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Application of Quick Hardening Concrete to New PLS Method
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Summary
The New PLS (Pre-Lining Support) Method is one of pre-lining methods in which slit concrete elements (pre-
lining) surrounding a tunnel is built ahead of the cutting-face to act as a support prior to tunnel excavation.
Following performance is required for the slit concrete used in the New PLS Method:
1. The slit concrete shall be uniformly filled up and not segregated inside the slit excavated by a chain-cutter.
2. At the time moving forms are removed along excavation, the exposed surface of the slit concrete should
not collapse.
3. The slit concrete should have enough strength to act as a support against the earth pressure during
excavation.
In order to satisfy all these requirements, three kinds of special admixture, i.e. quick hardening additive, set
control agent, and quick setting admixture, are used in the present New PLS Method.

For promoting extensive application of the New PLS Method, following three subjects were mainly studied in
this research.

1. Establish the mix design method of the quick hardening concrete for the use in the New PLS Method.

2. Establish a quality control method at the site.

3. Improve the performance of the quick hardening concrete itself.

From the research results, following points were made cleared:

1. Based on the mixing proportion selection test flow of the slit concrete, a specified mixture (20°C) can be
selected. Moreover, a mixing proportion adjustment method for the slit concrete ensuring the specified
quality was established by verifying the amount of special kind of admixture according to concrete
temperature (5°C, 10°C, 25°C, 30°C).

2. The facility, technique and quality control method required for the manufacturing of the quick hardening
concrete in the New PLS Method are clarified.

3. From the mixing proportion selection tests and a trial construction it is cleared that the steel fiber
reinforced slit concrete obtained by adding steel fiber at 0.75 volume% is potentially applicable for large
section tunnels and so on.

4. In the case of using quick hardening additive with replacement ratio of 30%, the concrete can gain high
strength of 15 N/mm?2 at 6-hour aging and 25 N/mm?2 at 1-day aging. Furthermore, if high-range water-
reducing admixture is used in a mixture of the same water content, high strength up to 35-45 N/mm? can
be attained due to small water-cementitious material ratio. Therefore, the application effect of high-range
water-reducing admixture was clarified.
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