From the SelectedWorks of Xiaohe Lu

2018

A Review on the Influence of High Temperature
on Mechanical Behavior of Cementitious
Composites
Xiaohe Lu
Cheng Xiao
Yue Ma

Available at: https://works.bepress.com/xiaohe-lu/1/

© 2018 IJSRST | Volume 4 | Issue 9 | Print ISSN : 2395-6011 | Online ISSN : 2395-602X
Themed Section: Science and Technology

A Review on the Influence of High Temperature on Mechanical
Behavior of Cementitious Composites
Xiaohe Lu1*, Cheng Xiao1, Yue Ma2
University of Technology Sydney, Ultimo NSW 2007, Australia

1

University of Newcastle, Callaghan NSW 2308, Australia

2

*Correspondence author: xhelu.frank@gmail.com
ABSTRACT
The influence of temperature on cementitious composites is essential in infrastructures because of the potential
hazards associated with fire. Fire response is dependent on the mechanical properties of cementitious
composites or concretes. These properties vary significantly with temperature and also depend on heating rate
and other environmental conditions. This paper discusses some important mechanical behavior related to high
temperature. The various properties that influence fire resistance performance, together with the role of these
properties on fire resistance, are discussed. The variation of mechanical properties with temperature for
different types of cementitious composites are presented.
Keywords : Cementitious Composites, High Temperature, Mechanical Behavior

I. INTRODUCTION

that is essentially inert and has low thermal
conductivity, high heat capacity, and slower strength

Cementitious composite is the most widely used

degradation with temperature. It is this slow rate of

material on earth. Concrete structural members when
used in buildings have to satisfy appropriate fire safety

heat transfer and strength loss that enables concrete to

requirements specified in building codes.This is

act as an effective fire shield not only between
adjacent spaces but also to protect itself from fire

because fire represents one of the most severe

damage [3-5]. The behaviour of a concrete structural

environmental conditions to which structures may be

member exposed to fire is dependent, in part, on

subjected; therefore, provision of appropriate fire
safety measures for structural members is an

thermal, mechanical, and deformation properties of

important aspect of building design.

measures to structural members are measured in terms

other materials the thermophysical, mechanical, and
deformation
properties
of
concrete
change

of fire resistance which is the duration during which a

substantially within the temperature range associated

structural member exhibits resistance with respect to

with building fires [6-8]. These properties vary as a

structural

function

integrity,

stability,

and

Fire safety

temperature

concrete of which the member is composed. Similar to

of

temperature

and

depend

on

the

transmission. Concrete generally provides the best fire

composition and characteristics of concrete [9]. The

resistance properties of any building material [1, 2].

strength of concrete has significant influence on its

This excellent fire resistance is due to concrete’s

properties at both room and high temperatures. The

constituent materials (i.e., cement and aggregates)

properties of high strength concrete (HSC) vary

which, when chemically combined, form a material

differently with temperature than those of normal
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strength concrete (NSC). This variation is more

where fire induced spalling occurs in a concrete

pronounced for mechanical properties, which are

structural member. Tensile strength of concrete is

affected by strength, moisture content, density,

dependent on almost same factors as compressive

heating rate, amount of silica fume, and porosity. In

strength of concrete.

practice, fire resistance of structural members used to

influences fire resistance is the modulus of elasticity of

be evaluated mainly through standard fire tests [10-

concrete which decreases with temperature. At high

12].

temperature, disintegration of hydrated cement

Another property that

products and breakage of bonds in the microstructure

II. INFLUENCE OF HIGH TEMPERATURE

of cement paste reduce elastic modulus and the extent
of

The mechanical properties that determine the fire

reduction

depends

on

moisture

loss,

high

temperature creep, and type of aggregate [18].

performance of RC members are compressive and
tensile strength, modulus of elasticity, and stress-

2.1. Spalling

strain response of constituent materials at elevated

In addition to thermal, mechanical, and deformation

temperatures [13]. Compressive strength of concrete

properties, another property that has a significant

at an elevated temperature is of primary interest in

influence on the fire performance of a concrete

fire resistance design. Compressive strength of

structural member is spalling. This property is unique

concrete at ambient temperature depends upon water-

to concrete and can be a governing factor in

cement ratio, aggregate-paste interface transition zone, determining the fire resistance of an RC structural
curing conditions, aggregated type and size, admixture member. Spalling is defined as the breaking up of
compressive strength is highly influenced by room

layers (pieces) of concrete from the surface of a
concrete member when it is exposed to high and

temperature strength, rate of heating, and binders in

rapidly rising temperatures such as those encountered

batch mix (such as silica fume, fly ash, and slag).

in fires. The spalling can occur soon after exposure to

Unlike thermal properties at high temperature, the
mechanical properties of concrete are well researched.

rapid heating and can be accompanied by violent

The strength degradation in HSC is not consistent and
there are significant variations in strength loss, as

when concrete has become so weak after heating such
that, when cracks develop, pieces of concrete fall off

reported by various authors. The tensile strength of

fromthe

concrete is much lower than compressive strength,

consequences are limited as long as the extent of

types, and type of stress [14, 15]. At high temperature,

explosions or it may happen during later stages of fire

surface

of

concrete

member.

The

due to ease with which cracks can propagate under damage is small, but extensive spalling may lead to
tensile loads. Concrete is weak in tension, and for NSC, early loss of stability and integrity [19, 20]. Influence
tensile strength is only 10% of its compressive of Temperature on Mechanical performance The
strength and for HSC tensile strength ratio is further

mechanical properties that are of primary interest in

reduced [16, 17]. Thus, tensile strength of concrete is

fire resistance design are compressive strength, tensile

often neglected in strength calculations at room and

strength, elastic modulus, and stress-strain response in

elevated temperatures. However, it is an important

compression. Mechanical properties of concrete at

property, because cracking in concrete is generally

elevated temperatures have been studied extensively

due to tensile stresses and the structural damage of the

in the literature in comparison to thermal properties.

member in tension is often generated by progression

High temperature mechanical property tests are

in microcracking. Under fire conditions tensile

generally carried out on concrete specimens that are

strength of concrete can be even more crucial in cases

typically cylinders or cubes of different sizes [21, 22].
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Unlike room temperature property measurements,

dense microstructure with less amount of calcium

where there are specified specimen sizes as per

hydroxide which ensures a beneficial effect on

standards, the high temperature mechanical properties

compressive strength at room temperature.

are usually carried out on a wide range of specimen
sizes due to a lack of standardized test specifications
for

undertaking

high

temperature

mechanical

property tests.
2.2. Compressive Strength
Traditionally, the compressive strength of concrete
used to be around 20 to 50MPa, which is classified as
normalstrength concrete (NSC). In recent years,
concrete with a compressive strength in the range of
50 to 120 MPa has become widely available and is
referred to as high-strength concrete (HSC). When
compressive strength exceeds 120MPa, it is often

Figure 1: Variation of relative compressive strength of

referred to as ultrahigh performance concrete (UHP).

normal strength concrete as a function of temperature

The strength of concrete degrades with temperature
and the rate of strength degradation is highly

2.3. Elasticity

influenced by the compressive strength of concrete.

The modulus of elasticity (𝐸) of various concretes at

Figures 1 illustrates the variation of compressive
strength ratio for NSC and HSC at elevated

room temperature varies over a wide range, 5.0 × 103
to 35.0 × 103 MPa, and is dependent mainly on the

temperatures, respectively, with upper and lower

water-cement ratio in the mixture, the age of concrete,

bounds (of shaded area) showing range variation in

the method of conditioning, and the amount and

reported test data. A wider variation is observed for

nature of the aggregates. The modulus of elasticity

NSC in this temperature range (above 500 ˚C) when

decreases rapidly with the rise of temperature, and the

compared to HSC as seen from Figure 1.This is mainly
because of the higher number of test data points

fractional decline does not depend significantly on the

reported for NSC in the literature and also due to the

however, that the modulus of elasticity of normal-

lower tendency of NSC to spall under fire. Overall the

weight concretes decreases at a higher pace with the

variation

mechanical

rise of temperature than that of lightweight concretes.

properties of concrete at high-temperatures is quite

Figure 2 and 3 illustrates variation of ratio of elastic

high. These variations fromdifferent tests can be

modulus at target temperature to that at room

attributed to using different heating or loading rates,

temperature for NSC and HSC. It can be seen fromthe

specimen size and curing, condition at testing

figure that the trend of loss of elastic modulus of both

(moisture content and age of specimen), and the use of

concretes with temperature is similar, but there is a

admixtures. In the case of NSC, the compressive
strength of concrete is marginally affected by a

significant variation in the reported test data. The
degradation modulus in both NSC and HSC can be

temperature of up to 400 ˚C. NSC is usually highly

attributed to excessive thermal stresses and physical

permeable and allows easy diffusion of pore pressure

and chemical changes in concrete microstructure.

in

compressive

strength

type of aggregate. Fromother surveys, it appears,

as a result of water vapor. On the other hand, the use
of different binders in HSC produces a superior and
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temperature as reported in previous studies and
Eurocode provisions. The ratio of tensile strength at a
given temperature, to that at room temperature, is
plotted in Figure 6. The shaded portion in this plot
shows a range of variation in splitting tensile strength
as obtained by various researchers for NSC with
conventional

aggregates.The

decrease

in

tensile

strength of NSC with temperature can be attributed to
weak microstructure of NSC allowing initiation of
microcracks. At 300 ˚C, concrete loses about 20% of
its initial tensile strength. Above 300 ˚C, the tensile
strength of NSC decreases at a rapid rate due to a more
pronounced

thermal

damage

in

the

form

of

microcracks and reaches to about 20% of its initial
strength at 600 ˚C.
Figure 2 : Stress-strain response of normal strength
concrete at elevated temperatures

Figure 4 : Variation in relative splitting tensile
strength of concrete as a function of temperature.

III. Conclusion
Concrete,
Figure 3 : Stress-strain response of high strength
concrete at elevated temperatures

at

elevated

temperatures,

undergoes

significant physicochemical changes. These changes
cause properties to deteriorate at elevated
temperatures and introduce additional complexities,
such as spalling in HSC. Thus, thermal, mechanical,

2.4. Tensile strength
Figure 4 illustrates the variation of splitting tensile
strength ratio of NSC and HSC as a function of

and deformation properties of concrete change
substantially within the temperature range associated
with building fires. Furthermore, many of these
properties are temperature dependent and sensitive to
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testing (method) parameters such as heating rate,

height in typhoon-affected sea areas, Nat Hazar,

strain rate, temperature gradient, and so on. Based on

67 (2013) 15.

information presented in this chapter, it is evident

[5].

R Wen, A.C. Umeano, S. Dhar, Accessing

that high temperature properties of concrete are

Mitochondrial

crucial for modeling fire response of reinforced

Intracellular Delivery III, (2016) 26.

concrete structures. A good amount of data exists on
high

temperature

thermal,

mechanical,

[6].

and

Targets

Using

NanoCargos,

D Li, S. Zhang, W. Yang, W. Zhang, Corrosion
Monitoring

and

Evaluation

of

Reinforced

deformation properties of NSCand HSC. However,
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there is very limited property data on high

Guided Wave Technique, International Journal

temperature properties of new types of concrete such

of Distributed Sensor Networks, 10 (2014) 9.

as self-consolidated concrete and fly ash concrete at
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problems in pattern labeling with pairwise

presented in this chapter, due consideration should be
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Computer
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properties at elevated temperatures depend on a
number of factors.
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