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Study on Solidification Characteristics of Urethane Grout for Ground Improvement
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Summary

In mountain tunneling construction, execution in soft grounds and at the tunnel portal part usually requires
various auxiliary methods for stabilizing the face. Especially for stabilizing the tunnel face and crown, among
auxiliary methods forepoling with urethane-line grouting, being easy to handle, and moreover, being able to
perform restricted grouting, is considered one of the most effective construction methods.

Regardless that forepoling with urethane-line grouting has been employed in numerous actual construction
works on actual grounds, however solidification characteristics of urethane-line grouts need to be investigated
comprehensively since their special properties to expand like foam and solidify after being injected to the
grounds are distinguished from other grouts such as cement milk line or water-glass line. Furthermore, since
unit price of urethane-line grouts is too high compared to other grout materials, understanding their
solidification characteristics is also necessary for rational design and construction.

In this study, for the purpose of effectively prediction in rational design and construction of forepoling with
urethane-line grouting, solidification characteristics of urethane-line grouts have been clarified through
laboratory and site experiments. Beside that, among urethane-line grouts, a material named silica resin grout,
which secures all effective properties but relatively cheap in price, was under process of development. Its basic
properties are also concluded. This paper reports related results of the study.

Chapter 1: Introduction

Existing state of applications and purposes of urethane-line grouts, the reality of employing forepoling with
urethane-line grouting as construction method in mountain tunneling, as well as the solidification
characteristics of urethane-line grouts are stated. Problems for studying are recommended.

Chapter 2: Urethane-line grouting specifications and actual applications

For the purpose of utilization of forepoling with urethane-line grouts as an auxiliary method in mountain
tunneling, specifications, construction method and application conditions are reviewed and reported to
emphasize the significance of this study.

Chapter 3: Urethane-line grout development and its basic properties

Development situation and basic properties of a material, named as silica resin, which can secure all the basic
characteristics of common used urethane-line grouts, but relatively cheap in price, is reported. It is compared
with the so far used urethane-line grouts by referring to safety, constructiveness, ground improving capability
and economical... Especially, the property of self-foaming (self-expanding) after injection of the new developed
grout, which makes it differed from other grouting materials, has been confirmed.

Chapter 4: Examination of urethane system grout solidification characteristics by laboratory experiments

Actually, it was confirmed from laboratory experiments that after mixing the urethane-line grout is a
homogeneous liquidity viscous material, which enlarged in volume. Three representative types of model grounds

made of gravels, decomposed granite soil (masado), and mountain soil, respectively, are subjected to injection of
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urethane-line grouts to investigate their solidification characteristics. Based on that, typical solidified shapes
are classified according to model ground’s characteristics.

Beside that, effects from grouting method, such as increasing injected grout quantity to the process of
formation of improved solidified bodies, or injection speed to the shape of the solidified bodies are also
investigated by examining the inner structures of the grouting improved bodies.

Estimation of characteristics of the grouting improved ground in accordance with its solidified shapes is
suggested step by step as following: use No.3 to No.8 sands for creating representative model grounds and
subject them to grouting injection; then establish the dependency of solidified characteristics on variation of
coefficient of permeability of model grounds. Based on that, when the coefficient of permeability of actual soil
subjected for grouting improvement is known, prediction of expected solidified shapes becomes possible.

Next, about the special property as self-foaming (self expanding), the magnitude of the self-foaming pressure
after injection of urethane-line grout onto the ground, which is so far not yet clearly understood, is thoroughly
examined and clarified in this study.

Chapter 5: Examination of urethane-line grout solidification characteristics by site experiments

To clarify whether or not solidification characteristics of urethane-line grouts obtained at the site with actual
grounds are similar to that understood from the laboratory experiments, a cut-slope in heavily weathered
ground is selected to conduct site grouting treatment experiments with several types of grouts: urethane-line
grout, common used cement-milk grout, and LW (Labiles Wasser Glass) grout. Processes of formation of
solidified bodies from injection of different grouts are examined. Beside that, solidification characteristics of
urethane-line grouts are also investigated from other experiments simultaneously conducted on decomposed
granite soil (masado). From the results, classified solidified shapes of grouting improved bodies (already defined
from laboratory experiments) and solidification characteristics of each actual ground condition have been
clarified.

On the other hands, site experiments are also performed on 7 soil types at 12 locations in order to clarify the
improvement solidification characteristics. Different solidified shapes of grouting improved bodies in accordance
with differences in coefficient of permeability of the grounds are also confirmed similar to that obtained from
laboratory experiments.

Chapter 6: Urethane system grout solidification characteristics on difficult permeable ground

Since in case of actual ground deposit encountering multi-layer soils, site grouting experiments are
exceptionally difficult to perform, therefore, a multi-layer model ground has been created from gravels,
decomposed granite soil (masado) and clay to investigate the improvement solidification characteristics of
grouting improved bodies in multi-layer soils.

Chapter 7: Conclusions
In conclusions, the research results are summarized in accordance to the topics in each chapter, and research

subjects related to the field of utilization of urethane-line grouts are reported.
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