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Synopsis :

This paper reports the inspection results of corrosion of port and harbour structures at
Chiba Works and maintenance techniques for them. Differences in the corrosion rate of
steel material between with and without corrosion protection was investigated.
Electrode potential monitoring and visual inspection of aluminum alloy anode were
proved to be effective in quality control of cathodic protection. The life of anode is
expected to be extended by coating the structure at the tidal zone. For localized holes at
steel pipe piles and steel sheet piles, some repairing methods have been developed and
carried out. Finally the newly developed KPP (Kawasaki polyethylene or urethane resin

coated pipe) pile is introduced as heavy-duty protective treatment.
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Synopsis:

This paper reports the inspection results of corrosion of port and
harbour structures at Chiba Works and maintenance techniques for
them. Differences in the corrosion rate of steel material between
with and without corrosion protection was investigated. Electrode
potential monitoring and visual inspection of aluminum alloy anode
were proved to be effective in quality control of cathodic protection,
The life of anode is expected to be extended by coating the structure
at the tidal zone. For localized holes at steel pipe piles and steel
sheet piles, some repairing methods have been developed and carried
out. Finally the newly developed KPP (Kawasaki polyethylene
or urethane resin coated pipe) pile is introduced as heavy-duty

protective treatment.

Eagibtasbdic, BEHRESEY~OBREOFEHEM, B
BHELVEERORE EFRRRERTOFERL X oRANEY
L TWA,

ZOFEEL, EESHTERBNCKSGCTIRETT-> TEALH
BMEH T BABE R LOHE - BBRTT oW TE ER
L DTHEB,

2 TRUESFCHUIEZRBEHORE

TR, TETHIORBRYEDIIT UER LR
BiTh b, 190 i@y aigah, BETEARTE, ARHER
LOETH% e THRMGERI 863 ha i BA TV BY, S,
FEE: - BEEECRE L LT av o U — FREMMEAS AT, B
BED~ORMCFACELTIX, 1956 FoRTHQ - 2nH
BRREWTEALoNBETh Y, KAFESE LTI, 1961 4
CATHL A -ATEBEFASEY, ETRO- -2 THEEEY
FEL-0RETMTHEL, L0, TEMNEFNORRBRL L LICHEN
R LA-ER - REEML, BEoREMEWRIER 20.7km
D5 B 60% Tt b 12.3km AYRRI L 7 o T By

TEBBMCRBFAFELLTHELII»BERFELYFERHL T



62 EEEEEOREE AL TR

|-+ KPP'84 |

1 Aluminum ahllo ¢ anode system
! u }i ¥ ~

i .
Impressed current system._
| ;

10000

L ( Main plant reclamatinn)
st‘art {1951}

~ West plant reclamation
3000 T Grart (1969)

" Oihama area
- reclamation start
|

}(196‘2)i ..
i ]

1960 70 80 il

Non corrosien protection

Length of steel revetment and wharf (m)

Fig. 1 History of corresion protection method at Chiba Works
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Table 1 Method of corrosion protection for wharves and revet-
ments at Chiba Works

Finish | Corrosion
Structural type 3 !
Symbol | (gia. (mm) x thick. (mm)) | of con- | protee
B (Berth) Steel walled pipe piles 1965 | (D('65)
(863.6x 10.3) ("79)
C (Berth} Steel walled pipe piles 1968 | (D('68)
{1016.0x10.3) @(’79,'89)
E (Berth) Steel pipe piles (762.0x7.1) | 1964 | @3B
(609.6x9.0) ('84)
a (Water Steel pipe piles (318.5x6.9) | 1972 | @®{'89)
entrance)
L (Berth) Steel sheet pile cell (KSP-F} | 1961 | (D{’64)
(9X'79,'89)
O (Revet- Steel pipe pile (300 x6.4) 1961 5)('84)
ment) | Steel plate (16) 2('90)
P (Berth) Steel pipe pile 1971 | ®('90)
(508, 660x7.9)
Steel sheet pile (KSP-II)
R (Berth) Steel walled pipe piles 1962 | ®E(’79)
(508.8%9.0)
OA (Berth) | Steel walled pipe piles 1966 {(1(’66)
(660%7.1) @(79)
OD (Berth) | Steel walled pipe piles 1968 | {D('69)
(1016.0% 10.3) 3('82)
OD’ (Revet- | Steel walled pipe piles 1968
ment) {1016.0x10.3)
OT (Berth) | Steel pipe pile (508.0x%9.5) 1973 | @@ (’86)
Steel sheet pile (KSP-IV)
b (Bridge) | Steel pipe pile (914.4x12) 1971 | @3 (87)
W8 (Revet- | Steel sheet pile (KSP-IV) 1971 | @(88)
ment)
SA (Berth) | Steel pipe pile (609.6x12) 1973 | @@ ('87)
W5 (Revet- | Steel sheet pile (KSP-IV) 1971
ment)
W4 (Revet- | Steel sheet pile (KSP-IV) 1971
ment}
NA {Berth) | Steel pipe pile 1985 | @,@®)(’85)
(800~914.4 x 12~15,88)
W3 (Revet- | Steel sheet pile (KSP-IV) 1971 | @(71)
ment) &&(’'86)

*. Corrosion protection method:
(D Cathodic protection by impressed current
(® Cathodic protection by aluminum alloy anode
® Heavy duty polyethylene coated pipe (KPP)
@ Coating
& Repair
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Fig. 5 Results of thickness measurement at West Plant
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Fig. 6 Results of thickness measurement at Qihama area
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Table 2 Repairing method for wharves and revetments at

Chiba Works
Name | Year State of corrosion Repairing method
R berth | 1979 | « Steel pipe piles heavily | - Steel plate weld at
corroded the holes
- Some localized holes | - Aluminum alloy an-
through steel plate at | ode installed
the piles
E berth | 1984 | - Steel pipe piles heavily | - Protection by poly-
corroded ethylene coated pipes
+ Remaining wall thick- (KPP}
ness of piles were 7.5 | - Additional KPP piles
mm to 8.5 mm (initial | driven
9.0 mm)
- Some localized holes
through steel plate at
the piles
O revet- | 1984 | - Steel pipe piles and |- Steel plate covering
ment steel plates heavily | and cement mortal in-
corroded jection
» Some holes through
steel plate at the plates
Connec- | 1987 | - Steel pipe piles heavily | - Protection by ure-
tion corraded thane resin  coated
brldg(eb) - Remaining wall thick- L':Etejz:nd concrete 1n-
ness of piles were 7.6 |
mm (initial 12.0 mm) |+ Aluminum alloy an-
ode installed
Sea 1989 | - Steel pipes heavily | - Replaced by KPP piles
water corroded
entral(‘t;:)e - Some localized holes
through steel plate at
the piles
P berth | 1990 | . Steel pipe piles and |+ Protection by ure-
sheet piles heavily | thane resin coated
corroded pipes and cement mor-
. Remaining wall thick. | @l injection
ness of piles were 4.3 | - Steel plate weld at the
to 6.0mm (initial 7.9 | hole of the sheet piles
mm)
. Some localized holes
through steel plate at
the pipe piles and
sheet piles

JIN B3 sk R Vol. 23 No. 1 1991



66 EEHREMORRL AL TR

AT TEHARBOEECh - L THB. FEAHRIRA
—A, OMFE, HEEHH(bHE), P —A0L ) cilEE#EEY
OEBAT LS TELITC L FEET L& 1 7L, EA-2PHE
KEKO 7 5 #REEEEAE(a A O X S ERREN Y RESL D
WILEERR IR E L CHROBED Lo B4 F L DDt D
nhe

R4 — AT, EERCERILI AL, FELWAME L TR
Blict, ERACHTIREHERCLVEELL S A TEKUER
Lo

EA—ATi, BELETHCAERG E T REGENAR
$GHE (KPP R L) Bttt C, Bz v 2 ) — FRTRLT
H/EL.

OFrcid, ST YECERILY S E, FELDAME L CH
WL te, BN BEEDHTRIC SR & R b DI X - TRE b 31,
=2 v b BAZATTE LU

HEBESE (bHS) OBHOMEMIL, Fig. 5 wrRT X5,
LWL {fEOBRENELh-tld, TVEV/ZTANT—TH
W LA o @%e TiEE I CBREL, BETHEIEEBEL
OBl AFa vy 7V — P RFTERLTEE L.

WA D 2 % w8 LR s LK) ORI T, BRI AR
M L TEIFRMEHAITRL, Tof, HRieHEL,

PA—ATIX 3.2~ X 510, #EES L USEEmc Rl
MR L T\ intodd, SR WTIES TIRLHEEL, 4, M
BRI »Tit, APBETECRIEALLE Y v Ay =5 R =~
HEONE AFHFA L HHBET -7

Steel pipe pile

4.4 BEEAMERO_BEERWESLE

Table 2 G~ mEEROTC, —EHER L oHIEFEZ D
Tihi~N5,
4.4.1 —EHEAWBEHEORYARRD

FEEEE (bih) CHEHASETNE ZEESR T L LR
2, B TERCET D, HEYERZEOLDOEY AR TR T
2 fs

ERTHESRHN LigEs 1 7% Fig. 9 i, BAMNSES
M, e L tAFc I Ts 2171, 2147
1 & A RAmERE T, Wi UM eREEm L, @i
LTV 7 X omdtss 472, BAMAREER T, i
EHLTAECHEL, BAc LTRBTFRETHE T2 1
73, BT 02 1S40 4EHIToWT, MITRREERRR
iTate ok, BESMITHEF v, AE08.0mm, BE
9.0 mm, fEEEEF AMTIIAET20.0mm, HE7.6 mm ORE
g iAWY A
HITRRCOWE & SHlEPREN B & 0o Bfy Fig. 10 R
Fo BEREO s 4 FACENTHBEREHRLIcz 1 71 ~84
7 3 0EEE, A—WECHETAEMIVNE {, AT L DR
#omEaE HhhTwa,
ERRBRTONELESEMNE &L 0EY Fig. 11 rid. &
AL LWEP AL EECIE L X 5 A EAERL T
B, R4 7 LIBERED % 1 7 4R TR KIE P #3120
BERETHD, BT AIMEBIILN I LB, —

{¢508.0 mm {=09.0mm)

< = / - Shear
B N;j| Concrete —I'g ﬁ | connector
R glst: A (R.9% 2.5 mm)
. : i1 Outer pipe S\2F 70
Sa?if#:sls ™ ( ¢ 720 mm )” Bl '\
=027 mm Q//ﬁ\\§/)=rsmm LI
-3 ' = 2 o
" g % 5
e\ 7N r\ \ \ Residual
i . IR - thickness
- 2 ) i} =027 mm
N 1 N
N
Type 1 (without shear connector} Type Z {with shear connector)
ﬁw
Residual &
thickness
t=45mm LN \
[ ]
TN TN

Type 3 (Thickness of the plate

is half by corrosion

)

Type 4 (Primary pipe)

Fig. 9 Specimens for loading teste
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Specimen p, .,
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1 ] 1 /’ A L
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ya(mm)

Fig. 10 Load (P)-displacement at the centre (¥,) in the bend

test
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/:-\ ----------- \\ ‘yﬂ
PO LY
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400 /’ \ - ',‘;
s N 1
- L .‘l," ////\ :',, Specimen P,
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'/ P ’ ————2 415
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[
J VA |
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yu (mm)

Fig. 11 Load (P)-displacement at the top {¥3) in the com-
pression test

H, VFERO A AT 2IIBERTO R 4 7 4ACERTR-TTER
KT AIE v BB, BAME P (TREEEOH 8% O
fEARLTED, V7 v EAERPRSBEBLRTVWE, Zhb
DEBRRER L b, FEC X DHREHERET N LT ikl
Bakh, 2o, VIRRTa Lo Lo aERgR
LB TEEC LR SR,

442 P NR—-ZAEROME

Photo 3 iz P-{— 2 HomEEOREL =T, PA—28
WL, 3.2 ikt Xk 5 LW.L.~LW.L 41 200 mm OFH
OBITAEN4.3~6 0mm T, BT L - TRFEREN S D, 8
Fis X CHEIFICH U TERY T S B T, £ T, WIE,
ks IUEEE > THE TEORBRE 27 - 28R, K
i A TEYYIER L EERARESEERA T L& L
WEM I v AFoRsCEEREORE L @EN oA RC LY b
L, A8 EA A0 THEHE LD, —HRbrRs-bFRME
NELroTEBICERE= Y20 — F 2EBR L. BEASHL A
FES508.0mm, FET.9mm ©f oA 3, HE660.0mm, BE
7.9mm OO EXDEFOATHE, AFOERIBRN &
DF EMAW0em Bl EERD L3, ¥, BSIEARBLI R
LI FHLOmMmETHA-—TEEIELE L. 2B, AFTR,
BANEL LTHALHLHTIHRTOT L v =T A v —FHEETT

Photo 3 Repairing of steel pipe piles at Pherth

ot d OFHV, BEMCIAPELCR =R @/IE7 A =v 7
ﬁ"DfCo

4.5 EHAMER (KPP X4 L) OER

KPP ik, BX2.5mm OBV zF Ly vy— ¥ 7FFRA
B LA E R 20 D Th B, CORROREADER
1, RY = U BB AR AN, THEX TEREYE. T
i, B2 TA v T r v ARRETHB L THD,
W TiE 1984 b HAMRHNCAEE - BEERT-TH ., HAM
BOTELOEFEYF LTS,

FIERATIC 0t 2 FIA L% Table 3 i, 1984 E S
—ADFEB TSt FIALAORIIUS E LT, 0k, 1950%3F
TO 7 ERICE 5914t @ KPP < A% fIB LT3, Him, NA
L A OB (1985 ) 1B\ T ik B00~914 mm ¢ KPP ¢
A4 Ak 450 KFTER L, TR OWBRMBELT L3R O PR L
IToBER{LS KPP o fIREROEH K IZT -, KPP ot o
v, FLSEESERTABROMEMONANE L LUERDTE
WMThoh, 43 kK<t L5, BRLELLEEEDD ) 7 v
v Vo L HIERTE D,

Tsble 3 Application list of KPP piles at Chiba Works

. No. of .
Name Year Diameter piles Weight
Gmm) | PG
E berth 1984 609.6~762.0 20 51
NA berth 1985 800 ~914 450 5210
a 1989 318.5 31 29
OD berth 1950 609.6~1016 43 624
Total 5014

Photo 4 (T E-{—Aiisit s KPP oFRAICH L. R

OEEREIC KPP 2 f Ad s,

E5in, ORI

LS KPP AaadfIBT+acbinibh, BRAELLEEYEE

Lz,

BFEEBLTA Y FF A7) —NERENS KPP 21143,

SEFTETEEN LD L0 LEhR S,
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Photo 4 KPP pile installation for the renewal of E berth
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THEHPEIH NIC I 2 BERRSDORARE, BREML LU
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(1) ATH - LM COMEN, ST 5Es LURASBiEf

HoTFEgc it s FRERME R, #0.1~0.3 mm/year ¢
Hb, HEBREGEE R Tuvd, Fi, ATH K5 HYE
. #E S I UHARROTHHCRPE A L HEEILA
Bk, FOEFTOREEECRE TR 0.3 mm/year L E

OIEE L - T,
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Hani,
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LTI RT 2 BREY A LoBa b R
LEBEHG P IET S,

(4) BEEERO_EYAFMETHEL EROXRERC I Tio
HHERAESHRESH, BIHdR<, FHEIEO—2>TH
b

(5) HEBFEMEH KPP <1 n) dBHRIChi) s v T v A
7V —THVHZ ETE, R A P L IEBNEL, RN
A TRENTH S BERESYOHR -V 71y ¥aitikid
LD CHRDIHBENETH S,

SHBOFBEE LTI, KO ENBITBRD,

(1) BELESraoMiER - BEAERIhTED, £hb
OREWCHTAERREOEAYEET S HEND D,

(2) FHHZEHTR, BRFROGENITI Tl icd, Flk
By s ) - P EEEONELES LTI B,
{(3) BRYAEOBEBOHEFELREEROETFECHELT, #F

B TR AR T HLELS D,
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