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Influence of Autogenous Shrinkage Strain on Control of Thermal Cracking

in Concrete Gravity Dams

Hideaki Sato

Summary

In recent years, thermal crack control for concrete structures has generally been carried out on
the hasis of volume change of cohcrete due to hydration heat and autogenous shrinkage. In design
and execution of concrete dams, however, the effect of autogenous shrinkage of concrete is not taken
into account, since there are few existing researches and experimental data in Japan and the other
countries.

In this thesis, new techniques of reduction of temperature rise due to cement hydration were
developed; a method for numerical simulation of effect of pipe-cooling and a new pre-cooling technique
by vaporization of aggregate. A prediction model for autogenous shrinkage strain of dam concrete
with different types of cement and with various water-binder ratio was proposed on the basis of
experiments which were conducted according to the proposed test method. Furthermore, three
dimensional FEM thermal stress analyses were carried out on a concrete gravity dam taking
consideration of thermal strain due to hydration heat and autogenous shrinkage strain and effect of
each strain on thermal stress was estimated. From the experimental results and thermal stress
analysis, it was proved that autogenous shrinkage can be a cause of thermal cracking in concrete
dams.

This thesis consists of eight chapters as follows.

In chapter 1, the background, the purpose and the contents of this thesis are shown.

In chapter 2, the feature and the mechanism of thermal cracking in concrete gravity dams are
summarized and existing technologies of thermal crack control are discussed.

In chapter 3, new techniques for controlling concrete temperature increase due to hydration heat
were proposed. As for pipe-cooling technique, a numerical simulation technique by three-dimensional
FEM and two-dimensional simple model were proposed and their applicabilities were demonstrated

by comparison with observed temperature in real structures. A new pre-cooling technique by



vaporization of aggregate was developed and the effect was confirmed in execution of a real concrete
dam.

In chapter 4, the mechanism and general test method of autogenous shrinkage of concrete are
summarized. The property of autogenous shrinkage of dam concrete was made clear by observations
of autogenous shrinkage of sieved concrete at several dam construction sites.

In chapter 5, a new test method for measurement of autogenous shrinkage of dam concrete with
full-sized aggregate up to 150 mm using large cylindrical specimens was proposed and its
applicability was confirmed by comparison with a conventional test method. And an embedded strain
gauge, which can be applied to dam concrete with fullsized aggregate, was developed and its
precision was confirmed. Then the properties of autogenous shrinkage of dam concrete with various
tvpes of cement were made clarified on the basis of experiments on concrete with full-sized
aggregate using the large specimens,

In chapter 6, a prediction method of autogenous shrinkage of dam concrete with full-sized
aggregate based on the experiments with small specimens made of sieved concrete was proposed
and its precision was confirmed. And the design values of autogenous shrinkage strain to be used
for thermal stress analysis were proposed and its applicability to four types of cement, which are
generally used for dams, was shown.

In chapter 7, the conventional techniques for thermal crack control in concrete dams were
summarized, and problems in crack confrol on execution stage were discussed. Based on these
discussions, three dimensional FEM thermal stress analyses were conducted on a middle sized
concrete gravity dam and the effect of autogenous shrinkage on thermal stress was quantitatively
investigated.

In chapter 8, the findings in this study were summarized and the prospects and the problems in

the future were suggested.
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