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At-Sea Experiment of a Floating Offshore Structure
Maintenance Technology of Floating Offshore Structures -
By
Masayoshi ARITA, Kenkichi TAMURA, Shouichi NAITO,
Toshiaki SHIBATA, Masami IWAI, Ryuzo TAKAI and Kenichi KATSUMATA

Abstract

Experimental investigations into inspection and maintenance of offshore structure were carried out, using a floating offshore
structure POSEIDON. Surface of eleven columns out of twelve and a part of side wall of deck house of POSEIDON were carefully coated
by experimentally specified heavy duty paints. )

During four-year operation of POSEIDON, changes of plate thickness and coating film characteristics were observed. Amount and
species of marine fouling animals on coating surfaces around submerged paris of columns were also measured and observed.

After the end of experimental operation, POSEIDON was broken, in order to make thorough investigation of welded joint parts and
paint coated parts of columns and deck house wall.

Conclusions obtained are as following;

1. In order to maintain safety operation of offshore structures, proper maintenance and repair should be performed. Choice of
maintenance system should be made at initial stage of structural design.

2. For proper maintenance of offshore structure, initial conditions and values of structural details such as penetration of weld joint metals,
properties of paint coating and local deformations of structural parts are to be measured before operation.
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Fig. 1 Measured items of mooring chain ring
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Table 1 Specifications of coating film for columns and deck side wall (ref. Fig. annex )

iLs AR K A % 7K &R HiREANK
A MAP (40) 1 MAP (40) #1 MAP(40)*1
MA(300) %1 MA(300) %1 MARM (2000) *1
B [ZP(75) %1 PEM(5000) *1 TE(125)%2
PE-M/C(100) %1
U(30)#1
C [ZP(75) %1 PEM(400)%2 1ZP(50) %1
PE(80)*2 TE(150)%2
U(30) %1
D 1ZP(75) *1 1ZP(75) %1 1ZP(75) %1 1ZP(75)#1
PEP(100)%2 PEF (250)#2 TE(200)%2 PE-A/C(60) %2
PE-T/S(75)*1 U-S/F(30)%1
F-T/S(25)*1
E EZP (25) 1 EZP IZP(ES) (75) %1
PEF(450) %2 ME (200) %2 FP-M/C(100)%1
PEF-T/S(100)%1 F-S/F(50)%1
F-T/S(30)%1
F | 1ZP(75) %1 IZP(75) %1 TE(150)%2
PEP-M/C(40)%1 | TE-M/C(40)%1’
PEP(180)%1 TE(100) %3
V-S/F(60)%*1 '
V-T/S(30) %2
G EZP ~PE(2000 EZP
PE(100)#2 -3000) %1 PE-A/C(100)%2
PE-T/S(35)*%1
H [ZP(15) *1 1ZP(15) %1
PE(100) %2 TE(100) *2
U-T/S(40) %1 VT(50)#1
A/F(SPN-2) (100) %2
A/F (SPN-3) (100) *1
K MEF (250) %1 PEP(30) %1 TEF(250) %1
PEF(250) %1 ,
L PEFP(40)%*1 PEFP(40)*1 PEFP (40) %1
PEF(300-500)%1| PEF(500- TEF (500
U-A/C(40) %1 -750) %1 -750) %1
U-T/S(40) %1
M PEF(750) %1
EZP:x4" $yy 797" 3{%- F:38&FRA 17} FP: &K BT 717~ 17P: 4 ¥
Y N7 94v- MA: 2900 v-bAT 47} MAP: 290y Vv-bR7" 747~ MARM: A9 7Yv-}
Ry IEND W ME:ZE R Ik $vA° {V} MEF: R 1" 3y (3" 327v-7) PE:t™ 2
TIE §YAT {7V} PEF: 14" £Y4° 727V-T A DA {7} PEFP: 1" $¥4° 5A7V-77" 74
v- PEM: & ¥y R VY vENIN PEP: 14" %77 4%~ TE:J-w1k™ $yA"{7h

TEF:J-W1k" 384" 327V~ U:gvdya™ {vF Vit " Z-WA" {7} VT:E =-WF-wA" 47}
-A/C:F¥  -M/C:3iAbI-}  -S/F:thEE -T/S: L&
AF(SPN-2, -3)BS{B5 & ¥
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Table 2 Measured plate thicknes of columns
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Table 3  Initial dimensions of mooring chain rings

Y27°| DB DT  |(DB+DT)/2 VUM DB DT DB+DT)/2
NO. No.
1 52.85 | 52.20| 52.53 11 51.95 | 51.60f 51.78
2 51.30 | 51.30| 51.30 12 51.60 | 51.10f 51.35
3 51.45 | 52.85| 52.15 13 51.50 | 51.45] 51.48
4 51.45 | 51.45 | b51.45 14 52.85 | 51.75] 52.30
5 51.95 | 50.95| 51.45 15 51.85 | 51.60] 51.73
6 51.85 | 51.15| 51.50 16 51.65 | 52.401 52.03
7 51.65 | 51.95] 51.80 17 51.35 | 51.35] 51.35
8 52.05 | 52.70 | 52.38 18 52.00 | 51.35] 51.68
9 51.30 | 52.20| 51.25 19 51.65 | 51.65{ 51.65
10 52.20 | 52.35] 52.28 20 52.30 | 51.65] 51.98

DB, DT 405 —&% D F¥JfE=51.79

KU LEEZ, HI5ICRT,

B3, EWROLER b, HAF 4y TF— (1
vP) PR EERTAMBTOLELERT, nr Ik
ECEML LA 28T, BEECLYRIBRERTT- 12
P, BEEORIEIIHE I N d o7,

H20WMEARD I T A E T L —R L OBRESBE R
FETIR, L IL WD 3 > FOTI—h6, REOFEI
WMEhi, 22T, 203 7/, RCEEOIV, V (V
X, IVOEMIZHEY) 02 »HRU, THEOVI, VID
2 5P (B OEF Ty FRICOWT, Il - REI Y
WL - BIE, SEMERELToREL2E4LIITT,

£S5, 27 LBABIINBLLEYORBRU S
(100cm?% Y ITH]E) 2R T, K6, EBHFEICZIS A
ROUHARESEED 58] Y i L -8 X REH O/ EOE
BRERERT, BP, @EOAEL EEHBOHLICLS
Wb, BERUEIRICE DEESHETES) | BEIC
HEUE YR, BEEBOBRAPNR VBB MK
WHILIRIDS, S (55 HILOETHITRERD Shiz
VL 18 BEASEST. BRICH 2 2 VIREE) TEMML T
H5b,

FK6OFRICRT £ 910, BEMARRFO BRSO ST
3RO TR, BEIMETHEMNES £V, RAOOBELY
U, BEILLEFOEBEOEEZFHLIBELL-LS
5. RETOBEXNE - BEILSLEBEI/NEWEETH,
RGREOEBBEOTICEESETL TV EPEHESL
2o €T T, REVTOBBRREEA L BBETEERZEL
SRAEHEAL ORFE. HEICAT LY, HHEHICAA L
LoTRLIDON, 6 THb,

BEABRICLIRERBOI B, HTI/ v E—FY
ADZEEEE WEREL L OBFETR T, RTILMAED
DREFLETT, £, BEL Fr5a5:h60
BB CTOWNERRELMHETRLA,

BAL mm

PRERE= 0.487

deflection of defiection of
tongitudinal longitudinal

sm}ner(-mmm) stiffener (~8 mm)
(o) (2)

@ T — 2 ) T 3) @
I I/ \a No. 1 water tight g b
compartment

deflection of bottom defiection of bottom
plating (~ 15.5mm) plating ( ~ 22 mm)
No. 4 water tight
compartment
L
| 1| No. 3 water tight 8)
c
Cfi )' compartment ~

deflection of bottom
plating ( ~22.5 mm)

__T No. 2 water tight Column No.12
compartment
e e s e e s N

O : cracks of coating on top surface
of longitudinal stiffener

@ : residual defiection of bottom plating
due likely to pushing up forces

@ : places where penetration inspection
were performed

Fig.5 Deformed positions of box girder bottom plates

5. XERERDER
EBREToEEDY b, HREEZRLALEER2DOIZD
WT, HERSHONE,LEET D,
55, T—=F4 2T, TL—-AZDOFTHIIOWVT

—EHRBERNE (R2) Tk, 4 EHOKEEBTER
AHEBIZ 2D Z EiZEVWERDN, LPL., AFEREO®
BHTEEE (M2 0ARBRA) OBREOETIIHLENE
Eflolz, TOBMTITHEEZHS ZVIFE. SHICHE
OFE Lo T, BEEEEILISE L8N H 52 L5
HE SN,

BEF =2 DY v ITEOBREEIIZIONVT




116

Table 4 Weld metal penetration in welded joints

ZHEES BHREBEALASE EHREFEOFH (MLE) EHES ()
1 WHREAS T0% 3% 230 %A A (DEP)%)| HEklNo. T-112
I 2 WaEAS T0% R B ML MEIC &R LU
TRMF|3 WA Ss 10% K Fig %% L
ERH |4 WaEAB T0% R b %8 L
5 MoHEAD 0% | REGEL ‘
1 TERBEAS B, 7 o-k-w (DEP) | & L.5mm
i 2 TRBAS BEH., 7 0-k-0 (DEP)[E & 2.0mm
TEI#F |3 TEBEAS BEHE, 7 o-k-y (DEP)|E & 0.5mmPLF
ZRt |4 EREAS BEB, 7 040 (DEP)[H& & 1.0mm
5 TEBEA D R B & L
1 WaHEAS 20% M, 7 o-%-wn (DEP)| K & 0.5mm
m 2 WHEAS 20% A7) A B
TRHKFS WHEAS 20% R B fE& L
E[h |4 WHHEAA 20% R b #& L
5 WHBERAD 20% BEH (DEP)|E & 0.5mmlAF
1 WHEAB 30% R B f& L
v ]2 WHEAS 30% 77 0-%-
TEHKF| S WHEAD 30% 7 n-%-W
R |4 WA A 30% R b &L
5 WHEAS 30% A3 BIA B
1 WomEAd 60% 30 BA B, T o-k-W
v 2 WaREAB 60% AN EBEAS
TFEHKFE| 3 WaEAS 60% RMGEL 237 B &AH
ER T |4 WREAS 60% BE®R., 7 0-4-» (DEP)|EKE 0.5mmllF
5 W EAS 60% BE®. 7 o-4-v (DEP)|E X 1.5mm
1 WHEAD 10% BeETR (BR)*)|E X 1.0mn
VI 2 WoEAS 10% K b f& L
+F#HF] 3 WHEAS 10% A7) K EAS
BRI | 4 WHEAL 10% BerR FER)IEE 0.5mmBLF
5 WHEAS 10% A7) BIA B
1 WoAEAS 50% BERR2 27 BABR)IES 4/1. Snnks)
Vi 2 W EAS 50% BEARAR2 7 0-%- EFR)|EX 2/0.5unldLF
+FHF|3 WHHEAD 50% AAEREL 7 o-d-0 GEFR)IEE 6. 5mm
&KHE |4 WHEAD 50% BEARS 77 o-4-y BRYIEE 4/0.5mmBLF
5 MABEAS 50% | BEARE2 7 o-%-y BR)|IEE 4/0.5mallF

) SR, BERAPBEEBHR RO EE2RTS
) MELARPBEBEESRELEMEDBER R Do I &2 R4,

$x%)

AEARBE2AFRDO S BE124.0nny BiZ1.5nn ThH -7 2 & %ERDo




Table 5 Amounts and numbers of species of fouling marine animals(not measured for columns No.7, 8 and 9)

IARBTEIE TR FIMSE16% (PR 6 F12H) BA®E

a5 L B 438 g/100cm?
&= 113 2&H 3EH 4EH
1 A - 147 305 228
2 B 248 360 256
3 C 324 496 442
4 D 145 183 262
5 G 169 156 250
9 H 347 227 218
10 K 54 590 280
1 L 185 261 159
12 M 175 241 262
EH 199 313 261
| LT nsem-m | werA-m
e Tj;ﬂ? A;# HEEAHA| PEEAHA
P PR PEICHEE

Table 6 Evaluation of coating film deterioration after 4 years of operation

75823 SEWA
¥k a5 A HiREAR
R&ET FY BIkE
A | FR3. B4 |FR3, B3 |FMA5, Hb
L3, 4 {FL3. #4 MAP+MARM
B M2, H4 |2, 83 |FE2. 22
L2, &2 |2 %2. TE
c FEE3. B4 |[FEAE3. B4 [FHE2. #2
Ld3 $53 1ZP+TE
D FH3. H4 |FEMAB. B4 [R5, B4 FE5. HELD
$ 3 EMLLES 1ZP+TE T, BED
E FER5 . Rl | FER4. B [FEE3. 82 5. gEikh
e 5 X3 EZP+ME )
F FE5., 5 | R4, 04 [FHEL, 1
B0 #l4 TE
G FEs. 7Ls | A5, A5, H4
§55 EZP+PE-A/C
H FEIm4., H4 | F4. H4 |FER 2. #2
55 #14 1ZP+TE+VT+A/F
K A3, B3 | FEA3. B5 [ HA3. 4
g2 i, B¥E |[B3. TEF
L FEES5. H4 [ FEH3.H3 [FAL, H1
#15. &5 #)4 . PEFP+TEF
M ME4., H5 | FEH4., G5 |FEH4, HSE
Bla. &5 |4 $%54. PEF
e FABEGEA H:HHEH{b F -REF DGO
B HEBOEF Yy ER— FBREEIRELEFhORERE

117



118

8—
6_
<4k
<C
2_
0 -1 ] ] IIIII|| ] ] II]III' [ )3 Illllll
12 “%% % %502 * %Yo
A, (mn?)

Fig. 6 = Relation between virtual defect area of coating film Ai
and total corroded area A
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Fig. 7 Changes of alternating current impedance of coating
film on test plates
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Fig. 8 Relation between reduction in radius of mooring chain
ring and residual strength of it
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Table 7 Adhesion force of coating film on test plates and on POSEIDON columns and deck house wall (kg/cm?)

IR RE  FIELI6S (FBEL6 F£12R) BeRmE

3k HEBH X4 NUE
HEk | HAE | 2HERE VHE| 3ERE  VFHE| 1EREE 00 Ty
A1 1 45.0 25.0 21.0 23.0 57.5 21.0 32.4 28.5 29.5 29, 0%+x%
24.0 27.0
A2 1815 35.0 29.0 38.1 70.5 75.5 57.2 32.5 29.0 30, 8%%
83.0 29.0 34.0 28.5 41.0 35.0 27.5 31.3%
80.0 33.0 44.5 62.5 65.0
B1 450 21.5 21.0 30.8 35.0 45.0 27.9 31.0 25.0 28. O%%*%
40.0 29.0 27.0 82.5
23.5 29.5 :
B2 ] 60.0 60.5 39.0 50.8 41.5% 32.0 50.4 60.0 41.5 50.8%
48.0 41.5 68.0 60.0
68.0 48.0
D1 ]63.8 39.0 41.0 38.6 46.5 41.5 42. 17 40.0 29.0 34.5%%
41.5 28.5 64.0 30.5
37.5 42.0 36.0 37.5
D2 ] 49.8 20.0 19.5 22.1 36.5 32.5 36.5
43.5 20.5 20.5 47.0 30.0
56. 0 26.0 26.0
E1 160.0 29.0 30.5 30.4 55.5 53.0 47. 2 26.0 29.5 27. 8%#%%
30.0 30.0 58.5 41.0 38.0 41.0 39, 5%%
31.5 32.0 36.0 40.0
E2 | 66.0 32.0 37.0 39.3 49.0 59.90 50.0 62.5 49.0 50. 8%
70.0 55.5 35.0 38.0 41.5
62.0 32.5 44.0 57.5 63.0
F2170.0 39.5 38.5 39.0 30.0 30.5 31.6 36.5 37.0 36.8%
74.0 40.0 35.0
66.0 30.0 24.0
H1]350 19.5 19.5 22. 8 25.0 28.0 21.5 39.0 58.0 48. 5%
28.5 28.5 18.5 14.5
20.0 20.5
K1]56.3 28.5 26.5 30.1 29.0 25.0 34.3 36.0 40.0 38. O%%*
29.0 36.5 49.5 33.5
K2 ]96.3 43.0 60.5 58.6 46.0 29.5 37.8%
7.5 53.0 71.0
15.0 76.0 48.0
L2 }62.5 49.0 43.5 53.4 84.0 72.0 63.3 35.0 41.5 38. 3%
80.0 66.0 40.5 69.0 36.0
45.0 67.5 54.0 59.0 60.0
$ZE R0 TR $d# R 7KE

119



120

37 KK~ OFFEEPIZONT

K5hH, FBHRITITIET, EPHE, BL D HENKE
WELZZ WP b, EWE, BiX. BEYORER
B, WERHBLOLS (EEEP. KFE. KiE. KEEOH
EEES) EBETT 5, FEEYRENEEEEY
CRIZTEEL LT, BRICL s TR Z2MEOHEK
2], BEYOLT B L UBRES{LOREIEZ ShD, 2
DIb, BEYOLETICOWTOREREF— YL LT, H*
RUA A4 DREEBR2E TS, 7% (3ERET, B
RER 72g~274g, HEETIERW)  FHHRE 131 (B
AL, BKLSY) L AHFA Q3EREOKE ST, B
RER 16g~65g, HBETIZRV) | FHHE 133 (&b
1.08, K 1.43) Tholz, TDOIEhEH, FEMELEY
O L > TIINEEYIC X B HEEEEY O T A REIC
RABZEFbHholz,

BEOHIIZOWNT

K6DoLbrs L, BEEBIZL > THAICKE
BEFSHDLZENFDPL, BIZITEKRTIIONWTARS &,
®BEMAMHB, C. D, F. H. K. LTI, WIFhimEss
LLTEFDHABTE (F— NI RXIZRGBE., HFTR7
L= DAS/TEF2 80 5) BEENTWD, &ELK
DTIIFERSTH 575, BEMHF, LTI, EH1&%oT
Wk, TOEVE, BRI TII/v—FTRELTE
HLTHRWTZE (8B, F. K. L) . F/3&HLT
HoTHTHZETRVWIE (HEH) 12X E8Bbh
5o BEMABCIE., ZoOWFIIZLEL LRV, 82T
Hb, ik, BHOBITERASLPOBENH-72bD
LBbhs,

BEORSFREERIIOVTIR, HBREeE (ZEh
DRI, IRBRTEREORLITRE) OEL
HBLTHE, 7T, BEAFEN (TH) OoXid. £8
HHE3ETOXHA Y-V 2 E (BRERUER)
. REROMEE BT OIE L, B2OH T, 14
FLTWE, COROBERIIELH 29 H, BiihEE
ELTE, RERE, ZEHMISH L THE, HED
5 DI R EVWHEPLILDOEITHE E VS T E2HS
NTWLIETHS, — . E6 DRKKHFEENDBRUH
OfERS X (FEICRT L5112, Bl, HIlZ, 25 4BR
Ua 7 AHOKEHRO@RERFETHS) . BOFESIT2, H
DEFFIZ4E 2 oTWVD, TO LI IZHLBEOERICE
LT, BASHLEEECALEZ2TWVE, 202
Lt EpE0LLE, —BAKRPTEERBRH 2 EE
L. COBEDA VE—F U AZWELETAZLTES
F—HRAWMEEEZRLTWAEWVZ LI,

6. BRRUMBEEEIZATLDSYHIZDNT
Rl FUB L HREHICET2EE,2D, XD
Libhoiz,
DIEE. BES. BEYAEOHFEEICE L TLYWOT
WEETNOHobDLE LT, kO DD o7,

CERIZEDEEDNAEN, Ry 2 AH-F—IZEL
7o THUE, BEIBRETOTFHE LR ER Do
LEREFEZEELLDOTHo7,

c AF&RIZ 2ERECHEERUBIREZ £V, 20%
BEREESERICETT I Lbiol,

cATLETV—ALDREIIE, BREERTFL 251
B, BALRBER, BAREFELHV, ThHRREE
ZEZOND ERIFEE L, BERIC, BEHO NDI
CGEBIERE)IC L D2 RERER ULELBEFLETH
5,

- 20EREORALLBE L -EHRBETH-TH, 4
B - BIAEY TRV, 4 EREOFERTHALD
PRSI D TR EATR W & Ahh o 72,

DPEDZ DL, HEBEEBIIBELROZLFLETD

60

- BRETHRIC, HEREEOFR T IO, FNICIHo 5k
B BEMTONLZ L, RERXRL, ShemEiE
BHEOLIbOE=r ) v F, ERAORBOEBEC
DVTHBETLTBLZ &,

- THRIREEZ 4RI 5 20, BESOFRERE.
BEBEBEOTHEORUESE LT ITBL I L, BEIZOW
TiE, WA, BATRIER & EESAEE & OBE,
BELICE TS T — 7 R— ADFTEESLETH 5310

- HEREEAR. EHRRCESVT, [#H#EdE~v=2
TV EBREBERICIER L, BRI hIcES
WEHERERZ L ITER S v,

3L, EELL7BR. M. SR EOH

IR FREIC L > TV B[4, 5. 6], EEb=8M{LTik

BV, EMLIEEOHEICE, HEFEESEI TR TE

PR RECEELRIZTTI LI ->TWE, EFLORR

BEr*BEREETA-OICLBY 2 EREREs T

PREEBbhD,

SEVm

DEH., L, B, D BEIREORZ2IIOVWT,
FEREMER;. No. 75, FBHI63E3A,

DMBEE =, FEEWOREERE LB 55N
NOEBIIOWT, BOMBELEY Y KI YA, BE
EMESR. BAS7E12A. PP. 1725,

3)M. Arita, K. Matuoka, K. Ohnaga, S. Naitou and T. Shibata,
Corrosion Preventing System of Offshore Structure by Paint
Coating, Proc. of Ocean Tech 88, Nov. 1988, pp. 43-49.

4)A. Toorn and A. W. F. Reij, A Systematic Approach to Future
Maintenance, Bridge Manage, 1990, PP. 215 - 222,

5)N. J. Smith, Management of Bridge Maintenance in the UK,
Manage, 1990, 223 - 230.

6)E. E. Murphy, Aging Aircraft, IEEE Spectrum, vol. 26, No. 6.



IAEIRTIRETRE FIME6s (FEl6 £12A) BEHSE 121

H it W |
75 ANo.1 a5 Alo.2 2% ANo.3 25 AhNo.4
) . - )
= < § 'm 3 a
g | |= ® o
“l=l |8 E 3 1
. b # o 2 S| #
: & 5 i <y &
s = = bxd
v M
th
a5 nNo.5 a5 ANo.6 25 BNo.T a5 AN0.8
% o & By S ) :%
Y i g = wl @ %
§§ H 0 H =
- " o ® 3
# - o =
et Al =3 = ﬁ
gl & B 2 ‘*
| E g W
a5 ANo.9 B PN TR a5 nNo.11 <15 ANo.12
. 5 s g
g = i s ~ < =
H g 4 s ﬁ
] i W o g w
ﬁi Y H ol Iy
g = = = o
LR ESENEED
l BEERD D2 BEHERE .
= |

15,000 15,000

Fig. annex Coating film specifications for columns No.1 through No.12 and deck house side wall
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Table annex  Difference of design, inspection and repair due to maintenance systems
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