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Abstract: Problem statement: Damage due to corrosion is a significant problemrldwide.
Countries around the world have estimated thattst of corrosion to their national economies to be
3-4% of their gross national produétpproach: Design and implementation a new steel piling of the
Corrosion Management Program (CMP) in Al-ZubarébbarCorrosion management algorithm can be
divided into three major phases. Phase 1 of thgrpmo is the programmatic assessment of the project.
Phase 2 of the program involves physical assessamehactual remediation. Phase 3 of the program
mainly deals with future monitoring of the repairstucture.Results: The CMP included activities
performed to mitigate corrosion, to repair corrosinduced damage and to replace the structures that
are badly corroded. Installation and maintenancgiirements are identifie@onclusion: The data
was collected from the tide table for Al-Zubare btarin the year 2004. The highest tide of the year
would fall on 17 October 2004 at 1.05 am with le®& m, while the lowest tide of the year would fal
on 3 July 2004 at 5.13 am with level Om. The dé@ectesults show that this program is feasible and
effective.
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INTRODUCTION Cathodic prevention is an electrochemical technique
aimed at preventing corrosion initiation in reirded
Corrosion and in particular corrosion of metal concrete structures subjected to chloride penetratis
structures, is a problem that must regularly beslabs and piles of bridges in the presence of iheric
addressed in a wide. Variety of areas, for example, salts and structures in marine environrfieriloreover,
the automotive industry, metal parts are oftengulair  the cathodic reaction at the steel surface leadthdo
coated to protect them from road salt and moisitore production of alkalinity and thus avoids the logdd
hopes of increasing their longevity. Indeed, manydecrease involved in pitting corrosion; also tha io
traditionally metal parts are currently being with migration is expected to play a beneficial role in
polymeric components, which are not only lighted an reducing the chloride concentration in the vicindfy
perhaps more cost effective to produce, but ar¢he steel surfaée’.
generally impervious to electrochemical corrosifter
experienced by metals. Theoretical background: Corrosion and in particular
In recent years, an extensive amount of researcborrosion of metal structures, is a problem thatstmu
work has been carried out in order to better uridecs  regularly be addressed in a wide. Variety of aréars,
and control several of the most important detetioga example, in the automotive industry, metal parts ar
mechanisms such as alkali aggregate reactiongzirigee often plated or coated to protect them from road sa
and thawing and corrosion of embedded steel. Imnd moisture in hopes of increasing their longevity
particular, much work has been carried out on goro  Indeed, many traditionally metal parts are cursentl
of embedded steel, which represents the greatesitth being with polymeric components, which are not only
both to the safety and economy of the structuresieN lighter and perhaps more cost effective to prodbce,
before has so much basic information and knowledgare generally impervious to electrochemical cooosi
about concrete durability been available. The greabften experienced by metals.
challenge to the professional society is, therefooe Even with the proper selection of base metals and
utilize and transform more of this existing knowded well-designed systems or structures, there is solate
into good and appropriate engineering praftite way to eliminate all corrosion. Therefore, corrosio
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protection methods are used to additionally miggat MATERIALSAND METHODS
and control the effects of corrosion. Corrosion

protection can be in a number of different A case study has been carried out on a concrete
forms/strategle_:s with perhaps multiple me_thodsmppl_ repair of a shipping yard that was corroded after
in severe environments. Forms of corrosion pratecti annroximately 25 years of service life. The client
include the use of inhibitors, surface treatmentsinyolved in the reconstruction work is Al-Zubare.
coatings and sealants, cathodic protection and 'anOdFigure 2 shows the view of the deck and steel gith
protection. the structure.

They were nominated as the main contractor for
Corrosion mechanism of steel in seawater: On steel the repair work of Al-Zubare Dolphin C to Dolphin D
piling in seawater, the more chemically active aoef ~ at Quay 2 and Quay 3. Subsequently, they awarded th
areas (anodes) are metallically coupled through théontract and the work of rehabilitations begins
piling itself to the less chemically active surfameas Ccommencement on February 2004.

(cathodes) resulting in a flow of electricity and ] Qt tl?at p;lqir;]t, a few alterr|1atives idn (cj)rger to gpl?
corrosion of the anodic areas. General surfacée ocks which were severely corroded due to c

roughening occurs when these local anodic an&)rotectlve measures taken during construction dsal a

: . . : due to daily exposure to corrosive environmenteRut
cathadic areas continually shift about randomlyiutyr corrosion increased when tide is high. Continuing

the corrosion process. Sometimes these active IOC%gression of corrosive agents such as chloridenfro

areas do not shift position end, therefore, theamet geayater has prompted to come out with an altesnati
suffers localized attack and pitting occurs. Ing@h  \yhich will provide long term protection. However,
the depth of plttlng is related to the ratio of dmeodic before deciding on the methods to be app"ed' a
sites to the area of cathodic site in contact Wit  conceptual and feasibility studies has been caoigd
electrolyte (seawater), the smaller the anode are@ypically, corrosion management can be divided into
relative to the cathode area, the deeper the gittin three major phases.

Phase 1 of the program is the programmatic
Zones of corrosion of steel piles. Examination of assessment of the project. This phase is the pignni
corroded marine piles reveals several distinctsafa stage for a corrosion management program to take
attack. It is convenient to dive these areas iite f place. It initiates the program to be implemented o
zones, each having a characteristic corrosion aate structures that are found to be under the threat of
shown in Fig. 1. corrosion. For the planning stage, three main
requirements are sought, namely the strategy, ltudge
and schedule needed to overcome the problem raised
from corrosion of reinforcement. This is seen as an
important part for an effective management progesm
feasibility studies are normally conducted to deiee
the serviceability of the structure after treatment

Moderate Corrosion

/ Atmospheric Zone — — |
Severe Corrosion Splash Zone
v / v
High Corrosion Tidal Zone
v / v
Low Corrosion .
Submerged Zone

Fig. 1: Typical corrosion regions of a steel pile i
marine environment Fig. 2: View of the deck and steel piling
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Phase 2 of the program involves physical RESULTS
assessment and actual remediation. Inspections for
severity of corrosion are conducted in this phase t

determ|pe what strategy or method; are most saitabl inspection. Those data being obtained includedttie
be applied. Developme_nt of corrosion control state Table from Maritime Department and the layout pdén
would present more option to the management prograniye steel pipe pile between Dolphin C and Dolphin D
Remedial work would be carried out once the propegrom the tide table for Al-Zubare Harbor in the yea
strategy has been recognized. 2004, the highest tide of the year would fall on 17
Phase 3 of the program mainly deals with futureOctober 2004 at 1.05 am with level 3.5 m, while the
monitoring of the repaired structure. Currently andlowest tide of the year would fall on 3 July 2084
historically, most of the corrosion control progam 5.13 am with level 0 m.
are driven by response to incident or urgent need, Carbon and low alloy steels are susceptible to
rather than systematically identifying and managingunifolrm atmospheric co_rrosion while stainless stesé
the existing resources. This can be overcome byor!adered resistant. Figure 4 shows data coIIeot_ed
implementing internal or external monitoring systemVarious carbon and low alloy steels tested for armif
using current technology practiced in oil and gascorrosmn in a real atrnosphenc environment. Tfaxp_bs
industries. The overall flowchart for an effective clearly show the decline in corrosion rate overetimith

corrosion management proaram is as shown in Fia. 3 the exception of the severe marine environment.
9 prog 9. 2. The corrosion rate of steels in acids depends upon

the composition and concentration of acid, as \asl|

Before a visual inspection is carried out, primary
data was required to plan for a systematic visual

Aeoseement of condition ™ temperature. The corrosion rate of steels in
of ths structurs hydrochloric acids will continuously increase with
increasing acid concentration. In sulfuric acids,
i however, the corrosion rate increases until a lefel
e concentration where passivity is reached, Figf Bhé
— passive film is damaged by mechanical or chemical
Phase means, the corrosion rate will significantly incsean
Strategy developed based on f 1 concentrated solutions.
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Fig. 4: Uniform corrosion of steels in various
Fig. 3: Corrosion management program atmospheric environments
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Fig. 5: Uniform corrosion of carbon steel by suilfur
acid at room temperature

Fig. 6: Concrete cover was seen disintegrated fro
beams

DISCUSSION
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not exposed to seawater suffer similar fate through
wind depositing salt aerosols. Figure 6 shows the
disintegration of concrete from the beams.

CONCLUSION

A routine maintenance work is needed to be carried
out for those steel pipe piles in order to makee ghe
effectiveness as a load transfer structure to #el h
strata. However, as for the deck, the reinforcemant
needed to be replaced as the strength of the stadt
reduce significantly in near future. Protective sweas
were also required to be introduced to prevent the
ingress of corrosive elements and thus prolong the
service life of the structure.
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