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—237—
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LITS (Rwi, olow) = 3.4* dloy LITS (Rwi, 0.3)

LITS (Rwi, 6/0v=0.3) = -785X Ryf43X 106 [Rwi= Rwd

LITS (Rwi, 0/0b=0.3) = (-785X Ruw43 - 560X(Ruwi - Bwo) 239)x10°6 [ Ryi> R
BREFNAOFEEIL, K L~UL 0.3 O EERGE RIS L Tl —E LT,

4 55
AWFTRITINT, SATRFEVOT L, KITOEFE LD b A 2 MK ORLAKL I
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SYNOPSIS

An Experimental Study on Influence of Water on Load Induced Thermal Strain of
Concrete at Elevated Temperatures in Fire Conditions

Heisuke Yamashita

1. Introduction and Purpose

When a concrete specimen is heated under sustained load, great shrinkage occurs to
compensate the thermal expansion. Therefore, in deformation analysis of RC structures
in fire, considering this shrinkage defined as ‘load-induced thermal strain (LITS) by
Khoury is needed. In the constitutive models of strains of concrete at high temperature
for deformation analysis, LITS is generally formulated in terms of concrete temperature.
Meanwhile, it is difficult to apply the model based on the temperature to the concrete
with different water conditions (.e. curing conditions and W/C), because the
relationship between LITS and the temperature is influenced by water in the concrete.
On the other hands, the relationship of LITS with dehydration and decomposition of the
cement hydrate would be comprehensive and it includes the influence of water, because
LITS occurs with physical and chemical reactions in the cement hydrate during heating.
The dehydration and decomposition in the cement hydrate are able to be quantified
with weight loss of the concrete specimen in high temperature. But the relationship
between LITS and the weight loss of the specimen has not been considered in the
previous study except the results obtained from TGA (Sabeur (2008)). In this study, the
influence of curing conditions and water cement ratios on LITS is discussed on the basis
of results obtained from transient tests for measuring the total thermal strain of
concrete specimens. And, the relationship with weight loss of the specimens is
considered to propose the comprehensive model of LITS to appreciate it for concrete

with different water conditions.

2. Outline of Tests

The test parameters are concrete specimen’s water cement ratios (40%, 50%, 65%) and
curing conditions (oven-dry, air-dry, sealed curing). The water contents (Zwo) of the
oven-dried, air-dried and sealed specimens were approximately 0%, 2.7% and 6.1%,
respectively. In the transient tests for measuring total thermal strain, specimens were
heated at a constant rate of 1.5°C/min up to 800°C under a sustained load o. LITS were
calculated by subtracting the values of the thermal expansion from the total thermal

strain measured from the transient tests. The weight loss of the specimen was obtained

—239—



from no-loading transient tests using the same heating rate with the tests for the total
thermal strain. The weight loss is expressed as the percentage (Bw) of the weight loss

and the initial weight.

3. Results of Tests and Considerations

The influence of water evaporation on LITS of concrete was evident between 100°C and
200°C. LITS were greater for the sealed specimens than for the air-dried specimens
above 200°C. The lower the water cement ratio of the specimens was, the greater the
LITS were above 200°C. LITS was increased linearly with the applied load regardless of
the curing conditions and water cement ratios. From the relationship between LITS and
the weight loss, it is clarified that the main factor of LITS was not the water
evaporation but the dehydration and decomposition of the cement hydrate.
Furthermore, as the relationships of them converage on one relationship regardless of
the specimen’s water conditions, it is clarified that the relationship with the weight loss
becomes to be comprehensive relationship including the influence of the water in
concrete. The relationship between LITS and the weight loss is able to be formulated
with the following numerical model from the results of the tests.

LITS (Rwi, olow) = 3.4* dloy LITS (Rwi, 0.3)

LITS (Rui, 0l0b=0.3) = -785X Ru 43X 106 [Ru= Rud

LITS (Rwi, 0/0v=0.3) = (-785X Bw043 - 560X (Rui - Ruwe) 2:39)%10°6 [ Bws> Rivcl

The calculated values obtained from these numerical models indicate reasonable

agreement with the experimental values.

4. Conclusions

In this study, it is clarified that the LITS is influenced by the dehydration and
decomposition of the cement hydrate much more than the water evaporation. And, the
comprehensive numerical model is proposed on the basis of the relationship with the

weight loss of the specimens.
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