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‘Thermal Stress-Dependént Dilatation of Concrete

by

P. A. Pféiffer and A. H. Marchertas

Recent studies in nuclear fast reactor safety consider the possibility of
concrete containment being subjected to extremely severe environmental
condifions. Certain safety scenarios subject the concrete to very high
tempefatures hence rgisihg the concern of containment integrity. Some of the
main detrjmenta] effects of high temperature on concrete are: reduction of
strength, redistribution of moisture and etc. Consequently, analytical
prediction of concrete response under the high temperature conditions becomes
very cqmp]ex. |

A rather simple but important experiment of concrete at high temperatures
was conducted by Anderberg and The]anderssonl. The test samples were small so
that moisture was free to evaporate with no appreciable gradient as the
'temperature increased. Their results revealed that good correlation with
analysis could be obtained if thermal expansion w»s made a function of both
‘temperature and stress.

The method of relating the thermal strain to temperature and stress has
been integrated into the TEMP-STRESS? code, Thﬁs, high temperature concrete
. coﬁpufatipna] capability is now available for thermal-stress calculations.

| An analytical illustration of the effect of high temperature is made for
an-axisymmetric cylinder, the test.results of which have been described in
Refs. 1 and 3., These test results pertain to a 75 mm diameter, 150 mm long

cylindrical specimen, which is compressed axially at the ends and its external



cylindrical surface is being heéted by the tehperature history given in Fig.
1. The concrefe specimen sfress-strain data, ranging from room temperature
through 770°C, are displayed in Fig. 2. | |

The structural ca]cu]étions were carried out for varyihg axial loads of
0.0%, 22.5%, 35%, 45% and €7.3% of fc, where fo is the compressive strength of
the concrete at ambient temperature. The thermal strain was taken as

ETH = a AT,

and

where epy is the thermal strain, AT is the temperature change, a; is the
conventional cogfficient of thermal'e§pansion, as is the stress-dependent
thermal strain.;ﬁefficient of expansion and o is the stress. Analytical
results are computed for the values of a; = 9.2 x 10767°C and

fo = 43 MPa; @y = 0 in Fig. 3a and a, = 2.35 in Fig. 3b.

The results of Fig. 3 indicate that for the conventional thermal stress
cal;ulations (u2 = 0), the experimental results can not be matched, except for
the case of zero axial load. For the value of ay = 2,35 the experimental
results can be predicted quite well for all load levels. It is seen that
thermal strain based on temperature and stress are important in the response
of this experiment. .

 The response of concrete which is subjected to high temperature can be
modeled successfully if an additional thermal strain (proportional to stress)
~ is added. This approach is convenient to model concrete behavior at high

temperatures, where moisture effec?s need not be taken into account.
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Fig. 1. Temperature History of the Specimen Surface
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. Fig. 2. Stress-Strain Behavior of Concrete at High Temperatures
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_ Fig. 3. Deformation at Different Levels of Compressive Stress




