Application of Thermal Stress Device for Measuring Thermal Stresses
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ABSTRACT
As well known, crack in concrete structures is one of the most important and difficult
work to be predicted. In particular, crack in mass concrete structures at early age
induced by hydration heat is more difficult to be predicted because there are lots of
uncertainties such as mechanical and thermal properties which change with time.
In this study, two approaches to predicting thermal stresses by using the developed
device are suggested to improve the accuracy of the prediction of crack in mass
concrete structures. First approach is to predict the thermal stresses by comparing the
degree of restraints between thermal stress device and structures which is valid only for
structures with strong external restraints. Another approach is to predict the thermal
stresses by using properties of concrete at early age estimated by comparing the stress
results between experiments and analysis.
The results of first approach has quite similar with stresses in mass concrete
structures and properties of concrete estimated by second approach has reasonable
values for concrete.

1. INTRODUCTION
Many researchers have carried out investigations for the prediction of thermal
stresses in mass concrete structures. Two approaches to predicting thermal stresses
have been chosen. First, thermal analysis in concrete structures have been developed
based on finite element method and widely used in recent years. Second, the device for
measuring thermal stresses have been developed.
However, with regard to thermal analysis, the accuracy of the results depends on
concrete properties, such as elastic modulus, thermal expansion coefficient and others
and with regard to the device for measuring thermal stresses, the device can only
simulate thermal stresses and there is no application method in real structures.
In this study, two approaches are suggested to solve the limitation of the prediction
of thermal stresses. First approach is to predict the thermal stresses by comparing the
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degree of restraints between thermal stress device and structures. In order to use this
approach, the degree of restraints should be determined which is elastic strain in this
study. Another approach is to predict the thermal stresses by using properties of
concrete at early age estimated by comparing the stress results between experiments
and analysis.

2. EXPERIMENTS
The concept and shape of the device for measuring thermal stresses are shown in
Fig. 1 and Fig. 2[1]. The device can simulate the amount of restraint using different
thickness of constraint materials.

(a) Prescribed condition

(b) Internal (interior) and external restraint

(c) Temperature of concrete
(d) Internal restraint (surface)
Fig. 1 Concept of the experimental device [1]

Fig. 2 Shape and dimensions of the experimental device [1]

Experiment was performed using the device. Used mix proportion and the results
of the experiment are shown in Table 1 and Fig. 3 respectively.
Table 1 Mix proportion of concrete
Unit (kg/m3)

W/C

S/a
(%)

W

C

FA

G

S

0.4

42

185

375

94

961

692

Admixture
AE
WR
HWR
0.0844 0.756
2.55

Fig. 3 Thermal stresses from the experiment

3. PREDICTION OF THERMAL STRESSES COMPARING THE DEGREE OF
RESTRAINTS
As thermal stresses in concrete structures are influenced by mechanical and
thermal properties of concrete and the degree of restraints, thermal stresses must be
predicted considering mechanical and thermal properties of concrete and the degree of
restraints.
As the device is able to simulate thermal stresses considering mechanical and
thermal properties of concrete and the degree of restraints by using same materials,
same curing condition and three different thickness of constraint bars, thermal stresses
in concrete structures can be predicted by comparing the degree of restraints between
the device and concrete structures as shown in Fig. 4.
Fig. 5 shows the relation between thermal stresses from the experiment and the
degree of restraints which is elastic strain from analysis in this study. As thermal
stresses and elastic strain has almost linear relation, 1st order equation was used for

regression analysis. In this study, age of 1, 2, 3 and 14 day, when maximum thermal
stresses occur, are considered.
Thermal stresses in the structure predicted by using Fig. 5 and Table 2, which is
elastic strain of the structure, are shown in Table 3.

Fig. 4 Prediction of thermal stresses comparing the degree of restraints[2]

4. ESTIMATION OF CONCRETE PROPERTIES AT EARLY AGE
It is difficult to predict thermal stresses by numerical analysis because there are lots
of uncertainties such as mechanical and thermal properties which change with time.
Therefore, properties of concrete should be estimated appropriately considering mix
proportion, materials, curing condition to improve the accuracy of numerical analysis.
In this study, the method for the estimation of properties of concrete is suggested
using the device. As shown in Fig. 6, properties of concrete can be estimated by
comparing the stress results between experiments and analysis when each step of the
analysis has the best values of properties of concrete, such as thermal expansion
coefficient, final autogenous shrinkage and final creep coefficient, which result in similar
stress results between analysis and experiments.
4.1 analysis program
Hydration heat analysis program, which is developed based on CONSA/HS
developed in KAIST concrete lab., and regression program based on LevengergMarquardt method are united to compare the stress results between the experiments
and analysis.

(a) 1 day

(b) 2 day

(c) 3 day

(d) 14 day

Fig. 5 Relation between thermal stresses and the degree of restraints

Table 2 Degree of restraints of the structures (elastic strain)
Age (d)
1
2
3
-6
Elastic strain (X10 )
222
239
196

14
14

Table 3 Thermal stresses from comparison of the degree of restraints
Age (d)
1
2
3
14
Stress (MPa)
-3.37
-3.77
-2.92
0.91

Fig. 6 Estimation of properties of concrete
4.2 Estimated properties of concrete
Properties of concrete are estimated by using above mentioned method. As shown
in Fig. 7 there are 6 thermal stress results in each step. The results are shown in Fig 8.
Final creep coefficient and final autogenous shrinkage are estimated using ACI model
and B3 model respectively. [3], [4]
With respect to thermal expansion coefficient and final creep coefficient they
changes rapidly at early age and then converge to constant value of 9.8 ⅹ10-6/℃ and
2.5 respectively. However, Final autogenous shrinkage is almost constant.

Fig. 7 Compared stresses in each step

(a) Thermal expansion coefficient

(b) Final creep coefficient

(c) Final autogenous shrinkage
(d) Modeling of thermal stress device
Fig. 8 Estimated concrete properties and modeling of the device

5. CONCLUSIONS
With regard to comparison of the degree of restraints, the approach is simple and
convenient. However, there is limitation that the approach should be applied for strong
external restraints. For second approach it estimates properties of concrete reasonably
and it is helpful to improve the accuracy of analysis. However, although estimated
properties of concrete is quite similar to existing research, they should be verified
through various experiments.
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