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ABSTRACT 

Steel reinforced concrete is probably the most extensively used construction 

material in the world. However, many cases of structural failure have occurred during 

recent years especially for those structures that are exposed to marine environment 

such as harbour structures and bridge structures. Structural failures are mainly due to 

the steel reinforcement corrosion. The objective of this study has been conducted to 

look into the effect of different concentration of chloride content on corrosion rate in 

steel reinforced concrete. The second objective is to compare and study the 

morphology of reinforced steel before and after corrosion based on difference 

concentration of chloride in concrete. The reinforced steel bar used in this study was 

based on commercially available which obtained from Ann Joo Steel Berhad. Four 

steel reinforced concrete specimens were manufactured with cement/sand/water ratio 

of 1:3:0.5 by weight. Then, each of the specimens was subjected to concentrations of 

sodium chloride solution with the percentage of 1%, 3%, 5%, and 7% by weight for 

reveal the relationship between chloride ion and corrosion rate. The morphology of 

reinforced steels is compared and analysis. The study is shown that the corrosion rate 

of reinforced steel bar is directly proportional to the chloride concentration. The 

corrosion products on reinforced steel bar also increase with the chloride 

concentration .Some pits are found on the reinforced steel .Finally, the potential of 

cost saving and life saving is high via understanding the corrosion behaviour and 

problem of steel reinforced concrete before tragedy occurred. 



ABSTRAK 

Konkrit jenis besi tetulang merupakan bahan binaan yang paling banyak 

digunakan dalam dunia. Akan tetapi, terdapat banyak kes kegagalan stmktur berlaku 

kebelakangan ini temtama pada struktur dibina di persekitaran laut seperti struktur di 

labuan dan jambatan. Kegagalan struktur ini adalah disebabkan pengaratan besi 

tetulang dalam konkrit. Objektif bagi kajian ini adalah menentukan kesan perbezaan 

kepekatan klorin ke atas kadar pengaratan pada konkrit jenis tetulang. Objektif kedua 

adalah mempelajari and membanding microstruktur untuk tetulang besi sebelum dan 

selepas pengaratan pada kepekatan berlainan dalam konkrit. Besi tetulang yang 

digunakan adalah diperolehi dari Ann Joo Steel Berhad. Empat konkrit besi tetulang 

disediakan pada nisbah simen/pasir/air 1:3:0.5 mengikut berat. Kemudian, empat 

sample ini direndamkan dalam cecair natrium klorin.dalam peratusan I%, 3%, 5% 

dan 7% mengikut berat supaya hubungan di antara pengaratan dan kepekatan ion 

kloride dapat dikaji. Microstruktur untuk besi tetulang adalah dibanding dan 

dianalisis.keputusan kajian ini menunjukkan kadar pengaratan tetulang. besi adalah 

berkadar langsung dengan kepekatan ion kloride. Bahan pengaratan pada tetulang 

besi juga bertambah dengan kepekatan ion kloride yang lebih tinggi. Lubang-lubang 

dapat deperhatikan pada tetulang besi. Akhirnya, berpotensi tinggi untuk 

menjirnatkan jumlah wang dan nyawa jika masalah dan amalan pengaratan diketahui 

sebelum tragedi berlaku. 
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CHAPTER 1 

INTRODUCTION 

1 .  Background 

Corrosion problem occurred on earth for more than a century. It occupied 

many fields that have application of metal such as electronic sector, agricultural 

sector, manufacturing sector and chemical plant. However, corrosion happen in 

construction field is the most critically because it involves large amount of human 

that live under these structures. 

Corrosion of reinforcing steel in concrete is the most deterioration process 

influence steel reinforced concrete structures or construction field. Steel reinforced 

concrete structures form an important part of our infrastructure. Buildings, slabs, 

beam, bridge decks and piles, all these structures can be executioned with steel 

reinforced concrete. Concrete can provides physical and chemical protection to the 

reinforcing steel. The main aim of physical protection is hindered the ingress of 

aggressive species such as oxygen, moisture and chloride ion to the steel concrete 

interface. The chemical protection is involved via high basicity of pore solution such 

as sodium, calcium and potassium oxides. Concrete provides the ideal environment 

for protecting embedded steel because of its alkalinity. A layer of passive protection 

film is formed on the reinforcing steel surface under high alkalinity. Therefore, the 

reinforcing steel is not subject to corrosion and possesses almost unlimited durability. 



However, the presence of chloride ions introduced into concrete from 

contaminated aggregates or water and external environment in excess of a critical 

threshold level can damaged the passive protection film. After that, the durability of 

reinforced concrete structures may be drastically limited. This chloride induce 

corrosion of reinforced concrete structure may often mention on marine structure, 

both on shore and off shore. It becomes the major cause of the infrastructure 

deterioration in many parts of the world. 

When the corrosion is initiated in reinforced concrete structures, the 

structures need to be repaired, renewed or replaced within a short period of years. 

This is extremely expensive, as can be noticed that the remediation of concrete 

bridges in the USA undertaken as a direct result of corrosion of the reinforcing steel 

cost the US state departments 5 billion in the year 2000; all forms of corrosion 

damage to concrete in UK in 1997 was f 750million (BCA,2000). 

1.2 Problem Statements 

Concrete essentially take care of compressive stresses but weak in tension. 

Therefore, steel should embed in concrete to strength its tensile property. The 

concrete that after embed steel is called as reinforced concrete. 

Usually the interaction between the material of the structure and the 

environment is called corrosion. Studying the history of steel reinforced concrete that 

very rare cases where a structure failed due to mechanical loadings which have not 

been considered at the design stage. The problem, instead, arises due to lack of 

sensitivity and knowledge of engineers when dealing with questions of corrosion. 

One of the main source of corrosion in reinforce concrete is caused by chloride. The 



high numbers of structures where corrosion and especially steel reinforcement 

corrosion has led to premature failures and costly restoration. As the saying state that 

"prevention is better than cure", it is necessary to understand, study, and prevent the 

corrosion problem before it occurred. 

Corrosion of steel reinforcement in structures is now a feature which 

figures heavily in the maintenance of existing buildings, contributed to a number of 

structural collapses and involved large amount of human life. Concrete condition is 

simulated to investigate the influence of aggressive element such as ion chloride in 

corrosion of steel in concrete. 

1.3 Objectives 

The purposes of this project are: 

i) To study the effect of different level of chloride content on corrosion rate in 

steel reinforced concrete. 

ii) To compare and study the morphology reinforced steel before and after 

corrosion based on difference concentration of chloride in concrete. 

1.4 Scope of Studies 

Basically, the objective of this project is to study the influence of chloride 

which led to premature failures of construction. The research work will focus on 

study on the behaviour and microstructure of corroded steel in the laboratory scale. 

Among the methods that will be carried out to determine current trend of corrosion in 

Malaysia's buildings are included internet research, reference of previous and 



interview expert in this topic. It will involve several processing stage in corroding 

and checking the corrosion rate of samples by using electrochemical technique. This 

will followed by the observation stage in order to investigate microstructure and 

other. The finding will be analysis and the method of prevention corrosion in 

reinforce concrete will be suggested. 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Electrochemical Theory of Corrosion 

Corrosion can be defined in different ways but the common interpretation of 

the term is deterioration of a material especially metal by reaction with species in the 

environment to form chemical compound. The' concept of corrosion can involved 

wider sense, where attack on non metallic materials. Corrosion of metallic material 

can be separated into three main groups. The first group is corrosion in other fluid 

like molten metal and fused salt. The second group is called wet corrosion, where the 

corrosive environment is water with dissolved species. The liquid is known as 

electrolyte and it is an electrochemical process at room temperature. The last group 

of corrosion is involved dry gas corrosive environment. Therefore, this group is 

known as dry corrosion. This group of corrosion is also often called chemical 

corrosion or high temperature corrosion. 

This project concentrates just on wet corrosion. This corrosion process 

consists of an anodic reaction and a cathodic reaction. In the anodic reaction 

(oxidation), the metal dissolved at one site to form as positive ion  he location 

where anodic reaction is called anode. The residual electrons released by the anodic 

reaction are conducted via the metal to the cathodic area or cathode where they are 

consumed in the cathodic reaction (reduction). It is seen that the process causes an 



electrical circuit without any accumulation of charges. Electrode is an electronic 

conductor which cathodic reaction and anodic reaction happens. Normally, the metal 

works as electronic conductor. Between the anode and cathode, ionic and must flow 

to avoid the build up of charge. Therefore, electrolyte is necessary for corrosion 

process. The electrolyte is usually an aqueous solution of ions such as Na', Cl-, OH- 

and ~ e ~ + .  The positive ions are called cations and the negative ions are known as 

anions. If there is no external source of electrons is applied, the consumption of 

electron in cathode must same rate to the generation of electron in anode. Based on 

the condition, this dissolution process is called wet corrosion and the mechanism is 

electrochemical. This electrochemical is occurred in steel reinforced concrete which 

regarding to this project. 

2.2 Q p e  of Concrete 

Concrete (Figure 2.1) is a multiphase material construction material 

containing cement paste (unhydrated and hydrated compounds), water, aggregates 

(sand and gravel) and sometimes admixtures in required proportions. Concrete 

solidifies and hardens after mixing and placement due to a chemical process known 

as hydration. The overall mechanical and physical properties of concrete depend on 

the volume fraction and properties of the constituents and the mechanisms of 

interaction between the separate phases. 

Strength grading of concrete is prevalent in many countries. It is useful to 

separate concrete into three general types based on compressive strength. These 

include low strength concrete(1ess than 20MPa), moderate strength concrete (20 to 

40MPa) and high strength concrete (more than 40MPa) (Pedeferri et al., 2000). In 

Malaysia, the most common used concrete in structural work is moderate strength 




