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Quantitative Evaluation and a Reducing Method of Bugholes

ki
L S 8 H on Lining Concrete of NATM Tunnels

K 4 Tomoyuki MAEDA

Aesthetics of concrete structures have been required as well as durability. This study focuses on bughole
which affects concrete surface quality. Bugholes often remain on concrete surface of sidewall of tunnel
lining even in an appropriate construction. Note is that an appropriate method for reducing bugholes is
not established even now. To improve surface quality of tunnel lining concrete, this study aimed at
quantitative evaluation of bughole, examined characteristics of bughole generated during construction,
and proposed a reducing method of bughole. In addition, the study conducted a gas permeability test to
evaluate the effect of bughole quantitatively.

The thesis consists of seven chapters. Contents of each chapter are described below:

Chapter 1 presents the research background and the purpose of this study. This chapter shows importance
of aesthetic for concrete construction, and presents the concern of bugholes of sidewall of tunnel lining
concrete. The foci of this study are described and the contents of this thesis are summarized in this
chapter.

Chapter 2 presents the review of previous studies dealing with aesthetics of concrete, including
quantitative evaluation methods for concrete bugholes.

Chapter 3 shows the fundamental test of bugholes distributed on concrete surface made with variable
angle form. The results revealed the effect of concrete angle on bugholes. It was observed that quantity
and size of bugholes increase at 30 degrees of concrete angle. The variations in the experimental
investigation were remover type, time of vibrating consolidation, and form materials. Longer vibrating
consolidation can decrease bugholes, but cannot reduce bugholes completely. It was observed that air and
water in concrete, source of bugholes, were continuously appeared during vibration. Also, the observation
showed that small bugholes (diameter of 5 mm or lower) combined and became a large bughole (diameter
of 10 mm or greater). The fundamental test confirms that large bugholes easily move up during vibration.
In addition, the observation shows the significant effect of form materials and little influence of remover
type on the bugholes.




Chapter 4 presents the detailed investigation of generating process of bugholes during the vibrating
consolidation. For the detailed observation of bugholes, a new detecting system using colored images was
developed in this study. The system was firstly used in the observation of bugholes during vibrating
consolidation. The result confirmed that the developed system has higher accuracy for bughole detection
than conventional methods. The primary observation is that relatively small bugholes (diameter of 5 mm
or smaller) remained on concrete surface while large bugholes disappeared by vibrating consolidation.
The area-ratio of bughole increased after long-term vibration although the ratio was temporarily
decreased by vibrating consolidation. The observation confirms that bugholes continuously appeared
during vibration and small bugholes move slowly up. It was confirmed that the developed system enables
the detailed observation and quantitative evaluation of bugholes generation during the vibration
consolidation.

Chapter 5 presents the experimental investigation on reducing bugholes. The study uses a concrete form
simulating tunnel sidewall of negative angle and various sheets covering the form. The sheets used in the
test are water and/or gas-permeable type which can discharge air from inside of concrete. The primary
parameters in the comparative test are water-pressure resistance and air-permeability of the covering
sheet. The results revealed the gas-permeable and waterproofing material sheet contributes to decrease
color-irregularity as well as reduction of bugholes. It should be noted that the covering sheet having the
gas-permeability of 10sec/100cc or higher and the water pressure-resistance of 100kPa or higher cannot
decrease bugholes and color-irregularity.

Chapter 6 shows the relation between the bugholes and the gas-permeability of concrete. The focus of the
experimental investigation was to examine durability of concrete having bugholes. The gas-permeability
of test specimens and actual lining concrete were examined. It was confirmed that the gas permeability of
concrete increases in accordance with the bughole area ratio. In particular, the tendency was remarkable

under the area-ratio of 2 %.

Chapter 7 presents the conclusions of this study and describes the future research at the end of the thesis.
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