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Abstract - One of the most influential technology in this century is Nanotechnology due to its remarkable and successful 
results in various manifolds, Civil Engineering is one of them and to be more precise Construction Industry. Since it effect 
the material at atomic level so the properties get altered at microscopic level. With the actualization of Nanotechnology, it 
procreate materials desiring higher properties such as durability and strength then traditional materials. The main focus of 
Nanotechnology in concrete aims at production and mixing of nano-particles in concrete at appropriate proportions, which 
helps in gain in compressive as well as flexural strengths at early stage. Pore structure improvements can also be done by 
incorporating nanomaterials in concrete. Due to addition of nanomaterials in concrete the proportion of cement content get 
reduced without losing its strength characteristics than traditional concrete thus leads to production of eco friendly concrete 
referred as Green Concrete. This paper tries to highlight the usage of nanotechnology in civil engineering and various other 
materials viz. glass, wood, steel, its applications in concrete as well as its impacts on construction industry. 
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I. INTRODUCTION 
 
The impact of nanotechnology is with the utility of 
the material having range of 1-100 nanometers. The 
nanotechnologies can be defined as composition, 
improvisation, formulation and application of 
devices, systems or structures by predominating its 
size and shape at atomic level. The word Nano 
adheres one – billionth and the word itself originated 
from “Nanos” – a greek word which implies 
“Dwarf”. The principal in nanotechnology is its 
dimensions of the particles as the properties are 
purely affected under scale of nanometer. The crucial 
perspective is that as particles are transformed into 
nano-sized, the relative amount of atoms on the 
surface increases with respect to those, which are 
present inside and thus results in variation in their 
properties. Another important aspect is, dissimilar 
things get initiated at nano levels, for instance, 
gravity becomes insignificant, quantum forces 
infiltrate and electrostatic force does not contribute. 
Right away, the use of nanomaterials in construction 
is contracted on account of numerous reasons as, 
inappropriate knowledge with reference to 
nanomaterials and their behavior, insufficient specific 
standard design, etc. 
Nanotechnology has wide range applications in 
engineering field particularly in civil engineering. In 
this wide range of field, we can procreate various 
materials with unique characteristics that can enhance 
the properties of contemporary construction material: 
fire retardant, improved cementitious properties, light 
and stronger structural composites, better sound 
absorption, etc. Construction industry has trailing 
behind in awareness of potentials for taking 
advantage of nanotechnology, when compared to 
other large scale industrial sectors, which are now in 
progress. The potential of nanotechnology for the 
progress of construction industry has observed that: 

1. With the inclusion of nanofibres, particles or tubes, 
there is enhancement of mechanical properties of 
cementitious composites and are sustainable to 
environment as it reduces the pollution. 
2. With the use of nanoparticles, we can make 
materials corrosion resistant like corrosion free steel. 
3. Preparation of thin films and coatings that have 
ability of self – cleaning. 
 
II. SIGNIFICANCE OF NANOTECHNOLO-
GIES IN CONSTRUCTION 
 
Owing to distinctive properties, nanotechnologies are 
being used in very wide range of field, design and 
construction is one of them. With the aid of 
nanotechnology we can fabricate products for lighter 
structures, substantial composites for bridges, 
improves sound absorption, raise the resistance 
towards corrosion, fire, thermal transfer of heat, etc, 
provides improved cementitious properties, self 
cleaning properties, sensing abilities, etc. 
 
Nanotechnology has very vast impact on civil 
engineering applications. Some of them are discussed 
below: 
 
1. Nanotechnology in Concrete: The most 
predominantly used constructional material is 
concrete than other materials. It consists of small 
crystals with large variety of sizes and is 
heterogeneous material, bound water and has 
amorphous phase that ages with time. Concrete is 
firmly influenced by its nano properties. Imagination 
of any construction without usage of concrete is 
impracticable. The sensible use of technology and 
significance of structure and behavior at basic level is 
an important aspect. Manufacturing of cement has 
some disadvantages so, many researches has carried 
out to recede the fraction of cement in concrete. For 
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this, Nanotechnology has become an apparent 
approach to address problems deals with constituents 
of concrete. The properties of concrete such as heat of 
hydration reaction, alkali aggregate reaction, to be 
more precise alkali silicate reaction. Replacement of 
cement proportion in concrete is replaced by 
pozzolana which causes reduction in severity of alkali 
silicate reaction. By inclusion of nanoparticles, 
concrete can be altered in many ways as it magnifies 
the pore structure of concrete, strengthen its 
mechanical and durability properties, accelerate the 
formation of C-H-S gel. Nano-silica incorporation 
enhance the strength properties, resistance to water 
absorption, resistance to segregation and prevents 
calcium leaching. Addition of Nano-iron exhibit 
higher flexibility as well as mechanical properties and 
also shown self sensing capabilities. Another 
nanoparticle used in collaboration of concrete is 
Titanium dioxide (TiO₂), which is used as graceful 
reflective coating due to the reason that it reduces air 
pollutants for outdoor surfaces. In addition to this, it 
attracts water which helps in self cleaning of outdoor 
surfaces in rainy days. Carbon nanotubes is another 
nanomaterial which immensely influence the 
properties of concrete. On addition of very small 
amount, it can enhance both the compressive strength 
as well as flexural strength. 
 
Self compacting concrete (SCC) behaves like a thick 
fluid which flows under its own weight and does not  
need any vibration and this is made possible with the 
usage of Polycarboxylates (material developed using 
nanotechnology and is similar to plastic). By using 
this concrete, it put forth benefits up to 50% in labour 
cost, reduction in energy and reduced wear and tear 
on formwork.  
 
Fiber wrapping of concrete is the most commonly 
used method for retrofitting and strengthening of pre 
established structure or structural elements. When 
fiber sheet is wrapped on the concrete surface, the 
nanoparticles along with polymer enters the cracks 
and wind up the crack. 
 
2. Nanotechnologies for steel: Since 2nd  Industrial 
revolution, in late 19th and early 20th century, it has 
been widely used. It is the most crucial and 
indispensable material in construction. The main 
cause that proceed structural failure is fatigue when 
the steel is subjected to cyclic loading. Due to this 
there is significant less service time of the structure as 
it occurs at lower value of stresses than yield stress. 
Crack initiation occurs due to stress concentration. 
So, to overcome this failure copper nanoparticles are 
added which lessen the unevenness of steel surface 
hence limit the stress risers which further improves 
fatigue cracking. The delayed fracture problems 
while dealing with high strength bolts can be 
improved by addition of vanadium and molybdenum 
nanoparticles that enrich the microstructure of steel. 

With use of carbon nanotubes, mechanical properties 
of steel get enhanced and become corrosion resistant 
and possess high thermal and electrical conductivity. 
Stronger welds can be achieved by inclusion of 
magnesium and calcium nanoparticles.  Carbon nano 
fibres which are more superior than steel is also 
fabricated using nanotechnology. A nano-structure – 
modified steel developed by MFX steel corporation, 
USA which is more superior than conventional steel 
with exceptionally high properties like higher 
strength, ductility, corrosion resistant, improved 
fatigue properties and enhance the life span of 
structure even in adverse corrosive environment. 
 
3. Nanotechnologies for Wood: Wood is an age old 
material that has been utilized since the dawn of 
civilization whereas carbon nanotubes are a new 
invention having same composition as they are 
composed of nanotubes, and wood nanotubes or 
“nanofibrils” to be more specific woody tissues 
named as Lignocellulosic. These wooden tissues 
acquire almost twice strength than nanofibrills and 
are renewable so it contributes in sustainable 
construction. The observations of products with these 
tissues during their service time are remarkable when 
it comes to their performance as well as 
environmental conditions. It has natural reason which 
makes the wood to lead in modeling techniques as 
well as in other branches of research. 
 
4. Nanotechnologies in Glass: Due to extraordinary 
improvisation nanotechnology may be applied to 
various materials in various fields as well as in 
construction. The main problem that arise while 
dealing with glass is its cleaning and this problem of 
cleaning has been solved by nanotechnology as glass 
composed of Nano Titanium dioxide has property of 
self cleaning. Nano Titanium Dioxide has the 
property to attract rain water and thus the dirt is 
cleaned. Another main problem is ordinary glass 
when exposed to fire gets melts, through 
nanotechnology fire protection glass has been made 
possible as a small layer of  nano silica is sandwiched 
between glass panels. In this modern era, with the 
new trends the exterior of the buildings are prefer to 
be of glass, so to prevent excess light, heat and UV 
rays entering inside the building can also be 
prevented using this technique.  
 
5. Nanotechnologies for Painting and Coatings: 
Nanotechnology is implemented to paints so as to 
endorse the resistance to corrosion under insulation of 
the metal pipes as they are highly hydrophobic thus 
save the metal from saline water attack. Through this 
technology self cleaning property can also be induced 
and use of Titanium dioxide in paints provide 
remarkable properties as it produce glazing effect and 
used as coating material on roadways. 
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6. Nanotechnologies for Fire Protection: For fire 
protection of steel structures, the Portland cement 
based coatings were used but due to its limitation that 
it is thick and brittle, so to improve the bonding with 
steel surfaces inclusion of fibers are needed. In order 
to overcome this problem, it has been found that 
carbon nanotubes in combination with nanocement 
and cementitious material is used to fabricate nano 
composites that show tremendous high strength 
properties and provide resistance to fire. 
 
7. Nano Sensors for Concrete Structures: 
Nanotechnology has been used as structural 
monitoring of the structures. It is non-destructive 
assessment of structures. Nano and Microelectrical 
mechanical system (MEMS) have been developed 
and size of these sensors vary from 10-9 to 10-5 m. 
while construction process these sensors are 
embedded in the structures to monitor or control 
environment conditions by evaluating the internal 
stresses induced in the structures, cracks and  other 
forces exists in the structures. 
 
III. IMPACTS OF NANOTECHNOLOGY ON 
CONSTRUCTION 
 
1. Merits 
 
a) Comparison to typical TiO2, Nano TiO2 

undergoes a 500% hike in surface area and a 
400% fall in opacity. Presently nano-TiO2 
production levels have extended up to around 4 
million metric tons pricing approximately $45/kg 
to $50/kg vs. $2.5/kg for traditional TiO2. 

b) Globally, the CNT market is anticipated to rise 
from $51 million in 2006 to more than $800 
million by 2011. 

c) Nano-modified concrete brings down the 
construction schedules while diminishing labour 
intensive (and pricey) tasks. Also it can diminish 
the cost of repair and maintenance. 

d) The paint and coatings industry embodies annual 
sales of about $20 billion. Nano-alumina and 
titania have a four- to six- times gain in wear 
resistance, with doubled toughness and bond 
strength. 

e) The inherent global market of nanocomposites is 
believed to rise to $340 billion for the next 
twenty years. 

f) Fire safety systems market globally totalled 
about $45 billion in 2004 and is believed to shoot 
up to  $80 billion or more by 2010. 

 
g) Auto-healing asphalt, repairing and reviving 

nano-agents for asphalt, and self-assembling 
polymers enhance asphalt mix. 

h) Nano sensors immersed in infrastructural 
materials can furnish, at lowest expenses, fully 
integrated and self-powered failure prognosis for 

high-financial structures (e.g., reservoirs, nuclear 
power plants, and bridges). 

 
2. Demerits:  
a) The workers are exposed to high risk of skin, 

respiratory and digestive problems due the 
extremely small granular size of nanoparticles. 

b) As nanotechnology related industries 
comparatively afresh, their workers, working in 
construction, research and development posses 
interdisciplinary knowledge. 

c) Fresh policies in regard to nanotechnology need 
cooperation among different tiers of government, 
R&D agencies, manufacturers, and other 
industries. 

d) Low yield levels and high cost is the main 
shackle in the use of Nanotechnology. 

e) Prolonged span of time is taken in 
commercialization of a product. E.g. the 
concrete, which clears the need for reinforcing 
bars, is expected to be commercialized around 
2020. 

 
CONCLUSION 
 
Nanotechnology has very profound and remarkable 
impacts on civil engineering and its influence is very 
tremendous. Its presence create most efficient 
materials with tremendous properties. The 
maintenance cost drastically diminish because of its 
renowned properties such as self repairing, self 
cleaning, durability and also provide resistance to 
corrosion, fire, saline water, etc. Nanotechnology has 
wide scope in all fields but still there’s lot of research 
and awareness should be carried out to avail more 
benefits. Doubtlessly, nanotechnology has 
exceptional functional ability and it helps in bringing 
out many new properties from the material. Using 
this technique the life span of the structures get 
enhanced. The application of nanotechnology has 
already started in civil engineering and with time it 
will entirely transform the construction industry. It 
create peculiar imprint on technology and has 
remarkable impact on economy. 
 

I. REFERENCES 
II.  

[1] R. M. Hlihor and M. Gavrilescu, “Book review of 
nanomaterials: An introduction to synthesis, properties and 
application by Dieter Vollath,” Environmental Engineering 
and Management Journal, vol. 7, no. 6, pp. 865-870 

[2] Gogotsi Y., “Nanomaterials Handbook”. Taylor & Francis 
Group, LLC, 2006, 1-2. 

[3] Patel A. S., “An Overview on Application of Nanotechnology 
in Construction Industry”, IJIRSET, 2(11),  pp6094-6098, 
2013. 

[4] Syed Sabihuddin, “Application of Nanotechnology in Civil 
Infrastructure”, IJERA,  2248-9622, Vol. 4, Issue 3( Version 
1), 2010. 

[5] Saurav, “Application Of Nanotechnology In Building 
Materials”, IJERA, 2(5), pp1077-1082, 2012. 

[6] “List of Nanotechnology Applications”. Wikipedia. 
Wikimedia Foundation, 09 Oct. 2012. 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-5, Issue-3, Jun.-2018 
http://iraj.in 

Nanotechnologies in Civil Engineering – A Review 
 

65 

[7] Lee J., MahendraS.H. and Alvarez P.J.J., “Nanomaterials in 
the Construction Industry: A Review of their Applications 
and Environmental Health and Safety Considerations”, ACS 
Nano, 4(7), pp3580-3590, 2010. 

[8] Peter J. M. Bartos, Nanotechanology in construction: A 
Roadmap for development, Proceedings of ACI Session on 
“Nanotechnology of Concrete: Recent Developments and 
Future Perspectives” November 7, Denver, USA pp1-14, 
2006. 

[9] Zhu W. Bartos P.J.M. and Gibbs, J.,  Application of 
nanotechnology in construction, Summary of a state-of-the-
art report, Journal of Material and Structures, 37, pp649-658, 
2004. 

[10] Sanchez, Florence, and Konstantin Sobolev. 
"Nanotechnology in concrete--a review." Construction and 
Building Materials Nov. 2010. 

[11] Amit Srivastava, Kirti Singh, "Nanotechnology in civil  
engineering and construction: A review on state of the art and 
future prospects”, 2011. 

[12] N. Venkat Rao, M. Rajasekhar, K. Vijayalakshmi, M. 
Vamshykrishna, "The Future of Civil Engineering with the 
Influence and Impact of Nanotechnology on Properties of 
Materials", 2014. 

[13] Mann S., “Nanotechnology and Construction.  European 
Nanotechnology Gateway” - Nanoforum Report, Institute of 
Nanotechnology, November 2006, 2-10 

[14] Balaguru, P. N., “Nanotechnology and Concrete: 
Background, Opportunities and Challenges”- In Proceedings 
of the International Conference, Application of Technology 
in Concrete Design, Scotland, UK, p.113-122.2, 2005. 

[15] Mohan, Prem. "Civil Engineering Seminar Topics: 
Significance Of Nanotechnology In Construction 
Engineering.".p., 17 Sept. 2011. 

[16] Nippon Steel Technical Report No.91 January 2005 
[17] Firoozi A. A.,Taha M.R. and Firoozi A. A., “Nanotechnology 

in Civil Engineering”, EJGE, 19, pp4673-4682, 2014. 
[18] Ganesh V.K., Nanotechnology in Civil Engineering,  

European Scientific Journal, November edition 8(27),  pp96-
109, 2012.  

[19] Olar R., “Nanomaterials and Nanotechnology for Civil 
Engineering”, Bul. Inst. Polit. Iaşi, t. Lvii (Lxi), f. 4, pp110-
117, 2011. 

[20] J.M. Makar and J.J. Beaudoin, , “Carbon nanotubes and their 
application in the construction Industry”, 1st International 
Symposium on Nanotechnology in Construction, 2003,pp. 
331-341  

[21] BCC Research “Nanotechnology reports and reviews.” 
http://www.bccresearch.com/nanotechnology/ (Mar, 5, 2008). 

[22] Baer, D. R., Burrows, P. E., and El-Azab, A. A.“Enhancing 
coating functionality using nanoscience and 
nanotechnology”. Prog. Org. Coat., 47(3–4), 342–356, 2003. 

[23] V Kartik Ganesh, "Nanotechnology in Civil Engineering". 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


