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Abstract: In this paper, the research results of mechanical property and durability of high-strength
concrete subjected to high temperature were comprehensively reviewed, the research status of
mechanical property and durability of high-strength concrete at elevated temperature were discussed,
and existing problems were analysed, finally, main research directions of mechanical property and
durability of high-strength concrete subjected to high temperature were forecasted.

1. Introduction

With the development of building technology, high-strength concrete is more and more used in all
kinds of projects. Compared with ordinary concrete high strength concrete has many advantages such
as high strength, low permeability and good durability. Using the high-strength concrete in the
construction can not only reduce the size of the building but also improve the life of the building and
reduce the costs of maintenance and repair, it can adapt to the development directions of modern
engineering to large span, tall, heavy, But also to meet the needs of resisting the harsh environmental
conditions™®). However, with the development of e experimental research in recent years, people
gradually realize that the high strength concrete is sometimes worse than the performance of ordinary
concrete. Especially after high temperature the high strength concrete had serious degradation. Due to
the high density and low permeability, the mechanical properties of high strength concrete are
attenuated, and often accompanied by the burst phenomenon after high temperature. This will have a
greater impact on the reliability of concrete structurest’ %, Therefore, the study of mechanical
property and durability of high-strength concrete after high temperature will have great theoretical
significance and practical value.

2. Research Status of Mechanical Properties of High Strength Concrete after High
Temperature

Domestic and foreign research on high temperature mechanical properties of high-strength concrete
has been more fruitful. Castillo™ studied the mechanical properties of high strength concrete after
high temperature with preloading or not, the results showed that: no matter whether or not the pre
load, with the increase of temperature, high strength concrete strength decreased, the peak strain
increased. The heating temperature is 100, 300°C, the rate of strength loss were 15%, 20%, the loss of
strength increases with the increase of the concrete grade. Poon ™ the studied the mechanical
properties of different content of steel fiber concrete after high temperature by static load test, and
found that steel fiber can significantly improve the residual compressive strength of high strength
concrete after high temperature. When the dosage of steel fiber volume fraction is 1%, The
compressive strength of steel fiber high strength concrete after 600°C high temperature is 50% of
compressive strength of high strength concrete at room temperature. When the heating temperature
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reached 800°C, the residual compressive strength is 30% of compressive strength of high strength
concrete at room temperature. After 600°C, the compressive strength of high strength concrete
without steel fiber is 45% of compressive strength of high strength concrete at room temperature, and
the compressive strength of high strength concrete after 800°Cis 23% of compressive strength at
room temperature. Behnood™ studied the mechanical properties of high temperature concrete mixed
with silica fume after high temperature. The results show that When the heating temperature is 600°C
the compressive strength of high strength concrete with 6% and 10% silica fume content decrease of
6.7% and 14.1% that at room temperature. When the heating temperature is 100 ‘C and 200 °C the
content of silica fume has no effect on the residual compressive strength of concrete.

Guo ™4 think when heated at the temperature above 600°C, high strength concrete strength will
be greatly decreased, because the Ca (OH) 2 Ca (OH) 2 dehydrates into free CaO upon heating, And
if CaO contact with water vapor after cooling will be a chemical change to Ca (OH),. In this process,
the volume swell lead to the internal stress inside the concrete and make concrete damage. Li Min
Qian Chunxiang et al. ™ studied the effects of fire temperature, strength grade and specimen size on
the mechanical properties of high strength concrete after high temperature. The results show that the
compressive strength is affected by the heating rate obviously. When the heating rate is large the
surface and internal temperature gradient of high strength concrete are obvious and the thermal stress
is large which leads to the decrease of concrete strength and the degree of deterioration is larger than
that of ordinary concrete. In addition the u strength of the large-size concrete block after the fire is
less than the small size of the loss. Because there is a temperature field inside the concrete. The
internal temperature of the specimen is lower than that of the external fire surface. Therefore the
temperature inside the large size specimen is smaller than that of the small size, and resulting in less
loss of strength. ZHAO Dongfu LIU Mei ™" carried out uniaxial compression tests on
high-strength concrete with heating temperature of 100-900 ‘C and constant temperature time of
0.5-3h, and given variation law of residual strength of high strength concrete with different high
temperature. In addition, using SEM, X-ray XRD, mercury pressure measurement ultrasonic and
microhardness testing to analyze the physical and chemical changes of the high-strength concrete
after the different high temperature. The relationship between the temperature history and the
microstructure evolution of high strength concrete was established. Wu Bo™® studied C70 and C85
two high-strength concrete mechanical properties after high temperature. The results show that the
strength and elastic modulus of high strength concrete decrease gradually with the increase of
temperature and the peak strain gradually increases. And through the regression analysis the
corresponding regression formula is given. Song Yupu and He Zhenjun!**?% studied the multi-axial
mechanical properties of high-strength concrete after high temperature. The results show that the
biaxial compressive strength of high - strength concrete is higher than that of single - axial
compressive strength in the same temperature grade. The improvement ratio depends on the stress
ratio and the brittleness of concrete after high temperature.

Combining with the above research results it has been found that the research on the mechanical
properties of high strength concrete after high temperature has made some progress including the
residual strength deformation modulus and peak strain of high strength concrete. The fatigue
properties of high strength concrete after high temperature have not been reported.

3. Research Status of Durability of High Strength Concrete after High Temperature

At present the research on the durability of high-strength concrete at high temperature is still in the
initial stage. The research mainly focuses on the permeability of high-strength concrete after high
temperature. However there is a little research on the measures to improve the durability after high
temperature concrete and the durability life evaluation of high strength concrete structure after fire.
Noumowe A.N et al.?! conducted high temperature and permeability tests on ordinary high strength
concrete and 2 Kg polypropylene fiber reinforced high strength concrete. The results show that: the
two kinds of high strength concrete have obviously improved on chloride ion permeability after high
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temperature. Poon CS ?2% studied the permeability of HSC which mix of silica fume, blast furnace

slag and volcano ash which been heated to 600°C and constant temperature 1hour. The results show
that; the chloride ion permeability coefficient of all kinds of concrete has obvious rise. Yan XY use
two different heating mechanisms to heat the dolomite aggregate and pebble aggregate high strength
concrete, and carried out chloride ion permeability test. The experimental results show that the
heating mechanisms has a great influence on the high strength concrete of pebble aggregate but has
no effect on the chloride ion permeability of dolomite aggregate high temperature concrete after high
temperature. Zhang Yi,Jin Weiliang %> test the chloride ion permeability of C50 C70 high strength
concrete after high temperature. The results show that the permeability of concrete is affected by
temperature and the concrete with different strength grades is resistant to chloride ion after high
temperature. Li Min Qian Chunxiang™®"? studied the permeability of basalt aggregate high strength
concrete and limestone aggregate high strength concrete after high temperature by chloride ion
permeability coefficient, wet migration permeability coefficient and air permeability coefficient
respectively. The permeability of high strength concrete after high temperature has a more substantial
increase than normal temperature. And the three coefficients can be a good response to the changes
of permeability of high-strength concrete after the high temperature. And the relationship between
the three coefficients is established according to the experimental data. Zhou Peng ¥ studied the
effect of different thickness of the fire retardant coating to C80 concrete after high temperature. The
results show that the fireproof coating can effectively reduce the chloride ion permeability of
concrete after fire thus effectively improving the durability of high strength concrete.

4. Conclusions

This paper summarizes the research results on the mechanical properties and durability of high
concrete after high temperature at home and abroad in recent years, and analyzes the present situation.
Among them the current stage of high temperature concrete for high temperature research there are
the following questions:

(1) At home and abroad the research on the mechanical properties of high-strength concrete after high
temperature is mainly focused on the residual strength elastic modulus and stress-strain curve and the
fatigue performance of high-strength concrete after high temperature has not been reported.

(2) The research on the durability of high-strength concrete after high temperature is mainly focused
on the influence of high temperature on the permeability of various high-strength concrete but the
relationship between high-temperature concrete permeability and residual life has not been
systematically studied. At the same time the research on the measures to improve the durability of
high-strength concrete after high temperature is rarely reported.

(3) For research of high-strength concrete after high temperature the selected temperature condition is
not complete which is not conducive to assessment of the bearing capacity and durability of
high-strength concrete structures after fire.
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