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High Durability Anti-corrosion Technology of Steel Structure in Ports by Titanium Cover
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Abstract

As long-life measures of pier and quay, the application of petrolatum lining method is on the
increase for steel pipe pile and sheet pile, pipe sheet pile. So far, FRP covers are widely applied as
protective layer of petrolatum-based anticorrosive materials, but they are concerned about aging
degradation due to ultraviolet and impact resistance. Therefore, both companies of Nippon Steel
& Sumitomo Metal Corporation and Nippon Steel & Sumikin Anti-Corrosion Co.,Ltd. developed
titanium cover-petrolatum lining method that protect corrosion using excellent titanium in corrosion
resistance and impact resistance, and confirmed the durability of the method through experimental
construction for pier and the quay in ironworks. In this report, we introduce anti-corrosion
technology of steel structures in ports by durable titanium cover through the impact assessment
of cover and the expected durability evaluation by measurement of oil remaining ratio.
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Steel pipe pile applied the petrolatum lining method (FRP

cover)
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Steel pipe pile
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Target Name
TP-1
Steel pipe
TP-W
TP method I——I Steel sheet pile TP-SP
Steel pipe -
sheet pile L iid

X1 TP ILEDiEsE
Type of TP method

Petrolatum Titanium cover (1.0mm)

anticorrosive tape Petrolatum paste tape Steel sheet pile

Water shielding ;

wrapping sheet \‘t;_'— _—

Cushioning material Steel plate with bolt

(Foamed PE sheet) Petrolatum anticorrosive

paste(0.4kg/m?) and
Petrolatum anticorrosive tape(2.2mm)
paste(0.4kg/m?) and

Titanium cover tape(2.2mm)

(0.6mm)

Titanium patch plate Water shielding

wrapping sheet

Metal fitting for fixing
and

Lower end sealing

Water shielding

: Cushioning material
wrapping sheet

(Foamed PE sheet)

Titanium sheath
pipe

Top and lower end

Cushioning material
sealing

(Foamed PE sheet) Titanium cover (1.0mm)

Top and lower end sealing

2 TP IEOHE
(a) TP-1, (b) TP-SP, (c) TP-SPP
Overview of the TP method
(@) TP-1, (b) TP-SP, (c) TP-SPP
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[ Temporary scaffold |

| Surface preparation(ISO St2) |

Coating and wrapping of
petrolatum anticorrosive material

~~

Wrapping water shielding
wrapping sheet

~~

| Attaching fixing band

. <

Attaching protective cover
with cushioning material

~~

Filling of underwater
construction type putty
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Bolt and nut

Impactor
FRP/Titanium

Band plate cover

Cushioning
material

Petrolatum
tape

Steel plate

Trestle (with bolt)

4 EEHABROHAGHE
Test piece overview of impact resistance test

®1 HN—MORERKHE
Test level of cover material

Thickness (mm)
Cover material | Protect | Cushioning | Petrolatum
cover material tape

o 0.6
@ Titanium 0
[ Scaffold disassembling | == - .
3 TP1 (#E2407) oI7O— FRP 25
Work flow of TP-1 (sheath pipe type) {expostisisampie)
Fx2 FEHEBEARER BREY X, BHALEL:O)
Result of the impact resistance test (with crack : X, without crack : O)
Test cover Impact energy (N*m)
level 50| 100 | 150 20.0 | 300 | 500 | 70.0 [ 100.0 | 120.0 | 140.0 | 150.0 | 200.0 | 300.0 | 400.0 { 500.0
Tlta(gflém o=l -1-l-]10]O0lO|O|O|O| x| x| x|x|-
Titani
aimeoverl | _ | - |- lo|o|o|o|o|o|o|lo|o]| x| x
Fg;;m‘;r O|lO| x| x| x| x| x X - - - - - - _
FRP cover
(exposure sample) O 2 X - X X X X - - — _ _ _ _
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5.0N*m
Front Back

Impact energy

Cover material Front

10.0N*m

30.0N*m
Back

150.0N*m

Back Front Front Back

Titanium
0.6mmt

Titanium
1.0mmt

FRP
2.5mmt

FRP 2.5mmt
(exposure sample)

X5

BEAREICH T BHBRBDOIRTF

Appearance of test piece after the impact test
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(TP-S), HEBMELAT (TP-1) %R

2006 4 Tl TP-1 %° TP-W &\ o 78R 5 TP
THEOBARFLE 2> TW2H DD, 2007 F4 5 X805
MAVF & LT TP-SP OFBR At L A& A AT 2 2
BB TR SN D L9127 o720 72, 2012 4RI
FARIANT & LC TP-SPP O3 B&1%fiti T-25%E i S8k ¢ it
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xR3 BSEAEANICETS TP TiEDEIEE
Construction results of TP method in ironworks

Amount of
titanium (kg)

Number of | Diameter of | Construction

Ironworks piles pile (m) area (m?)

Time

Target

st S cr':?:) Ple 2 o150 20 Y
&p;;g;ber o Slee(IT ;:’ijple) pile 45 355 ~ 650 150 500
Mo Kimitsu sm'm':'_’vj)”" 8 508 <0 S
e Kamaishi e s FPNtpe 9 7
T wen %, n mww ww
No:eog?bel Muroran sh::e;:ile 6 FSP-II type 6 17
Tow Mewe a4 e m
N°;;T2be' Muroran ::;e;lp‘;ﬁ: 4 900 - A

::g Kashima  Ste®! ('rpp'.p:) pile 8 800, 1000 63 187

BEE2 TP ILERIOHEKT (a) A, b) B2HE, () EE
Appearance of TP method construction in ironworks
(a) Kamaishi, (b) Nagoya, (c) Kashima
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4.1 ~MOT 2 LHEBLEDOLILFHE

RN T Y AE LR, FHOER &AL R
RIS, RPUSIS U TR AR IS LT & S b,
HHZER & L CEIR RO ZE R EAFIT o, b
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Survey items and contents of the petrolatum lining method

Items Contents
Visual Check whether the mounting loosening and clacks in part of the
Performance survey protective cover can be seen.
evaluation of the Physical Carry out tensile test and bending test of protective cover material
protective cover Gt by JIS standards adapted to the material of the protective cover, and
check the presence or absence of strength degradation.
it O the p residues of p based
Physical anticorrosive materials, and check the presence or absence of
petrolatum-based 2
5 3 test performance degradation.
anticorrosive g S
: It is acceptable to 80% or more as a guide.
materials
CoTesion o Wall After removal of part or all of the protective cover and petrolatum-
ey, thickness based anticorrosive material, measures the residual wall thickness of
of steel 2 . R :
steel in using meter.
5N 5o
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KBS ORAEE LT, R MO T8 LR &R OMEREREA
EHIM O ERESRINTBY, HIcRtas5 2%
Bi A IZ DWW, KOG RBR e W 2 2 FFo < b
0785 AOEROFEESTMEICKELSFTT L7290,
HIEELIREE RO LD UETH S,

RO T Y LR EM O TFEE LT, 2
FBARIZBIT T8 ARG OBRFEIEIC L > T
REA LD G2 3 2 B2SE s TBY, M~=27 )
TIERNE T Y LT ORGP 80U UL ThLH I & an
ELTWwW5,

42 NMAOTELMHEMICRIETREDTE

A1TETRLZ-E DI, RN T ¥ 2 THEOM A
FATTERE LT, RO ARGOEGEE (LT, M
GHRAR) OERTAETONL, MPERAEOKTIE, <
N8 AR EAR— A NORLT (40C) 9 R T8 L
ABiET — 7 Ol #Gt Tl (60T) Y OfE#IC X 53K
TIRAERKR L CTWb, D70, i OREN LR s
b 40T EHZ L AT TT Y AORBEIRIZE L K
T3 EEZ, FERBEICBIIS FRP IN=LF 5 HN—D
LTI 252 L7z,

628 A% BHIXIZ BT 5 H /3 — T E R E % 7R
T BHOFHRARKIRIT 249C TH Y, FIREREIE
3BACTHo7ze K6 LD, 75 2 h/N—@#HEIZ 13 B
516 B2 TATHIETIRIZE E > T 501X L,
FRP /7 /3— R 14 BE~ 16 BFFIZ SOCLLEF TEL T»
LT EWDND, TOMELY, FRP H/N—#HEED 23
MGFRAER DTG R DB RE 5 L ES NS,

4.3 FEREFHRCFBREARIC L 2mNTEFRAE
4.3.1 ZREHR
422, EREBRRICCRERREABREERLE

4

OB g M & # #4055 (2016)

60
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O )___.--\
N ~8—FRP
(2]
o O Titanium
§3w s
=0
e v
@ 0 3 e
o 8
S = > Nagoyaregion temperature inAugust
4] E 20 Daily minimum temperature :249°C
g‘ Dai ly maximumn te mperature :33 2°C
g 10 (Meteorological Agency Data)
2
0
9 10 11 12 13 14 15 16 17 18 19 20 2Aa

Times (0'clock)

M6 SHRBRHEBHMXICHEIZREHN—ZE@MmEE
Temperature of protective cover backside in August
Nagoya region

3 -

o
o
LL‘_:’_"'—L‘_ 1 b
Artificial seawater
2401, 40-60°C
700
1 (mm)

7 EERERRHE
Overview of rotation immersion test
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101

100

- -

99

98

97

Oil content remaining rate (%)

with wrapping y =-0.0783x + 100
= sheat
26 X 40C ]
95 s S0C without o
wrappingsheat i
o4 o 6°C } y =-0.1309x+100
93
0.0 10.0 20.0 30.0 40.0 50.0
Thermal history time on the exhaustion of petrolatum vt (h}
o o EABDEL - 4 N z 7
M8 EERERERICH I D MNTRITFROBZFE(L

Changes with time of the oil remaining rate in laboratory test
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100

95 y =-0.0373x+ 100
-

~
~
-~

90
y = -0.0783x + 100

y =-0.1309x + 100
85

0il contentremainingrate (%)

Actual exposure data
(without wrapping) —|

X H0°C {Assuming titanium cover with wrapping)

Labo data —<]i50«0 {Assuming titanium cover without wrapping)

)] 60°C {Assuming FRP cover without wrapping)

A Akita(Titanium cover,Syears) ‘1

M Naruto(Titanium cover, 10years) 1

*2

@ Hazaki(FRP cover,18years)

L ® Mikawa(FRP cover,21years) *2

-~
~
-~
-~

Titanium cover e With wrapping
Akita: 55years oy Estimated durability
Naruto: 46years et q

80 FRP cover PR, USRI, I—— e ——————————— g =]
Mikawa: 36years : Limit of Oil content Ba
Hazaki: 24years \ remaining rate 80% =
75 ¥ v
0 100 200 300 400 500 600

Thermal history time on the exhaustion of petrolatum «t (h)

*1:Survey data of the company
*2:Data of Port and Airport
Research Institute

X9 XRERFREREEBERRICSIIENZRERD SFHMA L HiFTR M
Expected durability that is evaluated from the oil remaining rate of laboratory test and actually exposure test
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Ronehorize —J, FRP A= EH L72GA1L, <

BE3 HiGEEMREiEss 2
Hazaki Oceanographical Research Station

4 8 ‘ L
f kr 1 e
R L

Titanium )

FRP
cover

-

- E H
Wi
10 RISEFMRIEERICH T 2BRERBRER 9
Result of exposure test in Hazaki Oceanographical
Research Station
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