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Abstract — Concrete is most widely used construction 

materials due to its strength, permanence, and durability. To 

meet the growing infrastructure and industrial needs, huge 

quantities of concrete is required, which in turn means, the 

large volumes of natural resources and raw materials are 

being used for concrete production around the world. In view 

of reducing the overall weight of the structure and inhibiting 

the fire resistance properties, Aerogels can be incorporated in 

the concrete. The present work is to study the strength 

characteristics of cement mortar with different percentages of 

Aerogels. 
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I. INTRODUCTION 

Concrete is the most widely consumed material in the world, 

after water. With growing population, industrialization, and 

urbanization, there is corresponding growth in the demand for 

infrastructure. Almost all concretes rely critically on being 

fully compacted. Insufficient compaction dramatically lowers 

ultimate performance of concrete in spite of good mix design.  

Concrete is a composite construction material. It is mainly 

composed of cement (usually Portland cement), aggregate 

(coarse aggregate made of gravel, crushed stone and fine 

aggregate as sand) water and other chemical agents to get 

desired properties. The adverse development in the field of 

concrete has led to the development of light weight concrete 

with good characteristics.  

 The rapid development of sol-gel techniques during 

the past two decades has led to fast progress in the deliberate 

synthesis of porous materials. These techniques complement 

conventional procedures used for the preparation of 

amorphous solids or glasses, such as precipitation or 

impregnation methods followed by high-temperature 

treatments. Porous materials are of immense importance in 

various applications such as adsorption, sensing, and 

catalysis, owing to their high surface area, porosity, 

adjustable framework, and surface properties. Out of all 

known solid porous materials, aerogels are particularly 

known for their small pore size, large specific surface area, 

and best optical transmission. Further, among all aerogels, 

silica aerogels have become quite popular because they 

possess a wide variety of exceptional properties such as low 

thermal conductivity (~0.01 W/m.K), high porosity (~99%), 

high optical transmission (99%) in the visible region, high 

specific surface area (1000 m2/g), low dielectric constant 

(~1.0–2.0), low refractive index (~1.05), and low sound 

velocity (100 m/s). 

 Dorcheh AS, Abbasi M (2008) carried out a survey 

on research work and developments in synthesis, properties 

and characterization of silica aerogels were addressed. 

Particular attention is paid to drying which is a critical step in 

aerogel synthesis and makes the production of this material 

more economical and commercial. 

 Fickler S, Milow B, Ratke L, Schnellenbach-Held 

M, Welsch T (2015) carried out their research work in 

developing a new aerogel-based construction material that 

exhibits extra ordinary heat-insulating and load-carrying 

properties. By embedding silica aerogel granules in a high 

strength cement matrix “High Performance Aerogel 

Concrete” is developed, which combines the benefits of 

conventional concrete (compressive strength, unlimited 

moldability) with the properties of a heat insulating material. 

So far, various mixtures were examined in terms of their 

compressive strength and thermal conductivity. The first 

results are very promising with compressive strength between 

3.0 MPa and 23.6 MPa and thermal conductivities between 

0.16 W/(mK) and 0.37 W/(mK). 

A. Objectives: 

1) To synthesize the Aerogels at the laboratory 

2) To ascertain the strength characteristics of mortar with 

different percentages of Aerogels 

3) To optimize the relative amount of Aerogel replacement 

for cement 

II. MATERIALS  

A. Cement:  

Portland cement is the most common type of cement in 

general usage. It is a basic ingredient of concrete, mortar and 

plaster. In this project OPC 43 grade cement is used for the 

study  

B. Water:  

Combining water with a cementitious material forms a 

cement paste by the process of hydration. Impure water used 

to make concrete can cause problems when in setting or in 

causing premature failure of the structure. Hydration involves 

many different reactions, often occurring at the same time. As 

the reactions proceed, the products of the cement hydration 

process gradually bond together the individual sand and 

gravel particles and other components of the concrete, to form 

a solid mass.  

C. Manufactured Sand:  

With the world wide decline in the availability of construction 

sands along with the environmental pressures to reduce 

extraction of sand from rivers, the use of manufactured sand 

as a replacement is increasing. With the ban on sand mining 

implemented by different states, and with the increasing 

demand for river sand for construction works, many civil 

engineers have expressed the need to promote use of 

manufactured sand in the construction industry. 

“Manufactured sand is crushed fine aggregate produced from 

a source material and designed for use in concrete or for other 
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specific products”. Only source materials with suitable 

strength, durability and shape characteristics should be used.  

III. METHODOLOGY 

Specific Gravity 3.05 

Fineness 9% 

Standard Consistency 31% 

Initial Setting Time 33min 

Final Setting Time 600min 

Table 1: Test Results for OPC53 Grade Cement 

Specific Gravity 2.55 

Fineness Modulus 3.6 

Bulk Density 1250kg/m3 

Table 2: Test Results for Fine Aggregates 

Specific Gravity 2.60 

Fineness Modulus 472 

Bulk Density 1340kg/m3 

Table 3: Test Results for Coarse Aggregates 

Properties Silica Aerogels 

Colour White 

Particle Size 10-20nm 

Purity 99.8% 

Morphology of particles Spherical 

Form Powder 

Density 0.1 g/cm3 

Thermal Conductivity 8.7 W m-1 K-1 

Specific Heat Kg-1. K-1 

Table 4: Physical properties of Silica Aerogel 

Mix 1 Normal mix 

Mix 2 1% SiO2 by wt. of Cement 

Mix 3 2% SiO2 by wt. of Cement 

Mix 4 3% SiO2 by wt. of Cement 

Mix 5 4% SiO2 by wt. of Cement 

Mix 6 5% SiO2 by wt. of Cement 

Table 5: Parameters for Study 

IV. RESULTS & DISCUSSIONS 

Table 8:  Compressive strength (in N/mm2) of mortar after 3days, 7days & 28days of curing 

 
Fig1: Shows the compressive strength values of mortar for different proportions of Aerogels after 3, 7 & 28days of curing 

 Compressive strength values of mortar increases 

linearly for mix 1 to 4 and thereafter decreases for 3, 7 & 

28days of curing. Compressive strength of mortar varies 

around 1.02, 1.06, 1.08, 1.002 & 0.87 times the Normal 

mortar mix for 28days of curing. It was observed that, as the 

percentage of aerogel content increases up to 3% strength 

increases and beyond 3% as the percentage increases water 

demand by aerogel also increases thereby water deficiency 

exists in matrix which decrements the strength improvement. 

V. CONCLUSIONS: 

 Compressive strength of mortar increases linearly up to 

3% of Aerogel as a partial replacement of cement and 

thereafter decreases as percentage of aerogel increases. 

 Compressive strength of mortar for 3% of aerogel 

content was about 1.08times more compared to that of 

normal mortar mix. 

 The Addition of Aerogels (Shraddha Shekar, Alastair J, 

Markus Sander, 2013) may Imparts low Density and Low 

Thermal Conductivity. 
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