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Table 2 — Techniques employed in durability surveys

PROPERTIES TESTING OTHER
EXAMINED TECHNIQUES CONSIDERATIONS
w | MECHANICAL
=
o | Concrete surface quality| Schmidt hammer rebound| Errors due to surface
z number—type N softening, cracks or lamina-
© equipment tions etc.
2 Compressive/tensile Test on cores To BS 6075
4 | strength
| CHEMICAL
Carbonation Depth measurement
{g using phenolpthalein
o spray
Z | Chloride, sulphate Drillings to collect dust Analysis in accordance with
© | and moisture contents samples in 10 to 25 mm | BS 4550. Results are curve
bands through the fitted to produce penetration
concrete using rate coefficients.
percussive drill
[ | cuEmicaL
Concrete mix To BS 1881, Pt. 6,
proportions Analysis of hardened
: concrete
O | Cement type Aluminium : iron ratio OPC = AlLFe> 1.5
2 SRPC = Al:Fe < 0.9
°o‘ Original water/cement .
g 1atio
~ | Minerological Xgay diffraction using

comnposijtion diffractometer
(copper k « radiation)

PHYSICAL

Condition of embedded | Electrochemical Careful interpretation using

steel potentials ASTM C876-80 interrelated

with experience and results
from other NDT technigues.
. Electrical resistivity Based on soil resistance
measurement measurement. -
_ﬁ_ " Ultrasonic pulse Variable head spacing with
7} velocity using Pundit best {it line spacing versus
z with exponential heads time used to calculate
(=] (indirect method) velocity.
. Endoscope — visual
inspection of
embedded steel

Condition of cover f'e depth metre — cover, [ Problems where cover over
reinforcement size/ 100 mm, where mesh is used
spacing etc.

Permeability of cover Water permeability — Very susceptible to concrete
oxygen diffusion preconditioning, i.e.
coefficient laboratory conditions of

: storage

O | Coefficient of thermal

2 expansion

g Concrete density/ Usually determined during

ﬁ porosity permaeability testing

- | General (steel and Visual and microscopic ldentification of aggregate

concrete) examination using optical{ source, presence of slag, pfa

and polarised light etc.
microscopes




1/15

t 0 T T T T T T T T l ! R
: Saturated Ca(OH), Solution ZINC Saturated.Ca{OH), Solution
' § STEEL (Np Soturoled)2 (N, Salurated)
< - — X b —
02 ‘; />> Dissolution
C\/ Pitting )>>> X Pitting
S Q</ Z ° ° > B e Dissolution |
3 -.(-LL/_(_‘%,_[_L \\’/)) .x
¢ -06 ® - ‘ \\///)\ X _
o Passive State ® Stable Passive \\’//\
<_>) ’-’C“\.—\n—- ..... e ———— e — — YOS\')
S o8~ Active State e — © © e o \/{X’Qg 77
<
z . .
"1_1 -1.0— — © —
o
a ©
.Q '
g -l.2r — Passive State ® —
= =) ¢ e ¢ et et ¢ — 1 — + — —_—
S ‘ - Active State ©
T -1.4 ! | | | l 7 N | | |
.0 0.2 0.4 0.6 0.2 0.4 0.6

~ CONCENTRATION OF CHLORIDE ION (N.)

Fig. 7. Corrosion characteristics of steel and of zinc in presence of chloride
ion. Differentiation of these characteristics was made from time-variation of

anodic current during potentiostatic electrolysis for

chloride ion.

six hours after addition of

The Passive State

A

A

O0H/CI” Ratio Potential .
pH of Chioride in Internal impressed
pore water pore water reactions potential

Concrete Cathodic Anodic Galvanic
"Quality” reactions reactions, contact,
w/c - ratio (oxygen) passive cathodic
Cement-type : .current or protection-
Puzzolans corrosion

Chiorides

etc. /\

Concrete "'Quality”

| The external environment = Wetting/drying - ,
| Salt - Oxygen - Carbonation - Chemical attack ...|-

Permeability

pore water chemistry

‘Fig. 1 = An overview of the factors involved in the maintenance of the passive

state of steel in concrete.
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EMBEDDED "~ MARINE
ZONE "STRUCTURE

Fig. 1 — Various zones of a marine concrete structure.

-) a FOREIGN PROTECTED ")
( t LINE 1% BARE LINE
[§]
O
5 “AREA OF
g - POSSIBLE DAMAGE

| |

FOREIGN PIPELINE POTENTIAL TO
CLOSE COPPER SULPHATE ELECTRODE

DISTANCE IN FEET ALONG FOREIGN LINE

Figure 4-16 -~ Pipe-to-earth potentials on foreign pipe-
line passing through area of influence
around cathodically protected bare line
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POWER SOURCE.
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™~
Oy
3
¥

1.0

PIPE POTENTIAL TO CLOSE
COPPER SULPHATE ELECTRODE
- voLTS ~-

0.5

GIZING ANODE,

POTENTIAL AT
WHICH PIPELINE -
WiLL 8E PROTECT-
&0, ~0.85 VOLT
BETWEEN PIPE
AND COPPER
_SULPHATE ELEC-
TRODE DIRECTLY
OVER LINE (SEE
CHﬁPTER 3).

25 20 IS5 10 5 0 5

10

15 20 25

"DISTANCE ALONG PIPELINE - FEET

Figure 4-6 -- Protective potentlals impressed onapipe-
line by a “close” ground bed anode

JOINTS OF WEIGHT-

CORTED PIPE FREE
OF CONTACTS BE-
TWEEN REINFORCING
WIRE AND PIPE.
CURRENT FLOWS
THROUGH WEIGHT-
COATING TO PIPE
STEEL ANOD PIPE
IS PROTECTED.

JOINT OF WEIGHT-COATED PIPE
WITH ACCIDENTAL CONTACT BE-
TWEEN PIPE AND REINFORCING
WIRE. WIRE INTERCEPYS AND
COLLECTS CATHOOIC PROTECTION
CURRENT. PIPE IN ENTIRE
JOINT SHIELDED FROM EFFECT-
IVE CATHODIC PROTECTION.

WEIGHT-COAT

PROTECTIVE

coa TING)

V/V/// //////////////////// //}’/

/}’//}’///// LLLLLLL L /,l’////////////////// s / 7/:V/J

NO CATHODIC

L
PROTECTION PIPE WALL

,CONTACT  «— ~——

-<—
(A A//[lﬁ/// /////////////////V/_X/////////// //////////V//////7/////////]//////1/]

CATHODIC PROTECTION
INSTALLATION

Figure 4-9 -- Electrical shieldin

g by shorted reinforcing wire in welght coating
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ABSTRACT:

A study of the computer assistant cathodic protection
design method in submarinc application had been done by
finite element computer model. In this model the factors
of area ratio between sacrificial anode and cathode; the
polarization behavior and the IR drop during electroche-
mical reaction had been considered to calculated the
chang of current density distribution during using
period to confirm its protective efficiency. It show
that there are very good corelation between the computer
model and the real application experience. The optimum
design of the anode size and location will improve the

protective efficiency and saving the costs.
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o B BB+ T Bk AR AR 0 SR E 1S B L ) » R TR0 B
B (WA BRI o B R B AR RS G - TS
HEEERGEE IS BTELEAQEIESD & LIIREE DBARE
BEAES DR EL c RESE R BRELRERHY o 7T L
S48 755 1 5 7 S 5 8 Bt 2 0 BDRE D LGB A R S B o
—HEIbEE ( Electrochemical Corrosion ) fy—iBiH

S 175 UL P S A 0 e S TS — A MR 0 T 0B B S R
) HEA LB EBAEARE ( Anode ) s 545 ( Cathode ) » BY
W ( External Conducting Path ) : T ( Corrosion
Current ) REMBEEK ( Electrolyte ) &L AEH » FRIK A
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—EBERETES  ¢BETYERIESTIHRITEY - EMHL
EL@SA (Fe(OH) 3] o
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=

S LIER . 4Fe(OH) ,+2H,04+0; — 4Fe(0H),
(3)%%55%( Conducting Path )
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% 31 5 TS o
(4)&EH ( Corrosion Current )
BERL Y Bt R R BT M T T R R AT » RS
2 EE R EEH ( Electromotive ) FAEETIRE o
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AL BBHL: (Wet Corrosion)  MARBHLALR
SRAPRAT T EEBMERRERE - EHRRET - BTOBDHE
3t e BBAL ( Oxidation) BEkC/Ef b » F7 LAG RS bt s A9
B MEERSE  ETBORETETH LR o
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BEANGE » A EHMALEAE ( Passive Oxide Layer ) f8
Fo LIBEIEERE P HERET » B RSN B4E o BEEET LA
EB=FAEEL - EERBETNRS FHARENP HBRFRZERS
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StmRE (ke /mBEL)
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LA BB RE o KRR I CaA BOBHIR oD BV A HoA Ak fF ) HAR
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L%GE%ERE ( Couer of Reinforcing Steel )

417658 — AR | e B ILUSE - LA ST - AT
B | s TRE R e 8 G T R T 0 R 26 R PG 4 S8 PRI S
BB R 7R J2. » 46 5 R ST S B S+ (811 VT 7 DS AR
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 24#4%E ( Consolidation )

mlﬁ¥ﬁﬁﬁm&maém&%%%%%%%g HRHBEISRE
EgHF%LE ( Honey Combing ) HEMBE (7 ] - MBEAEAIX
WEEABAN KBTS - LRSS M E B SRS A ERG @ th
%%mﬁm%t%%o%%%ﬂgﬁﬁﬁﬁilﬁﬁm%g'~&w1¢
XERBRLABETREHENTIAR o

3 %% ( Curing )

BEENBELAHENYE  BERRHRER  AlKBERE X2
TIREEREIHBEHZHE (3 ) cMAKPEERAREEFREL
DLGEHEET] ©

RZ KEHBEERMBLEEZEZE(W/C=0.51) (3]

B (X) B 7R E
K VEsR 10— 5
1 10— 8
3 10— 9
4 10 —10
7 10 —11
14 0—12
28 10— 13
100 10 — 16
240 10—18
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@ LAREM ( Workmanship ) |
RIFOfIEN - TALE  BHSHERLSEAESHE ; 58
SEMEE ~ BEBRSHGHENG EANEE » & T 8 BRI b
FAC4) o
S 17 TR 5 ) B4
SR L R Lo B TS/ ~ AR A MO RIAE ~ BLEIRUE ~ ZEBERY TS
SERE > BEERERLNEE (7 ) 0 B EURNTBR - 58 RN
SRR SN () - BNAREL—BEH  ARZERRE
FERED ST R - SR PSR o & AT ELE
e AR R R 0 B R Gt & RN - R — MBS
5 VR - /N S0 BB ISR /N (16 ) o 2
B R e 5 FIBRAREAT G B 4 - MBS AMEMGEE - QR
Bk — TSR 3 B E R ; AT BB AT RSN et (LR 1
KREBA  ERBENEMES o B U8 —RREFEHER CHE
RUEBRLBNESRELENRUE  MEsBRELETEE 8RN
wtkleHE ( Plastic Shrinkage ) ZUsilgzik ( Settlement
Cracking ) Frim (16 ) o B BNk RIS T B B 16 TR i
BAFREBESE (7 ) MRS EDER IR EEERE (1) » &
T R © |
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BINREBE K - REERHASAAB G LY + SRR i F A B
 EEFRABREEFAREESEE (2 ) o

Hﬁﬁ?ﬁ@f% ( Removal ) &##4) ( Inhibition )

FETHRENTE - AEAEKGRH SRR FHEELS (elect-
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 H—EHEREE - TS SENRERE o
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B SN A RREEE  BE—SWERE - AHHR
A (B L IR BB o Y I I A 4 4R ( S tannous
Salt ) ~EEEEE ( Nitrate ) MREEEHEE ( Benzoates )
SEAMERS (3 ) o
ORELREHH ( Sealants )

RARLEEHER LR MRS - M RAKETRE ( Barrier
) B (Rotard ) K » SibH » BRA- SLHEARELA ; 5
CEAE AR L AU S TUR TN Ik (AR EE A R L o

1 B5 K (Waterproof membranes )

B K B AR SR R B ~ BB AR SRR B ABRS
B BB K BTGB A o WA S S BB R R R 108 9% 808 B AR
5 KIGHERE o

2 FEAHE ( Overlay )
F—BEAKL(0.32) » BKEEF (486kg/m? ) » EH
EEELAEFHRNERELNEARELEE L (2)  REARZH
T T KR MY B R A e SRR B R 2
ST o SRR F AL 2B A A 2B L HR o

3 2EEREAKERREE

%UFEF%“IEIEQZK@J( High Range Water Reducing Agent)
RAEMA| ( Superplasticizer ) MMAIIEEEE EAR LE KRETF
L B TIE TSR R i B E L - (N
 EZHE o | |



10/ 22

4 AEEE ( Internally Sealed ) E¥E+L
AR LNERAFUSKKED RSE S RIMARSELF
B2 HRIRH EME L2 ( Filns ) » HILAK S ~ K -
‘ﬁimﬁxtmlo

5 EBEE+ ( Polymer Impregnated Concrete )

KEATLEREARERELA  BHRETHEHERLAZ I
 REBEZ RS BIATA M0 LA REMWEEA (18 ) » LEESHE
ERERNABTIR(MMA) « (24 ( Styrene ) SlfkEBNES
HMEREME ~ [EBEATE (2 ) o | |
345 %E @3 ( Reinforcing Bar Coatings )

4 SR T LA GE RO AL G MK LR T DU IR
HLSERE  REMELERRE - KRAGHMETS B SRE
3 (Barrier ) RISHEE (Anodic ) @# o HREMBTGE
BREENESE ( Epoxy ) ~ 841bEBB ( Chlorinated Rubber
) % BRI A SN » Ti5 ~ REEMEHAIE%IE ( Sacrif-
icial Anode ) f(EFBEBEME (2 ) o |

e ( Cathodic Protection )

Ve 20 B2 FUFR I 10 e S A GBS S35
1t ( Polarization) » AMEMFEFRAEEN BB R EREE
75 BUSE EE A TR & TR0 T A5 04 A P A TR L B WAL Bl o

() RIS E ( Adequate Steel Cover ) |

BRI RAARSS - (B RBEANTER o REBOEERSE
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BRATIR  EEREGT  EEMTE  SAREENEBLTFES
TRANEBEBY LR ERLEHISESRET  @UREFED I
WELE (4 ) BERAEREREL RSB TSR o
Wé‘mél‘%%ﬁﬁ% (Moisture Protection )

HEAEREEBNER - ZRERBERESAREESES ( Dew
Point ) » BUTTLUR FRR R+ 20 RN S0k - B AT B4 ~ K
AT E SIBH 8y B o
et)pﬁ'ﬁﬁu%‘wb%é‘%( Limiting Chlorides in Concrete
Mix )

BHRLHEERBENRES X BFEEKo —RACT 222
R AL R BB LT R E ORI R IR KT ST (
Cl™ )y L@ (2] o
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IR Rk L)+ 7 LSR5 A ety £ K40 00 267 55 B -
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BT EMTAEARERRNRRY - BTREMUINRK M BN
EERPFHIIRE » (FEEA RS R 0 T Bl B B RN E 5 B
BIR g » RIS ER RS EE o

L A B8 A ( Appearance )
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AP [ IRE | A0 BRELA % - RBERTHBRE—BETFLAR
fTEHER o

2 REh BRI

FAFRAERAEE » Pathfinder » 7 LLER BB EELR
S » T TR S B BB A R A2 o |

3 BRREE TS ( Pachome ter) iﬂﬁ%

S — IR S ERi 552 ( Nondestructive Magnetic
‘Device ) ARENMRGRER < EE » B LR XIREFRER
G N RBER S ABIEHN » METEHEHR o

4. 58O MU

EE MR ey B AR 0 T IR 6 B RN Ltt%‘f 2 FU R SE s SR AL
TAEARIE ( Trouble ) M2 B RMA © 85 OBAT A RBSYH
Y 61 777 JEG Bt - EZ&L"D%F@@Z%; EHRALEE ; FMEERLSE ;
BB E IS S I o R AR I LU T e g B 2R By
aaj‘ﬁﬁi R EgE KT AN FENBRET » X - XRS5V E
B W& uﬁmﬁzaﬁﬁ% °

5 I EFH s ( Scanning Electron Microscope ) #
# -

FRZR 53 ¥t B A S0 3 o8 Bk R B0 2R+ K L ERT] FIE TR B2
&% (Mill Scale ) —&4ki ( FeO,Wustite )g'z)ggmzﬁ%—ﬁ
%9 (Fe,0:,Hematite ) (19) e TEMEAUARBRARTE
%504“‘%1_}52&%%&25&5%%@4[3 [l BERF A B R Bl I B RE I IR A o
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6. X —XiEHSEBE (X —ray diffractory ) 44

AR B A 72 7 Feb T A0 $% @ -F e 5 0 o MR+ BT A0 55
r-Fe;0; , Fe.(OH), X Fe(OH), & EAWWLSHHLERLE
£ EBBACDHIB S o

1 EEFEE eSS ( Ion Meter / PH Meter ) &l
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1. INTRODUCTION

Recently, there is an increasing demand for steel pipe piles for construction of offshore
structures such as sea-berths, jetties and bulkheads which are'subjected to severe corrosion
environments. Nippon Kokan K.K. (NKK), a world leader in three major industrial fields-steel-
making, "éﬁ’gi"héering and construction, and shipbuilding, have been working on ways and means
of protecting the steel pipe piles used under such critical environments from deterioration for
many years.

Various kinds of materials and methods for corrosion control systems for offshore structures
have been developed, tried and put to practical use in many countries. But few effective and
economical corrosion control measures has been available, especially for splash and tidal zones in
marine environments.

After many years of research and development, NKK offers a proven answer: NK MARINE
COAT P steel pipe piles—Polyethylene Coated steel pipe piles designed to protect against corrosion.

NK Marine Coat P steel pipe piles meet with the following basic requirements;

(1) That it is chemicaily and physically stable over an extended period of time in marine
environments and corrosive soil deposits,

(2) That the overall cost of providing corrosion protection or manufacturing thereof, and
maintenance and repairs is economically advantageous OVeET extisting other corrosion control
systems,

(3) That it possesses adequate mechanical properties so that it is capable of withstanding the
external forces produced from handling, transportation, and storage, and

(4) That repairs can be simply and easily made. ' ’

Over 10 years exposure tests on various types of corrosion protection methods have been
carried out on offshore structure models in the Bays of Fukuyama and Shimizu, Japan by our
engineers of the Corrosion and Protection Laboratory.

The test results have proven Polyethylene Coated steel pipe piles to be one of the most
excelling groups in quality and performance among the other corrosion control methods.

This new types of steel pipe pile uses high density polyethylene (HDPE) which was selected by
giving due consideration to corrosion resistance, seawater resistance, weathing resistance and
- impact resistance.
~ The pile is supplied with a polyethylene coating by a process developved exclusively by NKK
under a thoroughgoing quality control.

This Technical Bulletin contains information about what NK MARINE COAT P steel pipe piles
are and how to use the piles for offshore structures and for pile foundations on land in corrosive

soil deposits.
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2. CORROSION PROTECTION FOR STEEL PILES IN MARINE ENVIRONMENTS
2.1 Corrosion of Steel Piles in Mrine Environments
A typical corrosion rate profile of steel piles (steel pipe piles, steel H-piles, steel pipe sheet
_ piles) and steel sheet piling is shown in Fig. 2—1. As can be clearly seen, the marine environment
can be classified into five different zones of marine atmospheric, splash, tidal, submerged and
mud zones, starting in the vertically downward direction,
The corrosion rate is the fastest in the splash zone and slows down in the sequence of seawater

surface, submerged and tidal Zones.

Marine Atmospheric Zone \

Splash Zone l
R ___l._)../__-_—-.-l.—- -----
Tidal Zone - T r— _.:;.__..gl_. -_—t — ‘_..

Sea Bottom

e S

Submerged Zone

———— Mild Steel
Mud Zone

— == Damaged area of painted steel

I 1 | |
Rate of Thickness Reduction (random scale)

Fig. 2—1  Corrosion rate profile of steel piles in marine environments
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The surface of the steel in the splash zone in constantly covered with a thin film of seawater
which is applied by the splashes aﬁd sprays of seawater. This results in an abundant supply of
oxygen to the mefal through the film which accelerates the rate of steel corrosion. Even if this
secﬁon of the steel is provided with a coat of paint, the corfosion at damaged portions of the
cdating is great, and moreover, since cathodic protectionis rendered ineffective, the splash zone
among all zones of marine environments is the most difficult to control corrosion.

The steel in the tidal zone is subjected to a cyclic immersion in seawater which becomes similar
to that df the §plash zone. Therefore, there is a good possibility of the corrosion rate becoming -
just as fast as that 6f the splash zone, but actually, it is not that pronounced. This is due to a
difference in the Oz concentration between the seawater surface zone and tidal zone, a pheno-

mena resulting from a formation of a mocro-cell.

Awmosphere
02 / 02
Mecro C“Q/é y %02 + H20 + 2e = 20H
v ~1 < \v4
Macro Anode ——— > «—— Fe+Fe? +2e
é Seawater

Fig. 2—2 Macro Cell



1174

In other words, the tidal zone, as Fig. 2—2 indicates, cathodically reacts against the seawater
surface zone. As a result, the tidal zone is put under a condition as though it is being subjected to
cathodic protection with the seawater surface zone acting as a sacrificial anode. This is the reason
why corrosion is held in check. On the other hand, corrosion of steel in the seawater surface zone
when compared to the deeper submerged zone is more intense by that much of reaction occurr-
ing in the tidal zone acting as an anode. |

Because of the large amounts of seawater splashes, the steel in the marine atmospheric zone as
cor‘m‘)are‘dvto onland atmospheric zone is subjected to an extremely severe corrosion environment,

Corrosion of steel in the mud zone is most moderate among the marine environments due to a

limited supply of O2.

Table 2—-1 indicates corrosion rates of mild and marine steels in each marine environment for

Japanese waters.

Table 2—-1  Corrosion rate of mild steel and marine steel

Marine Environments

Corrosion Rates (mm/year)

Mild Steel Marine Steel
Marine Atmospheric Zone 0.04 ~0.10 0.04 ~ 0.05
Splash Zone 03 ~0.5 0.1 ~0.15
Tidal Zone ~0.1 ~0.1
Submerged Zone 0.2 ~0.25 0.15~0.2
Mud Zone ~0.1 ~0.06
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2.2 Corrosion Control Methods of Steel Piles

Among the marine enyironmenis, corrosion is mostly stimulated in the area from the sbi;_lsh to
seawater surface zones. Therefore, corrosion rates of steels for offshore structures in these_ zones
determines the service life of the structures. |

Accordingly, it is of utmost importance that care be given in the selectien of, proper c_r)rrosion
protection measures.by t’aking into account the type of structure, the environment in Which the
structure is constructed, and service life requrrements ‘Great care must be exercised in the
selection of corrosion protection measures pamcularly for steels to be ]ocated in the tidal zone
which is an environment with many limitations from a standpoint of maintenance and re_parrs
carried out on corrqsion protective treatment subtected to damaged by, waves, tirial currents, anrl
adherence of barnacles arrd marine fouling. | |

It is not a good policy to adopt different protective measures for each environmental zone‘
because it is an extremely difficult task An appropriate way of drawing up corrosron protectron
measures is to classify the zones into above sea surface and submerged zones using the séawater
surface zone (accurately speaking, one meter lselow the LWL) as the boundary. |

Examples of typical conventional corrosion protection measures taken for offshore structures
and their advantages and disadvantages are given in Table 2— 1‘

Apart from the foregoing, NKK have independently carried out numerous types of long—term
marine exposure corrosion tests in the bays of Fukuyama and Shimizu to. develop. corrosion
protection systems which fully satisfy the requirements a_riziug from designed service lifes and
configurations of the structures and environmental conditions. "

An example of a corrosion protection system developed from the test results is shown in Table
72-3. The results of the tests have proven that “NK MARINE COAT P” steel pipe piles used asd .
corrosion protection material for newly installed steel pipe piles is not only the most economical,
but also demanstrates the maximum degree of corrosion protectlon performance. Therefore
NKK highly recommend the use of “NK MARINE COAT P” steel pipe piles as a corrosron
protection measures for marine steel pipe piles. Furthermore, a combined use of “NK MARINE
COAT P” steel pipe piles above the seawater zone and cathodic protection in the submerged zone

is also satisfactory.
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Table 2—3  Adaptability of Corrogiop_Protection Measures According to En\{imn\gnt S

Environment Marine | ° gplash ‘1 Tidal - | Sub d " Mud-
Atmosphere p’ash~ | Tida | u mérge ' u »
Corrosion — : : :
Protection New Installation | njey, Exist- | New Exist- | New Exist | New Exist- | New E‘xist;
Measures Existing ing ing ing ing ing
Paints (Coéting) ) (@) Al a A AN BN - O -
Metall Wrapping (@) O | © e - O - - -
Concrete Lining O O A A A A O - O -
NK MARINE COAT P ol -lol|l-1lol - ol - ol -
Mastic Lining O (@) (@) (@) (@) @) (@) @) - -
Cathodic Protection - | - - - O O © © (@) ©
* Marine Steel (Corrosion resistant _ _ N |
low alloy steel) - O |- ) O O O

© Effective . :

O Possible to apply Effect is fairly high
A Difficult to apply Effect is low

— Out of bounds
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4.5 Indent Resistance
Even- under hlgh pressure NK MARINE COAT P is only shlghtly dented and therefore plles

can be stacked up in the same way as other piles can.

1.0
Test Method  — DIN 30670 ,
0.8 |- Pressure - 100 kg/cm2 1
Temperature — 80°c . - ~
- Film Thickness — 3.0 mm -
£ ~ —— High Density Polyethylene -
~ 06} .
. 06F . Low Density Polyethylene -
_g‘. ow vensity Folyethy //
a -
[~ L —
2 04f—— ——
5
c
Q
a.
0.2
0 1 i - i _
to! ' 102 "10° 10? 10%
Time (hrs)

Fig. 4-4  Dependence of Compression on Time



4.6 Thermal aging
Another feature of NK MARINE COAT P is superior heat resistance in the ordinary tempera-

ture range.

Period in which Tensile and Elongation is Reduced by Half (Hours)

10

10°

10*

10°

10

2]
[=]
Y 1t 11711

w
o
T
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Uy .

'y 1 1 1

1 1

1
160 140 120 100 80 60 40
Temperature (t°c)

1 Y 1 1 A 1 1 1 1 1 L

2.2 23 24 2.5 26 2.7 28 2.9 3.0 3.1 3.2
Temperature (1/T x 10% °k)

Fig. 4—5 Heat Resistivity of High Density Polyethylene

4.7 Environmental Stress Cracking Resistance
NK MARINE COAT P has a resistance of more than 1,000 hours to cracks due to emviron-

mental stresses. This means that surfacial cracks that happen to be present will not become any

larger.

—17 —

N



11/18

5. FEATURES OF “NK MARINE COAT P STEEL PIPE PILE
5.1 Peeling Resistance ' o . |
Because the adhesion of NK MARINE COAT P to the surface of a steel pipe is exception‘ally

good, these are no problems with slipping or peeling when a pile is driven in.

25

20

{kg/cm)

Peel Choesive Strength

15

10

© temperatures between 80 C and

Thermal Impact
Operations were repeated 10
times by retaining differirég

—45 C, but centered on 23°C for
2 hours each, but variations were
not observed,

1 1 1 1 1 1

L
—40

. i
-20 ¢} 20 40 60 80 100

Temperature °c)

Fig. 5—1 Dependence of Cohesive Strength to Temperature

—~18 —
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5.2 Insulation resistance in soil deposits
Because NK MARINE COAT P steel pipe piles have high long-term insulation resistance, they
are extremely corrosion-resistant even in highly corrosive siol deposits.

Generally speaking, corrosion does not occur at an insulation resistance of 10° Q « m? and
above.

10'5}

2y

-
o—

)
I

107 |~

Insulation Resistance (§2* m
T

10 i 1
107! 10° 10 102 3

Time (month)

Fig. 5—2 Insulation Resistance in Soil

19 —
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6.2 Storage
When storing piles on the site, they should never be placed directly on the grouned, but on

sheepers, etc. for safety reasons, piles should net be stacked higher than 2.0m.

Sleeper

Fig. 6—~2 Field Storage
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Rubber Sheet
Rubber Sheet

AN

\ Sleeper

(a) Satisfactory

Sand

(b) Satisfactory

Susceptible to Damage

(c) Unsatisfactory

Fig. 6—3 Proper Storing Methods

6.3 Driving

When driving in piles, care should be taken to ensure that sharp objects, such as the pile driver
and hammer, do not come into contact with them. If a comparatively thick layer of gravel, or
stone or stone paving is present close to the surface of the ground it should be removed before
pile driving work. Also, if htere is hard sandy layer in the ground, pre-boring with an auger etc. is

neccessary.

23
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7. CORROSION PROTECTION METHOD OF FIELD JOINT
7.1 When Using Shrinkable Tube

(1)  Apparatus (LPG cylinder, burner for LPG only, (2) Rust and welding spatters on the surface of the

wire brush, organic solvent, shrinkable tube.) steel pipe are removed with a grinder or wire
‘ brush. ’ '

(3)  The edges of the coating are removed. (4) Dirt and grease on the coating are removed
with an organic solvent.

_ 24 _
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{8) The position in which the shrinkable'tube is to (6) The surface of the steel pipe is preheated to 40
‘be set is marked (by lines about 100mm from ~ 70°C.
the ends of the coating)

(7) The tube is temporarily set in the specified (8)  The LPG burner is used to heat and shrink the

position with tape, center of the tube in the circumferential direc-
tion.

_25 —
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8. CUTTING TO SPECIFIED HEIGHT

(1)  The place to be cut is marked (2) The line - 150mm below the place to be cut is
also marked. A cutter is used to cut down to
the surface of the pipe.

{3) Cutting is done by an acetylene burner. (4) A cutter is inserted into the pipe in the longitu-
dinal direction,
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(6) The coating is putted off with a scraper, cutting
pliers, screw driver, etc.

(6) If the coating is hard to pull off, the inside of
the pipe is heated to 100 ~ 130°C. It can then
be putted off easily.

{8) Wark is finished. {9) Implements used {scraper and a cutter)
(Time required : 15~ 20 mins.)



11/ 32

9. REPAIR SYSTEMS

fuc R

(1) Damaged part. (2)  Any rust on the damaged part is removed with
‘ a wire brush and the coating is smoothly
“finished.”

{3) Dirt and grease on the coating are removed with (4) A sealing material is used to full the area.

an organic solvent.

_ 32—
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(5) The sealing matinal is now broperly fulled into
the area.

(6) The sheet is attached in the position spcified. (7) Heating and shrinking work.

(8) Heating is stopped when the adhesive begins to (9) Apparatus used (LPG cylinder, burner for LPG
leak from the end of the tubing. only, mastic tape, wire bursh, application roller,
organic solvent, shrinkable sheet)
(Time required : 20 ~ 25 mins.)

33—
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10. APPLICATIONS

10.1 Waterfront Structures
The following structures are applications of NK MARINE COAT P steel pipe piles to water

front structures.

(1) Jetties

HW.L

—%
vi LW.L.

NK MARINE COAT P
steel pipe pile

(2) Dolphins -
’1\ *"1%
Voo
Plan View

NK MARINE COAT P
steel pipe pile

Cross Section

_ 34 _



(3) Multiple Pile Foundations
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NK MARINE COAT P
steel pipe pile
(4) Freestanding Pile Foundations
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1] — —
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NK MARINE COAT P
steel pipe pile
(5) Breakwaters
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NK MARINE COATP
steel pipe pile

NK MARINE COAT P
steel pipe pile
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10.2 Pile Foundation on Land
As practical examples for on-land pile foundations, applications as foundations for various

types of structures such as buildings, bridge on corrosive soil deposits containing sulfides which
\
accelerate the stimulation of corrosion can be given for NK MARINE COAT P steel pipe piles.
“

The foilowing example is of foundation for tanks.

Silty Clay

NK MARINE COAT P
steel pipe pile

Clay

Sandi— __

Gravel

Mud Stone___—//// o 30,000 .

— 36 —
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