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Bugholes on concrete surface are generally considered as an aesthetic problem. The construction
quality of concrete is firstly assessed by surveying the surface appearance. The existence of bughole degrades the
surface qualities. Surface bugholes are regarded as an imperfection. An additional surface finishing may increase
the construction cost and delays the construction project. In addition, the bughole problems also result in the
conflicts of constructors and owners since there is a lack of criteria for numbers and areas of surface bugholes.

Surface bugholes can be mitigated but never eliminated. Surface bugholes often appear on the
sidewalls of a tunnel’s lining concrete because of the tilting concreting form. The surface bughole could make
protentional durability problems, but researchers and constructors commonly ignored it. At the current research,
however, the impact of surface bugholes on concrete durability is still unidentified. In coid regions, the lining
concrete of a road tunnel is exposed to deicer solutions splashed by traffic, and it is additionally exposed to
freeze-thaw (F-T) cycles.

Surface deteriorations such as scaling on concrete happen due to environmental factors such as frost
damage and chemical corrosion. Such surface deteriorations in the F-T test are generally quantified by weight
loss and/or decrease of dynamic modulus of elasticity. However, it is difficult to examine these properties of
huge concrete blocks such as tunnel lining sidewalls. It is hard to quantify local scaling accurately because the
current visual inspection methods are based on the slight loss of concrete surface subjected to the scaling, Image
analysis has been developed to assess the deterioration of concrete surfaces accurately and efficiently.

Chapter 1 is the introductory chapter of the research work highlighting the bughole problem on
concrete surface. The research motivation and scope of the present work have been discussed in detail. In
addition, this chapter also includes the layout of the documented work.

Chapter 2 reviews the literature and provides in detail about the surface bugholes, detecting methods of
bugholes, F-T damage on concrete, and surface treatments. In addition, this chapter summarizes the literature
review and discuss the implications of the literature for the study.

Chapter 3 presents the application of colored image analysis for quantifying the local scaling, as well
as the influence of surface holes on local scaling. This chapter conducted an F-T test on mortar specimens with
artificial surface holes. The local scaling was quantified by the image analysis based on RGB values in the
colored photograph. The results indicate that the image analysis is valid to detect and quantify the area of
scaling, including invisible micro-scaling. It was concluded that surface holes negatively affect the scaling of
concrete. The surface scaling increases by the initial surface bughole area-ratio. A degradation grade scale based
on the area-ratio, including surface holes, is proposed for evaluating local scaling appropriately.

Chapter 4 focuses on the durability of F-T cycles of tunnel lining concrete with surface bugholes. For
the objectives, the study was carried out on a laboratory-scale F-T test using large concrete blocks. Image
analysis was performed to detect and quantify the deterioration of the concrete surface throughout the F-T cycles.
Although severe scaling never occurred during the 300 F-T cycles, the concrete with bugholes indicated a
significant local scaling at the edges of the bugholes. Some bugholes enlarged, and some merged with existing
bugholes, in accordance with such local scaling, This chapter presents the synergetic and negative effects of
bugholes on the local scaling of tunnel lining concrete exposed to F-T cycles.

Chapter 5 focusses on the impact of surface bugholes on chloride penetration of concrete coated with
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different surface treatments. The chloride penetration of concrete is a crucial concern for reinforced concrete in
the saline environment. Although normally tunnel lining concrete is plain concrete, the portal of a tunnel is
embedded with reinforcement. Various surface treatments are widely used to protect concrete from
environmental corrosions. However, surface imperfections, such as bugholes and cracks, may degrade the
protective effect of treatment agents. In addition, bugholes’ existence may accelerate the process of ingression of
liquids and chlorides. Therefore, surface finishing and grinding are required before coating. This chapter was
carried on a chloride immersion test. Concrete specimens with different sizes of bugholes were coated with
different types of surface treatments. All specimens were immersed in the 3% sodium chloride solution for 100
days. The chloride penetration depth was determined by chromatography method using the 0.1 mol/L silver
nitrate solution, The test results show that the silane-based treatment agent has an excellent water-repellent effect
even on a concrete surface with bugholes. The penetration depth is increased by surface hole size when concrete
was uncoated or applied with a low water-repellent surface treatment. For concrete applied with high
water-repellent surface treatment, the influence of surface bugholes on chloride penetration is negligible.
Therefore, finishing or grinding due to surface bugholes is not a must request before coating.

Chapter 6 summarizes the thesis covered so far and concludes the findings in this thesis work. The chapter
gives a discussion of the limitations of the research and recommendations for future work.
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