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Abstract 

There has been an exponential increase in the use of nanotechnology-based additives in 
concrete. One nanotechnology-based additive that deserves the attention of researchers is 
granular aerogel with extremely low density. In this study, the influence of different 
percentages (% 0,25 , % 0,5 , % 0,75 by volume) granuler aerogels on the mechanical, 
dynamic and durability properties of structural concrete has been studied through 
measurement of compressive strength, fracture energy under impact loading and water 
permeability. The experimental results show that the aerogel usage up to a certain 
percentage not only   reduces the unit weight of the concrete but also provides significant 
improvements on the strength of concrete and the permeability. However, aerogel usage has 
caused brittle fracture of concrete comparing to control concrete when being subjected to 
short-duration dynamic loading. Finally, findings from this study will provide the 
dissemination of aerogel containing smart concrete technology. 
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1. INTRODUCTION 
Aerogels are foams with transparent, highly porous, open cell, low density. Their 

microstructure, comprised of connected host particles and nanoscale pores, as well as 
elemental composition can be tailored by solution chemistry through a process known as sol-
gel method.  As a result of this special microstructure, these lightweight materials exhibit 
many interesting and unusual features [1].The density of the aerogel consisting of air spaces 
constituting 94-98 % of total volume, changes between 3–100 kg/mᶟ depending on the 
porosity. It has properties of low thermal conductivity (0.003–0.02 W/mK) and a good level 
of fire and sound resistance [2]. 

 The weight of structure can be reduced by decreasing the self-weight of reinforced 
concrete by means of reducing unit weight of normal concrete having a high coefficient of 
thermal conductivity because of   high unit weight. Also an economical design can be made 
by reducing cross section of carrying elements. Also, by reducing the unit weight of concrete, 
the coefficients of heat conductivity and thermal expansion decrease and fire resistance 
increase. However, because of the amount of space in concrete increases, strength of the 
concrete decreases, corrosion resistance reduces and sensitivity to moisture increases [3].   

It is possible to obtain heat insulated light weight concrete by using aerogel with concrete 
together because of that aerogel is almost entirely composed of air. Also, although aerogel is 
the lightest material of the world, it has carrying capability of weight up to 1600 times of its 
density [4]. This property may allow light weight concrete to increase its low resistance 
caused by spaces in it. Because of the aerogel can be synthesized as both superhydrophobic 
and superhydrophilic, it may have a positive effect on the impermeability of the concrete 
against water and harmful liquids.     

In this study, the effects of hydrophilic aerogel as an additive on the compressive strength, 
impact resistance and water permeability of concrete have been experimentally investigated. 

2. EXPERIMENTAL STUDIES 
The physical properties of the granular aerogel used is given Table 1. The results indicate 

that the aerogel is a nano-porous material with over 94 % of the volume being air voids 
leading to very low density.   

 
Table 1: Technical properties of the aerogel used 

Hydrophilic aerogel  

Surface area 790-840 m2/gr 

Diameter  8-10 nm 

Porosity  > %94  

Apparent porosity  90-100 kg/m3 

Surface chemical groups   -OH 

 
The commercially available hydrophilic aerogel granules are used in this investigation, as 

schematically shown in Figure 1. 
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Figure 1: Hydrophilic aerogel used 

Ordinary Portland cement CEM 1 42.5 R was used to produce all the concrete mixes. A 
total of four different types of concrete mixes were cast and tested, namely plain concrete 
(KB), concrete containing %0,25 granular aerogel (AB % 0.25), concrete with %0,5 granular 
aerogel (AB % 0.50) concrete including  %0,75 granular aerogel (AB % 0.75) by volume of 
concrete. All the tests were carried out at an age of 28 days.  Table 2 shows the mix 
proportions of the concrete studied for saturated and surface dry conditions of the aggregates.   
 
Table 2: Concrete mix proportions for 1m3 

 
 
 
 
 
 
 
 

 
After the mixing procedure (Figure1), the fresh concrete was filled into steel moulds in two 

layers and then consolidated by using a vibration table to release possible entrained air voids 
and covered with plastic sheet to prevent excessive surface moisture loss. Thereafter, the 
specimens were left in their moulds for 24 h, and finally cured at 20 ± 2 °C in a water tank 
until the day of testing.  

2.1 Compressive strength experiment 
The compressive strength of the mixtures were measured on 150 mm cubes in accordance 

with the relevant Turkish-European Standards. The loading has been  applied  taking care not 
to bump the sample, with maximum %10 deviation ratio from selected rate until it reaches  
the biggest load at a 0,2-1 MPa (N/mm2) constant loading rate. The following equation is 
used to calculate the compressive strength: 

fc=F/Ac   (1) 

Concrete ID Cement 
(kg/mᵌ) 

Water 
(kg/mᵌ) 

Agregate 
(kg/mᵌ) 

Aerogel 
(kg/mᵌ) 

KB 360 205 1830 0 

AB (% 0.25) 360 203 1830 0,1 

AB (% 0.50) 360 199 1830 0,2 

AB (% 0.75) 360 195 1830 0,3 
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Fc, F and Ac symbols shown in equation represent concrete compressive strength (MPA), 
maximum load reached during fracture (N), cross sectional area of the sample (mm²) on 
which pressure load has been applied, respectively.    

2.2 Impact (Charpy) experiment 
The impact fracture parameters of the mixtures were determined by testing small prism 

beams having a size of 40x40x160 mm. The pendulum type devices shown in Figure 2, are 
used in impact experiment.  The pendulum with G weight and l length has been rised to a h1 
height where it will have potential energy determined before and after placing the sample 
properly, the dial indicator has been brought to start position. The pendulum has been released 
properly thus breaking the sample, the hammer broken the sample by pulse impact has rised 
h2 height consisting b pitch angle with vertical axis of sample.  The difference between the 
potential energy when the pendulum came into contact with sample and the potential energy 
left in pendulum after sample broken, gives the energy required to break the sample, in other 
words impact resistance.  In this case the fracture energy is expressed by the following 
equation:   

 
K.E.= Gxh1- Gxh2 = Gx(h1-h2) = Gxlx( cos b-cosa)  (2) 
 

 
Figure 2: Charpy testing apparatus 

2.3 Water permeability experiment 
The permeability of the concrete samples with or without aerogel in 150x150x150 mm 

sizes has been carried out by water device (Figure 3) with compressor and pressurized water 
as specified in the related Turkish-European  Standard.  
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Figure 3: Water permeability testing apparatus  

The 500 kPa water pressure has been applied for 72 hours to the samples placed in device. 
After the pressure having been applied for specific time the experiment has been ended and 
the sample removed from the device. The sample has been split up into two equal part in 
perpendicular position to the place where the pressurized water has been applied and the 
water pressure in greatest depth from the experiment area on which pressure applied has been 
measured and recorded rounding the nearest millimeter.    

3. RESULTS AND DISCUSSION 

3.1 Experiment results of the compressive strength 
The compressive strength of the reference concrete and the concretes containing aerogel 

for 28 days has been given in Table 3 and displayed graphically in Figure 4. 
 
Table 3. 28-day compressive strength test results 

 
 
 

 
 

 

* Denotes standard deviations  
 

 28-day Compressive Strength (MPa) 
Concrete ID Mean Compressive 

Strength (MPa) 
Concrete Type/KB 

KB 28.5 (1,55*) 1 
AB (% 0.25) 35.3 (1,58*) 1.24  
AB (% 0.50) 23.4 (2,37*) 0.82 
AB (% 0.75) 19.2 (3,84*) 0.67 
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Figure 4. Graphical display of the compressive strength results 

According to the experiment results, the compressive strength of the sample has increased 
by 1.24 ratio at the samples containing 0.25% aerogel but decreased by 0.82 ratio at the 
samples containing 0.50% aerogel   and 0.67 ratio containing 0.75% aerogel.  As almost all of 
the concrete has formed from air spaces, increasement of aerogel above a certain rate makes 
the concrete less resistant to compressive load.  

It is known that the increase of the voids (reducing homogeneity) in concrete not only 
reduces the concrete weight but also decreases the strength of it [5]. Nevertheless, it has been 
seen that it is possible to increase the strength of concrete while reducing its weight by the 
addition of ideal amount of aerogels.    

3.2 Charpy (Impact) experiment results 
The results of impact resistance experiment have been given in Table 4 and illustrated 

graphically in Figure 5. As seen in the table and chart, beneficial effect on the concretes with 
aerogel comparing to control concrete decreases in respect of impact resistance if the ratio of 
water /cement kept constant and the control concrete samples for 28 days accepted reference. 
 
Table 4. Fracture energy and impact strength of 28-days concrete  

Concrete ID KB AB 
(% 0.25) 

AB 
(% 0.50) 

AB 
(% 0.75) 

Fracture 
Energy (J) 

149.1 
(11,8*) 

143.9 
(18,54*) 

119.4 
(9,41*) 

39.2 
(7.44*) 

Impact 
Strength (J/m²) 

93187.5 
(7375*) 

89916.7 
(11589.72*) 

74604.2 
(5882.09*) 

24500 
(3756.62*) 

* Denotes standard deviations 

The impact effect which is an external force applied in a shorter time than one- third of the 
natural vibration period of material creates an external work on concrete. The concrete also 
needs to balance this energy with an internal work and the concrete changes its shape clearly 
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to create an internal work. However, it can be clearly seen that these reactions cause the 
concrete to break suddenly as it makes more brittle (less fracture energy dissipation under 
dynamic loading) due to space increasement in it.     

 

 
Figure 5. Graphical display of the results of the impact test 

3.3 Experiment results of water resistance 
The permeability at the end of 28 days cure of the concrete samples   with or without 

aerogel (the largest water treatment depths) has been indicated in Table 5 and graphically in 
Figure 6 rounding the nearest value in mm.  
 
Table 5: Water permeability values of 28-days concrete 

Concrete ID Water Permeability (mm) 
KB 15,5 (0,58*) 
AB (% 0.25) 13 (1*) 
AB (% 0.50) 16 (1*) 
AB (% 0.75) 20,5 (0,58*) 

* Denotes standard deviations  
 

The water permeability results of the concretes left in cure for 28 days have been 
determined by measuring the distance of water progress in the concretes broken by applying 
tensile stress. The concrete containing 0,25 % aerogel  has yielded less water permeability  
and more positive results comparing the control  concrete. However the water progress in 
sample has increased proportionally with the increasement of aerogel in concrete. Due to its 
hydrophilic structure aerogel has caused the concrete to be porous since it absorbed an 
amount of water needed for chemical reaction (hydration) of the concrete, when it has 
contacted with water.  
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Figure 6: Graphical display of the test results of the water permeability  

5. THE RESULTS  
The following conclusions was made from the experimental research on the effects of the 

hydrophilic granular aerogel on the mechanical and durability performance of concrete.  
1) The aerogel usage up to a certain percentage not only reduces the unit weight of the 

concrete but also provides significant improvements on the strength of concrete.  
2) Aerogel usage has caused brittle fracture of concrete comparing to control concrete 

when being subjected to short term severe dynamic loading (stroke) 
3) The satisfactory results have been obtained for the optimum value of aerogel regarding 

permeability as parallel to the results of pressure strength. 
 
The existing work can guide scholars that are undertaking theoretical and experimental 

research on this subject and this can result in a major contribution to the construction and 
other sectors.   
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