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ABSTRAK

Kemerosotan struktur konkrit dalam beberapa dekad yang lalu memerlukan 

kaedah yang berkesan untuk penilaian dan penyelenggaraan keadaan. Pada masa ini, 

menilai prestasi dan keselamatan struktur konkrit bertetulang (RC) bergantung kepada 

pemeriksaan visual berasaskan rutin (VI). Walau bagaimanapun, terdapat teknik ujian 

tanpa musnah (NDT) lain yang boleh memberikan penilaian yang lebih tepat terhadap 

struktur. Oleh itu dalam kajian ini, jambatan pejalan kaki yang terletak di Jalan Tun 

Abdul Razak, Johor Bahru dipilih sebagai kajian kes, dan mempunyai teknik VI dan 

NDT yang digunakan untuk penilaian. Objektif utama penyelidikan ini adalah untuk 

menentukan keadaan komponen-komponen struktur jambatan dan menyiasat tahap 

kecacatan dan kemerosotan menggunakan ujian tanpa musnah. Kaedah kajian 

melibatkan pemeriksaan visual dan teknik-teknik NDT termasuk tukul memantul, 

meter penutup, halaju nadi ultrasonik (UPV) dan ujian ketahanan. Pendekatan kaedah 

kajian mengikuti rangka kerja penilaian keadaan yang telah dibangunkan oleh kajian 

literatur terdahulu dengan sedikit pengubahsuaian. Apabila rangka kerja tersebut 

dilaksanakan dengan pemilihan teknik-teknik NDT terbaik membantu dalam 

menentukan tahap kecacatan dan kemerosotan komponen-komponen struktur 

jambatan dan seterusnya cadangan mengenai keadaan jambatan. Komponen- 

komponen struktur jambatan yang terlibat termasuklah tiang, dek, dinding dan tangga. 

Penemuan daripada pemeriksaan visual menunjukkan terdapat banyak kecacatan dan 

kemerosotan dijumpai pada komponen-komponen struktur jambatan yang melibatkan 

retak, merekah, menggelupas dan berkarat. Seterusnya, teknik-teknik NDT yang 

dijalankan pada komponen struktur jambatan menunjukkan sesetengah daripada 

komponen terbabit mempamerkan risiko sederhana terhadap kakisan dan kualiti 

konkrit permukaan biasa sahaja. Secara umum, penyelenggaraan lanjut adalah 

diperlukan, terutamanya terhadap sesetengah komponen-komponen struktur jambatan 

yang kritikal. Oleh itu, projek penyelidikan ini menyimpulkan bahawa pemeriksaan 

visual dengan bantuan teknik-teknik NDT yang tepat dapat membantu untuk 

menyiasat keadaan semasa komponen-komponen struktur jambatan dengan lebih baik. 

Ini dapat membantu pemegang kepentingan untuk mengambil tindakan segera 

terhadap komponen-komponen dengan keadaan yang telah merosot.
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ABSTRACT

The deterioration of concrete structures in the last few decades demands for 

effective methods for condition evaluation and maintenance. Currently, assessing the 

performance and safety of reinforced concrete (RC) structures relies on routine-based 

visual inspection (VI). However, there are other non-destructive test (NDT) techniques 

that can provide a more accurate assessment of the structures. Thus in this study, a 

pedestrian bridge located in Jalan Tun Abdul Razak, Johor Bahru is chosen as a case 

study, and has both VI and NDT techniques used for assessment. The main objective 

of this research is to determine the condition of bridge structural components and 

investigate its level of defect and deterioration using non-destructive tests. The 

methodologies involved are visual inspection and NDT techniques include the rebound 

hammer, cover meter, ultrasonic pulse velocity (UPV) and resistivity test. The 

methodology approach follows a condition assessment framework that was developed 

by previous literature with some modification. The framework when implemented 

with the best selection of NDT techniques helps in determine the level of defect and 

deterioration of the bridge structural components and next recommendation regarding 

the condition of the bridge. The involved bridge structural components includes 

column, deck, wall and staircase. Findings from the visual inspection shows that there 

were many defects and deteriorations found at the bridge structural components which 

includes crack, spalling, delamination and rusting. Further, NDT techniques that were 

carried out at the selected bridge structural component shows that some of the 

components exhibited moderate risk of corrosion and fair concrete surface quality. In 

general, further maintenance is needed specifically to some critical structural 

components of the bridge. Therefore, this research project concluded that visual 

inspection assisted with correct NDT techniques will help to investigate better current 

condition of bridge structural components. This will assist the stakeholders to take 

action immediately to the components with deteriorated conditions.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

A very substantial number of bridges are made of reinforced concrete. These 

bridges have over time started to corrode and deteriorate. Some of these effects can 

cause serviceability issues, as well as damages that can cause injury or loss of life, as 

well as disruption in the traffic area.

Concrete degradation, steel corrosion, and weakening of connections in 

structures over time are significant concerns in crossing pedestrian bridges. If bridges 

are not maintained, and the damage is ignored, then over time the bridge will 

deteriorate. Thus, bridges are required to be constantly monitored and assessed (Islam 

et al., 2014).

Corrosion of steel reinforcement is the primary type of deterioration in 

Concrete structures. It is one of the worst kinds of deterioration in concrete structures, 

and sometimes it results in cracking and causes severe damages to structures. Other 

dangerous deterioration processes that do severe damages to concrete structures 

include alkali-silica reactions and damages caused by freeze-thaw processes (Afzal et 

al., 2012).

Corrosion Mechanism has, for long, been established as a severe problem of 

steel-reinforced concrete structures. Structures such as bridges that are directly 

exposed to the environments are very vulnerable to corrosion. There are generally two 

mechanisms when it comes to steel corrosion. The first relates to a reduction of 

alkalinity by leaching of alkaline substances with water or partial neutralization by 

reaction with carbon dioxide or other chemical agents (Song et al., 2007). The second 

mechanism is the electrochemical action involving chloride ions in the presence of
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oxygen. The concrete can itself be a source of these chemical agents, however some 

will also originate from the surrounding environment (Ahmed et al., 2013)

The electrochemical corrosion processes around a corrosion pit on steel in 

concrete are illustrated, and the electrochemical reactions can be summarized as 

process depicted in Figure 1.1. In this figure, the first three lines are the process in 

which the corrosion reacts, in the last line, the rust reaction occurs.

Fe ^  2e +  Fe2+

% O2 +  H2O + 2 e “  ^  2(O H )“

Fe2+ +  2(O H )“  ^  Fe(OH)2 

4Fe(OH)2 +  2H2O +  O2 ^  4Fe(OH)3

Figure 1.1 Electrochemical corrosion process

Even though concrete has become a popular material for construction and 

building, it is has some very core practical limitations such as its lack of flexibility and 

deformation. Using steel as a reinforcement agent where tensile stresses are located. 

However, this creates a challenge not only as to how this material can be embed into 

concrete, but also as to how they will react with one another. These two materials are 

relatively compatible in most areas, mainly due to the fact that they share the same 

thermal expansion coefficient. There are also corrosion control methods that can be 

used that can prolong the duration at which the metal and electrolytes interact, slowing 

down the rate of corrosion considerably (Hartt et al., 2004)

Corrosion is a wide-spread problem that is not only limited to humid areas, but 

also the whole world. In the oil and gas industry alone, corrosion has cost billions of 

dollars a year in the US. Corrosion is not limited to only metallic materials, but also 

concrete, as it can deteriorate it overtime and create damage to the structures. This 

complicated processes is mainly the results of a reaction between the environment, and 

the concrete (Hartt et al., 2004).
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There are significant advances in non-destructive electrochemical techniques 

for the measurement of corrosion rates of reinforcement embedded in concrete. An 

inspection of a bridge, which involves a systematic check on the physical condition of 

a bridge, is effective in preventing any undesirable incident such as failure from 

happening. This involves early detection and recommendations of any problems that 

may arise from propagating to a critical condition. Another motivation for bridge 

inspection is in the preservation of capital investment, as maintaining a bridge, is much 

cheaper than rebuilding one. Proper monitoring solution can ultimately lead to reduced 

costs over time. Hence, focusing on assessing the condition of structures and bridges 

effectively, can lead to the preservation of time and resources.

1.2 Problem Statement

Over time, bridges and structures deteriorate and require maintenance, 

replacement or rehabilitation. However, there is a need for cost effective methods and 

strategies that can accomplish that. Asian countries, particularly those located in the 

South East have high degree of humidity, which increases the risk of corrosion. 

Malaysia in particular has a high degree of humidity, particularly in the southern 

regions. Thus, a routine inspection of the structures is needed to ensure that corrosion 

is not spearing or progressing to a degree in which it can’t be controlled anymore 

(Wyant, 2002). In many cases, a visual inspecting is not enough to reveal the corrosion 

rate. Thus, in addition to a visual inspection, other none destructive tests are required 

in order to indicate other problems that the structure might be facing.

1.3 Research Objectives

The main research objectives of the study condition assessing of the study are:

i. To propose a Condition Assessment Framework that uses non­

destructive tests and techniques in order to assess a bridge condition.
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ii. To determine the level of defect and deterioration using the proposed 

condition assessment framework on a pedestrian bridge.

iii. To formulate recommendations based on the observed and identified 

deterioration types.

1.4 Significance of Study

In most scenarios, a single none destructive test is used to assess the corrosion 

rate of concrete bridges. This is most of the time not enough to indicate the specificities 

of the condition of the bridge, which may lead to false conclusions made by consultants 

that are responsible for the bridges assessment. This may incur costs that are not 

predicted and may even cause delays in the construction if not handled properly. Thus, 

the use of three or more techniques could lead to a better understanding of how 

corrosion operates. (Gu et al., 1996). This can eventually increase the level of accuracy 

in predicting corrosion.

A proper framework that can use several none destructive tests and techniques 

in a cost-effective and strategic way can allow engineers in effectively and efficiently 

monitor structures. This can ultimately prevent them from premature collapse or 

destruction of the aforementioned structures.

With the up to date research on NDT testing, NDT testing is applicable 

especially to concrete bridges. The planning and selection of NDT testing proposed 

different damage levels based on crack lengths, spalling of concrete cover, and 

corrosion of reinforcement along with visual inspection type where suggested.
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1.5 Scope of Study

In this study the scope is limited to performing the inspection and assessment 

on the pedestrian bridge. The pedestrian bridge was owned by Johor Bahru Local 

Authority in Malaysia. The non-destructive tests include visual inspection, rebound 

hammer, UPV, and resistivity testing. This study was performed as visual inspection 

and non-destructive testing of reinforced concrete bridge components. The study 

attends to evaluate the accuracy and reproducibility of corrosion rate data obtained by 

various devices in the testing of bridge concrete structures. The data obtained and the 

procedures used will serve to gain insight into the kind of repair needed. The time, 

temperature, and relative humidity corresponding to all parts in the bridge (deck, 

column, and stairs) evaluation were also recorded.

1.5 Thesis Organization

This thesis contains five chapters. In the first chapter the general background 

of the study, the problem statement, research objectives and scope of the study are 

elaborated on. In the study chapter, the literature review is listed. In the third Chapter, 

the reserch methodlogy is elaborated. The fourth chapter focuses on the results of the 

experiment and inspection, with a discussion peformed at the end of the chapter. 

Finaly, in the fifth chapter, the study is concluded and recommendations are given for 

future work, as well as a reflection of the work that has been thus far completed.

5



REFERENCES

Afzal, M. H. B., Kabir, S., & Sidek, O. (2012). An in-depth review: Structural health 
monitoring using fiber optic sensor. IETE Technical Review, 29(2), 105-113.

Ahmed, A., Alam, M., & Husain, A. (2013). Investigation of Structural Defects and 
Renovation of a RC Residential Building. International Journal of Chemical,
Environmental & Biological Sciences (IJCEBS), 1, 288-292.

Alani, A. M., Aboutalebi, M., & Kilic, G. (2014). Integrated health assessment strategy 
using NDT for reinforced concrete bridges. NDT & e International, 61, 80-94.

ASTM, C. (2009). 597, Standard test method for pulse velocity through concrete.
ASTM International, West Conshohocken, PA .

Benmessaoud Left, D., Zertoubi, M., Khoudali, S., & Azzi, M. (2018). New 
Application of Chamaerops Humilis L. Extract as a Green Corrosion Inhibitor 
for Reinforcement Steel in a Simulated Carbonated Concrete Pore Solution.
Portugaliae Electrochimica Acta, 36(4), 249-257.

Berke, N., Hicks, M., & Chaker, V. (1992). Corrosion forms and control for 
infrastructure, V. Chaker editor, ASTMSTP, 1137, 207.

Berke, N. S., & Chaker, V. (1990). Corrosion rates o f steel in concrete: ASTM 
International.

Berriman, J., Gan, T., Hitchins, D., & Purnell, P. (2003). Non-contact ultrasonic 
interrogation o f  concrete. Paper presented at the Proceedings of the 
international symposium on NDT in civil engineering, Berlin.

Bonfiglioli, B., & Pascale, G. (2003). Internal strain measurements in concrete 
elements by fiber optic sensors. Journal o f  materials in civil engineering, 
15(2), 125-133.

Broomfield, J. P. (2003). Corrosion o f  steel in concrete: understanding, investigation 
and repair: CRC Press.

Broomfield, J. P., Davies, K., & Hladky, K. (2002). The use of permanent corrosion 
monitoring in new and existing reinforced concrete structures. Cement and 
concrete composites, 24(1), 27-34.

Browne, R. (1982). Design prediction of the life for reinforced concrete in marine and 
other chloride environments, Durability of Building Materials, 1.

60



Chang, P. C., Flatau, A., & Liu, S. (2003). Health monitoring of civil infrastructure.
Structural health monitoring, 2(3), 257-267.

Chung, H. (1985). Ultrasonic testing of concrete after exposure to high temperatures. 
NDT international, 18(5), 275-278.

Clear, K. C., & Hay, R. E. (1973). Time-to-corrosion o f  reinforcing steel in concrete 
slabs vol 1. effect o f  mix design and construction parameters. Retrieved from

Concrete, A. C.-.-N. T. o. (1998). Nondestructive test methods for evaluation o f  
concrete in structures.

Davis, A., et a l (1998). Nondestructive test methods for evaluation of concrete in 
structures. American Concrete Institute, ACI, 228.

Elsener, B. (2002). Macrocell corrosion of steel in concrete-implications for corrosion 
monitoring. Cement and concrete composites, 24(1), 65-72.

Fares, M., Villain, G., Bonnet, S., Lopes, S. P., Thauvin, B., & Thiery, M. (2018). 
Determining chloride content profiles in concrete using an electrical resistivity 
tomography device. Cement and concrete composites, 94, 315-326.

Feliu, S., Gonzalez, J., Andrade, M., & Feliu, V. (1989). Determining polarization 
resistance in reinforced concrete slabs. Corrosion Science, 29(1), 105-113.

Fnine, A., Buyle-Bodin, F., Goueygou, M., & Piwakowski, B. (2003). Assessment o f 
deteriorated concrete cover by high frequency ultrasonic waves. Paper 
presented at the Proceedings of the international symposium on NDT in civil 
engineering, Berlin.

Gattulli, V., & Chiaramonte, L. (2005). Condition assessment by visual inspection for 
a bridge management system. Computer-Aided Civil and Infrastructure 
Engineering, 20(2), 95-107.

Glass, G., Page, C., & Short, N. (1991). Factors affecting the corrosion rate of steel in 
carbonated mortars. Corrosion Science, 32(12), 1283-1294.

Glaubitt, A., Bussat, S., & Nuisance, J. (2003). Reference concrete for ultrasonic- 
testing and its creation by components with pre-analyzed properties. Paper 
presented at the Proceedings of the international symposium on NDT in civil 
engineering, Berlin.

Grosse, C., & Reinhardt, H.-W. (2003). New developments in quality control o f  
concrete using ultrasound. Paper presented at the Intern. Symp. Non­
Destructive Testing in Civil Engineering (NDT-CE).

61



Gu, P., Carter, P., Beaudoin, J., & Arnott, M. (1996). Validation of half-cell potential 
data from bridge decks. Construction Repair, 10(3).

Hartt, W. H., Powers, R. G., Leroux, V., & Lysogorski, D. (2004). A critical literature 
review o f high-performance corrosion reinforcements in concrete bridge 
applications. Retrieved from

Henderson, M. E., Dion, G. N., & Costley, R. D. (1999). Acoustic inspection o f  
concrete bridge decks. Paper presented at the Nondestructive Evaluation of 
Bridges and Highways III.

Hope, B. B., Ip, A. K., & Manning, D. G. (1985). Corrosion and electrical impedance 
in concrete. Cement and Concrete Research, 15(3), 525-534.

Hussain, S., Al-Musallam, A., & Al-Gahtani, A. (1995). Factors affecting threshold 
chloride for reinforcement corrosion in concrete. Cement and Concrete 
Research, 25(7), 1543-1555.

Islam, A., Li, F., Hamid, H., & Jaroo, A. (2014). Bridge condition assessment and load 
rating using dynamic response. Retrieved from

Jin, H.-J., Choi, H. J., Yoon, S. H., Myung, S. J., & Shim, S. E. (2005). Carbon 
nanotube-adsorbed polystyrene and poly (methyl methacrylate) microspheres. 
Chemistry o f materials, 17(16), 4034-4037.

Jin, X., Tong, J., Tian, Y., & Jin, N. (2018). Time-varying relative displacement field 
on the surface of concrete cover caused by reinforcement corrosion based on 
DIC measurement. Construction and Building Materials, 159, 695-703.

Kato, Y. (2003). Prediction o f the resistance performance o f the substance movement 
by using thermograph. Paper presented at the Proceedings of JSCE annual 
conference.

Kilic, G. (2012). Application o f  advanced non-destructive testing methods on bridge 
health assessment and analysis. University of Greenwich,

Komlos, K., Popovics, S., Nurnbergerova, T., Babal, B., & Popovics, J. (1996). 
Ultrasonic pulse velocity test of concrete properties as specified in various 
standards. Cement and concrete composites, 18(5), 357-364.

Krautkramer, J., & Krautkramer, H. (2013). Ultrasonic testing o f  materials: Springer 
Science & Business Media.

Kuang, K., & Cantwell, W. (2003). The use of plastic optical fibres and shape memory 
alloys for damage assessment and damping control in composite materials.
Measurement Science and Technology, 14(8), 1305.

62



Maalej, M., Karasaridis, A., Pantazopoulou, S., & Hatzinakos, D. (2002). Structural 
health monitoring of smart structures. Smart Materials and Structures, 11(4), 
581.

Manning, D. G. (1985). Detecting defects and deterioration in highway structures. 
NCHRP Synthesis o f  Highway Practice(118).

McCann, D., & Forde, M. (2001). Review of NDT methods in the assessment of 
concrete and masonry structures. NDT & e International, 34(2), 71-84.

Michel, A., Pease, B. J., Geiker, M. R., Stang, H., & Olesen, J. F. (2011). Monitoring 
reinforcement corrosion and corrosion-induced cracking using non-destructive 
x-ray attenuation measurements. Cement and Concrete Research, 41(11), 
1085-1094.

Millard, S., & Harrison, J. (1989). Measurement of the electrical resistivity of 
reinforced concrete structures for the assessment of corrosion risk. Brit. J. 
Nondestructive Testing, 31(11), 617-621.

Morris, W., & Vazquez, M. (2002). A migrating corrosion inhibitor evaluated in 
concrete containing various contents of admixed chlorides. Cement and 
Concrete Research, 32(2), 259-267.

Osman, M. H., Alaraji, W. A., Saim, A. A., & Majid, W. (2014). In-Situ Strength of 
Concrete Using the Correlation of Different NDT Test Methods. International 
Journal o f Applied Engineering Research, 9(23), 19767-19780.

Perenchio, W. F. (1989). The condition survey. Concrete International, 11(1), 59-62.

Rajagopalan, K., Chandrasekaran, S., Rengaswamy, N., & Muralidharan, V. (1978). 
Field exposure studies on corrosion of reinforcing steel in concrete. Indian 
Concr. J, 52(9), 231.

Ramachandran, V. S. (1996). Concrete admixtures handbook: properties, science and 
technology: William Andrew.

Raupach, M., Elsener, B., Polder, R., & Mietz, J. (2014). Corrosion o f  Reinforcement 
in Concrete: Monitoring, Prevention and Rehabilitation Techniques (Vol. 38): 
Woodhead Publishing.

Rehman, S. K. U., Ibrahim, Z., Memon, S. A., & Jameel, M. (2016). Nondestructive 
test methods for concrete bridges: A review. Construction and Building 
Materials, 107, 58-86.

Roger, D. B. Mechanisms of Corrosion of Steel in Concrete in Relation to Design, 
Inspection, and Repair of Offshore and Coastal Structures. Special Publication, 
65. doi:10.14359/6353

63



Rossi, P., & Le Maou, F. (1989). New method for detecting cracks in concrete using 
fibre optics. Materials and structures, 22(6), 437-442.

Sack, D. A., & Olson, L. D. (1995). Advanced NDT methods for evaluating concrete 
bridges and other structures. NDT & e International, 28(6), 349-357.

Sagues, A. A. (1993). Corrosion measurement techniques for steel in concrete. Paper 
presented at the CORROSION-NATIONAL ASSOCIATION OF 
CORROSION ENGINEERS ANNUAL CONFERENCE-.

Sato, D. (2001). Measurement technique o f  acquiring sodium chloride concentration 
by using near-infrared spectrum. Paper presented at the Proceedings of JSCE 
annual conference.

Schickert, M. (2003). Progress in ultrasonic SAFT-imaging o f concrete. Paper 
presented at the Proceedings of the international symposium on NDT in civil 
engineering, Berlin.

Soic, I., Martinez, S., Liposcak, I., & Miksic, B. (2018). Development of method for 
assessing efficiency of organic corrosion inhibitors in concrete reinforcement.
Gradevinar, 70(05), 369-375.

Soleymani, H. R., & Ismail, M. E. (2004). Comparing corrosion measurement methods 
to assess the corrosion activity of laboratory OPC and HPC concrete 
specimens. Cement and Concrete Research, 34(11), 2037-2044.

Song, H.-W., & Saraswathy, V. (2007). Corrosion monitoring of reinforced concrete 
structures-A. Int. J. Electrochem. Sci, 2, 1-28.

Soudki, K. A. (2001). Concrete problems and repair techniques. Waterloo, Ontario, 
Department o f  Civil Engineering.

Toghroli, A., et al. (2018). Evaluation of the parameters affecting the Schmidt rebound 
hammer reading using ANFIS method. Comput Concr, 21(5), 525-530.

Vergara, L., et al. (2001). NDE ultrasonic methods to characterise the porosity of 
mortar. NDT & e International, 34(8), 557-562.

Weed, R. M. (1974). Recommended depth of cover for bridge deck steel.
Transportation Research Record(500).

Wyant, D. C. (2002). Assessment and rehabilitation o f existing culverts (Vol. 303): 
Transportation Research Board.

64



Yuan, L., & Ansari, F. (1998). Embedded white light interferometer fibre optic strain 
sensor for monitoring crack-tip opening in concrete beams. Measurement 
Science and Technology, 9(2), 261.

65




