABORBEDESICHETES
72dary Ly —FRERA LA, SEERH LA
NRE—=a 7L yH—=T, PEBEREOLD AT TR T
&, V¥ —FELyFREEEDOIT Y FS L
NEGIHERTE 5,

5. EAXER
BE ORGSR R 2 RS HR 2 A LENERZ ER_ L

720

Vol.29 No.104 2005.3

LI L

WIBEE RS Y RO LT
R—4 F4XMJE21—2NT
Fig4 Distributor hub

> ZER O

E%@%l

s T Lo
ik

(RFESvRED)

H—5 IJry4—-DHEERERE

Fig.5 Vacuum generating principle of ejector

(=7 —L0)

5.1 RERFERIER
EBOELFEFBEH I, OEZREHE LTHELNS
HigOWE. Ot BELEN%MIET 5 720 O Bl Ok
BHH @QBEROEEIC L 2 EREAEE.OF 7 A F v —
DOFEBHERETDH %o

5.2 EBREE
EBREBEOHBRER—6IIRT, T2, EBRTOET
Wik, B#2W ooy 2 ) - NEHEETTTZ R
Fr—% QBRE U/ EREE A L, BAEE L H
. EBOIT Y FSICEELEHF R L)Y Y
y— x4 M eBE, BERAF—VICEDETERRESS
L7 (ER—6. BEE—7) .

5.3 EER#HER

(1) BZEEN
BZEWEINE, BEEICESE SE-EREHFICT] o0k
D, BEESHET L L XORKFIEFI LI EHEL 7.
EBRREDORENZMET — 5 2——7 125775

W& BE A 5 —T0kpa THREDEZEEICELEL.
Bl X FASUBIEA 54 588 N (60 kgf) TEEME A & FH A
NEZE D KGAEICR S, SOFIEFABLh=WEDH &
O, MEHE, S RASEN (59.7kgl) . &b
516 N (52.7 kgh) OF—%»HBo5hiz,

39



Ik, 1HEEY ) OWETE 490N (50kef) &
LThH, 4 HiEgTIX 1960 N (200 kgf) D W5 531 BE T,
VEERETSICEOND 2 L 2R L

(2) BEREEHD

MEEHIE, W SEEROMZ BTG 5k D .
HIATNLS, b LAEFPNLEEORKT | IRY %
WE L7z EBRIEOREZWZBET— 5 2X—8II/RT .

wARGI o8k Y ) =Bl OB & 2 0 WEk R
5, # K272N (27.8kgl). & /N214N (21.9kgl) @
T =5 w37z, S 1 BHE T oo 72720, Ko
4B TORE L72REY X DV EWERH TV L E 2
NEA5 1 HlgY7- ) ORHKHIT % FIHHED 245 N (25
kgf) £ LThH, 4HETIFION (100 kg A ED5+
SicELn, LEEBEWE L.  OERY & EE
WHET L L 16.7m/s B L. I FIEEPILR
HOOm/s PHATOHWALERIZITHITHSE E v
5%,

(3) bk

EHR A, BEmICRE L ERET —ERECTHE
ST, #FE L2y F3M@IICEDEZID M, Sy
R OB ZZEE TGN AE R 2 MR L7z, RO —#W
ZHETF— 7 #E—9 TR T,

Ny F3EAPRELRDDH->TnHI G, HEIZ3
%y PR L. F72. FHZEE L BREIZER ORI
b CERBETRE L. 1 B D FARICR2Tw 5,
L), BEOYRIFHMBTHEITLITED,
BIF 7 E iR SRR C & 72,

(4) 77 AF v — TR

FIOAFx—OFHIBLIZ. I—1012RTLHICE
AEEE, EBET 7 AF ¥ —TFHICELET L. OQLE
Be Ty FIRANCTI&AA, BEEZEIVBT, @LERK
AR, THEEZT AL, OBEZRIBLLZSE
BRET 5. COMELHEDEL LA TS (FRERILH),

EBRTIE, FATREOABRPIELTLZERL,
PRI 250 0 L LBMEZ MERR L 720

VU EOEBEE,S, FHE L D RIFERIE O,
F 7o OBERREIZME RS 5, OWED. HE

HIAEKE . Skef/om2
B|FEEZORE : -690mmHg
HRE o 27L/min
ELHEE . 44L/min 10165
T 5
o
£ ) o
11N | o |
H ke
BN RV ] 9( . RAEER
Iz
|
L]
U YAV =7 - ol
REER

H—6 REREEDEK

Fig.6 Construction of experiment device
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Photo.5 Recovery work for debris flow on the main

road
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Photo.6 Accumulated soil and rocks on the main and

service roads
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Photo.8 A shot from the upstream side to the road side
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Photo.9 A shot from the upstream side to the parking

area
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Photo.10 The uppermost point of the debris flow
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Fig.2 A Pattern diagram of the landslide

mbhiJiz

16 FEOEEIE. BEFNICASL EREER S,
FCHE 21 5. 23 BRIk B A HEBT 3 5 X 9 ITBRITIR
. BRZHBERDL S L. MEREBMEICBITS
EATHRHFIRBITIELD HBIEZENPIILOVT VS, ZTD
BEREEORAZHICLT, AFOEREHE, il
BB EWOEREY EO X H IR - FHET 5 T2

BESSBHECBIIL2EHOBEL S0 6720 THI &
&oto;@ﬂﬂ%éﬁbfﬁﬁﬁ%%méﬁw%ﬁ&
HEREHPLETDH 5,

BEIC, AREORELRIIGE FEEL TV 22WH
BEMOF 2 CEHBP L EFEF L & BT, oI
FEHREEESTEEO B KSVE -4 O THREIDK
HTLERETH D,

45



BHNRE (T FAET7 /T F 1 IVESTH)

Overseas Report (Ethiopia / New Blue Nile River Bridge)
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Fig.1 The Nile
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BE-1 REOCEFIIE
photo.1 Existing Blue Nile River Bridge
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photo.2 Construction of Blue Nile Bridge
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photo.3 Damage of Slab
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photo.4 Marks of repair of slab
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photo.5 Damage of pier (peel off and exposure)
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Fig.3 Earthquake zone and Acceleration coefficient
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Fig4 General drawing of New Blue Nile River Bridge
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photo.6 New Blue Nile River Bridge (Image)
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