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ABSTRACT Use of nano materials in cement composites is a developing research area of concrete technology . Fire
resistance of cement composites is a subject of researchers across the globe as fire attacks on buildings is a major threat
to the world is facing today. An exhaustive study of available works on use of nano materials to improve thermal
stability of cement composites was made. Presence of nano particles in cement based components refined thermal
behaviour of the composites.
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INTRODUCTION Concrete composite is one of the main construction materials in Civil Engineering with
large quantities of it being consumed all over the world each year. Concrete is obvious unmistakable, definite,
evident, exegetical and it is a the primary active components of cementitious composites used in most modern
construction. The other components are water, and both fine and coarse aggregates. one of the major accidents
freed by concrete structure is fire accidents.

Exposure To elevated temperatures significantly affect the performance of concrete structure, concrete is
not stable at high temperatures, with chemical/physical transformations in aggregates and paste occurring ,
resulting in a change in mechanical properties.[8]

There is a great interest in replacing cement with nanoparticles(NPs) in concrete structure to improve the
chemical and physic -mechanical properties of concrete. The role of the NPs can be summarized as
follows:(1) NPs not only act as filter to improve the microstructure,but also act as an activator to promote
pozzolanic reactions,(2) act as a nucleation site for C-S-H seeds which then accelerates the cement hydration
(3) NPs accelerate the consumption of C-S and the formation of portlandite (small sized CH) crystals and
homogenous clusters of C-S-H consumption (4) NPs improve the microstructure of the interfacial transition
zone between aggregates and cement pastes[3]

The mechanical properties of concrete such as compressive strength, stiffness ,modulus of elasticity etc.
are found to be significantly reducing during fire exposures and one of the major drawbacks of High strength
concrete when exposed to elevated temperatures is explosive spalling , which is responsible for the sudden
failure of the structure during fire attack.

The chemical and physical changes occurring in concrete, when subjected to elevated temperatures can be
summarized as below.

The capillary and gel water evaporate at 100˚-150˚C.Shrinkage and cracking take place at approximately
150˚-250˚C accompanied by a reduction in strength, evaporation of chemically bond water from  aluminous
and ferrous constituents at approximately 250⁰-300⁰C and the compressive strength of concrete starts to
decreaas.CH dehydrates to Cao at approximately 400⁰-450⁰C with 44% reduction in its volume; C-S-H
finishes  decomposition between approximately 400⁰-850⁰C. At elevated temperatures up to 400⁰C, the
mechanical properties of OPC deteriorate due to chemical and physical changes in the hydrated phases of the
binder. The thermal treatment leads to dehydration and loss of chemically bound water, mainly from the
dehydration of CH, which induces a reduction in chemical bonding and strength. At 400⁰C gel-like hydration
products are decomposed and 600⁰C CaCo2 dissociation to Cao and Co3 accompanied with the
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recrystallization of non-binding phases from hydrated cement. Dehydration and decomposition of C-S-H
continues until 900⁰C when the C-S-H gels are completely destroyed. At 300⁰C, strength reduction is
expected to be in the range of 15-40%, whereas at 550 and 750⁰C, reduction in compressive strength would
typically range from 55% to 70% of its originally value. There was are no reports on visible effect on the
surface of heated specimens up to 400⁰C. large cracks and partial spalling were observed when the
temperature reached 600⁰C. it is also reported that the aggregates decompose and lose their integrity as and
the temperature reached 800⁰C[1].

The residual mechanical properties of High strength concrete exposed to elevated temperature reported a
decreases of 14-25% in compressive strength when exposed to 100⁰C. Reports shown as improvement of 2-
5% in strength at 200⁰C[7]. A decrease of only 1-10% in compressive strength was observed up to 400⁰C[7].
While most of the studies revealed that the major loss of compressive strength occurred in the range of 400⁰-
800⁰C. A significant decrease of 45-70% in the strength was observed as the exposure temperature was
elevated to 600⁰C. However, Bastami et al have observed a much higher strength decrement of 64-82%
exposure to 800⁰C[7].

LITERATURE REVIEW
At present a significant number of research & development works dealing with use of  various nano materials
like Nano silica(NS),Nano-AI203,Nano-TiO2,Nano-Zno,Nano-Fe2O3,Nano cement(NC),Nano silica
fume(NSF),Nano-flyash (NFA) in cement based materials  subjected to elevated temperature are available
presence of  nano materials improve physical and mechanical properties of concrete significantly, durability
properties are also reported to improved due to addition of nano materials.

MORTEZA ET AL The effect of nano-Silica on the performance of high strength concrete (fc > 80 MPa) at
elevated temperatures. The  mixtures were categorized into two groups.M1-M4(sum of SF and ns was 30
kg/m3) and M5-M8(sum of SF and ns was 60 kg/m3).m1 and M5 were nS free. The mixtures containing nS
had higher normal compressive strength(87.43 MPa) than those without nS (84.92 Mpa),indicating that the
addition of nS was more effective than SF for increasing compressive strength. The average compressive
strength of HSC mixtures were 82.47-91.24 MPa M8 had the highest compressive strength and the maximum
amount of nS. There was no visible effect on the surface of heated specimens upto 400 °C. Large cracks and
partial spalling were observed when the temperature reached 600°C.It was observed that the aggregates
decomposed and lost their integrity as the temperature reached 800°C.The properties of concrete after
exposure to fire were primarily assessed by observing the colour change of concrete.

MOSTAFA JALAL ET AL The authors studied the strength enhancement and durability-related
characteristics along with rheological, Thermal and micro structural properties of High Strength Self
Compacting Concrete(HSSCC) containing nano Tio2 and fly ash(FA).Increase of FA decreased the flexural
failure resistance at the age of 7 and 28 days general. An exhaustive study of available literature on are of
nano materials in concrete subjected to heat is carried out  and selected papers are detailed here Improvements
of flexible strength was observed at the age of 90 days. The ball bearing shaped particles of class F fly ash are
distributed in the SCC-FA paste and they facilitate of the flowability of the paste and therefore improve the
workability and rheological properties of the mixture. Tio2 nanoparticles up to 4wt% accelerate the
appearance of the first peak in conduction calorimeter test which was related to the acceleration in formation
of hydrated cement products. By the addition of Tio2 nano-particles the amount of pores decreased which
relationship obtained for flexural and split tensile strengths with compressive strength showed that the growth
rate of flexural and split tensile strengths in the HSSCC mixtures. Both water absorption and capillary
absorption results showed rather significant decrease by addition of Tio2 nanoparticles, since the
nanoparticles act as nano fillers and improve the resistance of water permeability of concrete. Increase in
nanoparticles percentage generally improved the rheological properties.

S.ABD.EI.ALEEM ET AL The effect of the nano silica NS on the hydration characteristics, thermal
expansion and microstructure of cement pastes were studied. OPC was replaced with NS up to 6.0%. The
presence of NS increases the required water standard consistency and elongated the setting times. The
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microstructure and the mechanical properties of the investigated cement mortars improved sharply with NS up
to 3.0% and then slightly up to 5.0% and them also the free portlandite. pH. Bulk density, compressive
strength and thermal expansion showed that NS contents up to 5.0% by improves the physico-chemical and
mechanical properties of cements. NS behave not only as filler to improve the microstructure, but also as an
activator top promote the pozzolanic reaction, which enhances the formation of hydrated products. It was
concluded that partially substation of OPC up to 5 mass % NS improves the mechanical and microstructural
characteristics in comparison with the near OPC paste up to 90 days.

MOHAMMED AMIN ET AL Conducted studies on the nano silica NS ,CuZn and Ni ferrite on the
mechanical properties. The optimum dose of nano silica and nano ferrite were found to be 3% and 2%
respectively by weight. The percentage of improvement of compressive strength of concrete of concrete was
to be 2% and splitting tensile strength of concrete was 44% and 60%. The flexural strength and modulus of
elasticity of concrete 23% and 25%. Replacement percentages are beyond the optimum value degrades the
compressive strength, splitting tensile, flexural strength and modulus of elasticity of concrete. The samples of
concrete containing nano-silica give better results than samples of concrete containing nano ferrite. Around
10% difference was observed. The samples of concrete containing granite give better results than similar
containing dolomite of about 10%. The use of a super plasticizer was necessary in the concrete mixes to
improve the workability.

Investigated the effect of fly ash based geo polymer concrete with 6% nano silica replacing fly ash.
These modified geo polymer concrete exhibits better structural performance than heat cured geo polymer
concrete (with out nano silica) and conventional cement concrete samples cube specimens of three mixes were
used to determine the compressive strength of concrete samples at different ages. Geo polymer concrete
shows excellent and higher values of mechanical strength. Flexural strength and bond strength of bar
compared to conventional heat cured at ambient temperature geo polymer concrete and OPC concrete.

Polymerization reaction has been accelerated by the application of nano-silica which increases the Si/Al ratio,
enhances the crystalline phases in geo polymer matrices at ambient temperature.

WEI CHIEN WANG conducted an experiment on concrete with nano clay NC replacing cement 0.1%-0.5%
by weight, studied the compressive strength, thermal conductivity coefficients at 25-1000˚C for one hour.
Results show that nano clay concrete exhibits increased strength when temperature is not higher than 300˚C;
strength is significantly reduced at a temperature range of 440-580 C. strength is fond to be 10% of the
original strength when temperature reached 1000˚C. The thermal conductivity coefficient was reduced with
increased temperature. When temperature reached cement is replaced by 0.3% and 0.5% nanoclay. The
compressive strength and thermal conductivity coefficients of concrete increased. Ignition loss is less than 6%
when cement is logarithmic relationship with compressive strength. Ignition loss as a tool to determine
compressive strength for concrete ambient temperature at elevated temperature.

R KUMAR The performance of silica nanoparticles incorporated high strength concrete (SNPs-HSC) has
been evaluated under elevated temperature conditions by exposing up to 800 C. The mechanical and thermal
charges are identified and compared to the conventional high strength concrete (HSC). Time-temperature
studies revealed that incorporation of silica nanoparticles (SNPs) in concrete mix delays the heat transfer by
11%, 18%, 22% and 15% at 200 C. 400˚C, 600˚C and 800˚C, where as at 400 C the weight loss was 3.5%
higher than the control HSC specimens due to evaporation of water from calcium silica hydrate (C-S-H) gel.
On exposure up to 400˚C for 2h, the compressive strength and split-tensile strength increased by 40% and
13% respectively for SNPs-HSC specimens, where as in control HSC specimen strength didn’t increase after
200˚C. The elastic modulus of SNPs-HSC specimens were higher than that of control HSC specimens even up
to 600 ˚C. After exposure to 800˚C elastic modulus of both the HSC specimens were almost equal. A higher
residual compressive (7%) and split tensile strength (8%) was found to be in SNPs-HSC specimens exposed to
800˚C for 2 h as compared to the control HSC specimens. The stress-strain curves revealed that SNPs-HSC
specimens exhibited brittle failure up to 600˚C, where as in control HSC brittle failure was observed only up
to 400˚C. Micro structural studies performed on the samples taken from the core of the 400 C exposed SNPs-
HSC revealed the formation of higher C-S-H content and lower amount of calcium hydroxide (CH) leading to
their enhanced mechanical and thermal stability.
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AHMED A AMER AL The aim of this work was to investigate the influence on the fire resistance of OPC
pastes. The NF was synthesized by thermal decomposition of basic ferric acetate fires at 275˚C, 600˚C and
800˚C. OPC admixed with 1 wt % prepared at 275˚C gives the higher fire resistance than those admixed with
2 or 3 wt%. Thermal treatment of basic ferric acetate fired at 275˚C, 600˚C and 800˚C gave magnetite as the
main phase with hematite 275 C. At 600˚C hematite increased at the expense of magnetite where as that fired
at 800˚C shows nearly hematite with little magnetite. OPC admixed with 1 wt% prepared at 275˚C gives the
optimum amount to achieve fire resistance when compared to 2 to 3 wt%. Bulk density and total porosity of
cement pastes decrease with heat treatment up to nearly 350˚C and then increased where as the compressive
strength increased up to 450˚C then decreased with heat treatment up to 600˚C. As the firing temperature
increases the fire resistance diminishes.

ELZBIETA HORSZCZARUK ET AL In this paper researchers studied about the effect of nano-silica (NS)
on the behaviour of cement mortars containing quartz aggregate and two types of heavy weight aggregates
(magnetite and barite) exposed to elevated temperature. The cement mortars have been modified with
nanosilica in quantities of 1%, 2%, 3%, 4% and 5% (by weight cement). The samples were exposed to
elevated temperatures of 200˚C, 400˚C, 600˚C and 800˚C. It was noticed that NS (up to 3wt%) improved the
thermal stability. The samples containing quartz aggregate exhibited relatively good mechanical properties.
How ever temperature of 400˚C caused a significant loss of flexural strength and a higher mass loss. NS
reacted with and formed additional amount of C-S-H which resulted in improvements in the microstructure of
cement matrices and prevent crack propagation after exposure to elevated temperatures. The mortars
containing a barite aggregate exhibited significant mass loss as a result of thermally induced explosive
spalling. It was concluded that the resistance of cement mortars to elevated temperatures is highly related to
the type of aggregate used. The observations made was that barite aggregates due to their low thermal
conductivity exhibit thermal spalling and a significant mass loss.

M.S.MORSY ET AL The authors made research about the effect of temperature mechanical properties and
microstructure of mortar contains at various nano metakaolin on percentages (0%,M 1.5%M, 10%M3 and
15% M4). The cement mortar pastes were cured water for 28 days then exposed to 250˚C, 450˚C 600˚C and
800˚C. The compressive strength increases with temperature up to 250 C then decreases as the temperature
increases up to 800˚C. The gain in compressive strength at 250˚C was 28%, 5.2%, 33.7% and 36.6% while the
corresponding loss in compressive strength at 800˚C was 57.0%, 61.5%, 58.1% and 46.5% for mixes. The
gain in flexural strength of blended mortar at 250˚C was 3.4%, 13.9%, and 27%. The reduction in
compressive and flexural strengths was due to occurrence of micro and macro cracks than blended cement
mortar containing 15% NMK. Thermal treatment of blended cement mortar containing 15% NMK at 250 C
indicated the formation of well crystalline CH.

NIMA FARZADINA ET AL This study focused on the properties of four groups of samples, comprising of
control specimen. NT1, NT2 and NT3 with 0%, 1%,2% and 3% nano titania respectively in 5cm*5cm*5cm
cubes and 2cm*5cm cylinders XRD. SEM and DSC tests were conducted after exposure to 100˚C, 200˚C,
300˚C, 400˚C, 600˚C, 800˚C and 1000˚C. It was found that the maximum strength gain was achieved at 2% of
nano Tio2 and it was about 15.48%. By conducting 2 ultrasonic pure velocity test , it is found that soundness
and density of all samples decreased as temperature increased to 1000˚C, which is there was consistent with
the results from compressive strength tests. Energy absorption per unit volume increased in all specimens. As
temperature was increased to 1000˚C there was a decrease in energy absorption. At temperatures above 300˚C
decrease in energy absorption was more significant. NT2 showed better compressive strength and higher
energy absorption while NT1 was more brittle and with higher relative elastic modulus at elevated
temperatures. Mass controlled occurred in three stages up to 200C˚ 200˚C to 300˚C and 300˚C to 1000˚C.
Addition of nano titania lowered mass loss at temperature and control samples had intact bonds at room
temperature although less voids around aggregates were seen in nano titania samples. Elevation in temperature
to 400˚C led to induction of hairline cracks in all samples with less density in nano titania samples. Increased
porosity of cement matrix due to the voids, deformation of CH and disrupted  C-S-H phase boundaries were
seen in all samples at 800˚C. Addition of 1 and 2% of nano titania slightly decreased gas permeability of
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mortar at room temperature. This trend continued when samples were exposed to temperature of 300˚C with a
shift at 600˚C.

MOHAMMED HEIKAL ET AL In this study the composite cements are composed of NS from 0, 1 and 4
mass % and from 0.25, 50 and 65 mass %. The thermal resistance of composite cement pastes was studied
after the specimens were subjected to thermal treatment at 200˚C, 400˚C,650˚C, 850˚C and 950˚C. with rate
of heating 5C/min for 2h soaking time. It was found that substitution of OPC with 25-50% GBFS in the
presence of silica-nano-particles improved the fire resistance of composite cement pasted up to 650˚C . The
composite cement containing NS and GBFS showed an increase in the mass loss from 200˚C to 400˚C. 50%
GBFS- composite cement pastes cause slight increase in  mass loss at high temperatures. Composite cement
pastes containing 25-50 mass %. GBFS exhibited an obvious decrease in strength. Up to 400˚C composite
cement paste containing 1% NS showed better heat resistance compared to other samples. Compressive
strength increased with thermal treatment temperature up to 400˚C for OPC-NS composite pastes, where as it
increased up to 650˚C for composite pastes containing OPC-NS-GBFS, then decreased after thermal
treatment temperature to 950˚C. The compressive strength of the super-plasticized composite cement pastes
showed higher values in comparison with those of un super-plasticized pastes. Substitution of OPC with 25-
50% GBFS in the presence of silica-nanoparticles improved the thermal stability of composite cement pastes
up to 650C. The relative compressive strength of un super-plasticized M25, M50 and M65 mixes were
101.34-109.76, 113.67-120.98, 79.55-96.67, 37.06-41.47 and 12.35-38.24 for samples thermally treated at
200, 400, 650, 850 and 950C SEM micrographs of thermally treated M50S (46% OPC + 50% GBFS + 4
mass% NS) showed the presence of fibrous nano crystalline C-S-H like structure with condensed structure, in
addition to thin flaky plate Ca2ASH8 together with fibrous particles of C-S-H at 200C. The morphology of
those hydrates showed a massive structure of C-S-H deposited in the open pores, which tends to densify the
matrix with the appearance of micro cracks at 650C. The apparent density decrease from 200˚C to 400˚C. The
increase in the thermal treated temperature to 650˚C to 950˚C , values of apparent density showed an increase.
The total porosity decrease with the thermal treatment at 200C, then increase from 400˚C up to 950˚C.

CONCLUSION
From the literature study carried out the following conclusions are drawn.

1. Nano materials significantly improved the properties of cement composites.
2. Nano materials act both as a filler and as a nucleus for chemical reactions.
3. Thermal stability of cement composites were found to be improving due to the presence of different nano

materials.
4. Temperature beyond 800⁰C crucially reduced strength parameters of cement composites.
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