
58 
 

 

 

  

Effectiveness of temperature on the lightweight concrete made 

from cured crushed glass by Nano Silica 

Aml ElSherif 
a,
*, Tarek Ali

 a
, Anwar Mahmoud

 b 

a 
Department of Civil Engineering, Mataria Faculty of Engineering, Helwan University, Egypt 

b
 Housing and Building National Research Center, Cairo, Egypt 

* 
amalmagdy124@gmail.com 

 الولخص العشبً

فى هزة الذساست حن إسخخذام كسش الضجاج  كشكاجم ن اي سيٍساً باذٌا زاي الاضلذ كٍال صرلا  لل  ا   

زلً نشسجًه نفٍفت ال صى. كٍل حن دساست سل ك الخشسجًت ح ج حاثيٍش دسجاجث ال اشاسة الوشحفعات هاي 

نلا  بشًجهج زولى ٌخك ى هي هشكلخٍي. الوشكلت الأصلى زبجسة زاي باس ساخت نل اجث هخخلفات زباجسة 

ي نل خٍي هي الخشسجًت العجدٌه كخل ت كٌخشص  صأسبعت نل اجث هاي الخشساجًه الخفٍفاه الا صى بٌساس ز

هخخلفه لو خ ي الأسوٌج صالاضجفجث كٍال حان زواا إنخباجس ال با ف صالف اذ فاً ال با ف صهعجهاا الاذه  

 لخ ذٌذ ن اص الخشسجًت ال جصجات صكازل  حان ح ذٌاذ نا اص الخشساجًت الوخ الذة هماا ه جصهات ال ا ذ

سااجزجث لااذسججث كااشاسة  3( ٌاا م صكاازل  بعااذ الخعااش  لل شٌاات لوااذة سااجزخٍي ص  82،  7زٌااذ أزوااجس  

دسجاات هي ٌاات صكاازل  اسااخخذام فااشٌ خٍي للخبشٌااذ الوااجت ياان اجااشات الانخبااجس فٍوااج بعااذ  033ص اٌ ااج  333

ى صهاذي صالو جسًه بٍي الٌخجيج صرل  لذساست هاذي حاثيٍش دسجاجث ال اشاسة زلاً الخشساجًه الخفٍفاه الا ص

ح ول ج كواجدة اً اجيٍت. الوشكلات المجًٍات حخ اوي دساسات سال ك الكواشاث الخشساجًٍه اباا صبعاذ الخعاش  

لٌفس دسججث ال شٌت صًفس زذد السجزجث الخً حن حعشٌ ا ج للوكعباجث الخشساجًٍت صكازل  احباج  فاش  

 الخبشٌذ الو ض ت. 

A B S T R A C T 

The use of lightweight concrete makes of which in the forefront of materials used in 

various construction works due to its low density and high thermal insulation. Many 

attempts have been done to develop a practical and dependable code for lightweight 

concrete design worldwide to get a satisfactory, practical standard for lightweight concrete 

mix design. Standards methods for designing the mix of lightweight concrete are few such 

as ACI 211.2. However, Standard methods did not expose to all the types of lightweight 

aggregates and its properties. This study is scoped to provide references for the 

effectiveness of temperature using crushed glass as a coarse aggregate for lightweight 

concrete. More than, 6 mixes were prepared according to ACI and tested for Slump loss, 

compaction factor, and compressive strength before and after the temperature exposes. 
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Lightweight concrete made from crushed glass which is cured by nano silica were scored 

compressive strength more than the normal weight concrete. 

 

Keywords: lightweight concrete; crushed glass; Nano silica; slump; compressive strength. 

1. Introduction 

Lightweight concrete is defined as the concrete which its density is lower than 2000 kg/m3, 

Modern construction has become more in need of multi-use materials and many properties, 

structural lightweight concrete is one of these materials, Used in many diverse applications 

such as residential buildings, frames, space frames, structural bridges, harbor berths and 

pre-stressed or pre-manufactured elements of various types. Using crushed glass is an 

innovative method of producing lightweight concrete according to American Concrete 

Institute "ACI-130-A Materials for Concrete". Also, the utilization of crushed glass with 

other quality supplementary cementing materials such as: fly ash, silica fume and Nano 

silica (SiO2) can provide high compressive resistance. High-Performance Light-Weight 

Concrete (fc = 55–70 MPa, rc = 1900 kg/m3) is increasingly considered as a viable 

alternative to ordinary and high-performance concrete whenever the size and the 

slenderness require the reduction of the structural self-weight, and – at the same time – the 

durability has to be guaranteed under the most severe environmental conditions. The 

effects of high temperature on the mechanical properties of concrete have been investigated 

since the middle of the 20 century. The fire resistance capacity of concrete is complicated 

because not only is it a composite material with components having different thermal 

characteristics, it also has properties that depend on moisture and porosity. One of the main 

purposes of this study is to investigate the effect of experimental parameters on 

compressive strength and crack characteristics of structural lightweight concrete after 

exposed to high temperature.  

 

 

2. Experimental study 

2.1 Materials 

2.1.1 Cementitious materials 

ASTM Type I  (CEM I 42.5N) Portland cement with specific gravity of 3.15 and Blaine 

fineness of 3519 cm2/g meeting the requirement of E.N 197-1/2011 was used. 

2.1.2 Aggregates 

Crushed glass was used to produce the lightweight concrete as a coarse aggregate with a 

specific gravity of 1.9, grain size was between 4.75 to 19 mm and water absorption by 

mass of 16.5%. Crushed glass was tested to ASR by immersing in 1N NaOH solution at 

80° C according to mix proportion BS 812-123, the result was negative. Dolomite was used 

to produce the normal concrete. Natural siliceous sand with specific gravity 2.6, volumetric 
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weight of 1.7 t/m3 and fineness modulus of 2.6, was used as a fine aggregate. The 

properties are presented in table and sieve analysis presented in table 2. 

Table (1): The Physical Properties of crushed glass 

Unit weight 

 kg/m3 
Specific gravity 

24 h water 

absorption: % 
Description 

1080 1.9 16.5 Crushed glass 

Table (2): Sieve analysis of crushed glass 

2.36 4.75 9.5 13 19 Sieve size (mm) 

8 29 73 94 100 % 

 

2.1.3 Admixtures 

In this study, Sika Viscocrete 3425 was used as a viscosity enhancing agent (VEA) as a 

chemical admixture to reduce the ratio of water in mix proportions. Nano silica was used in 

the mix proportions as a pozzolanic admixtures to improve the compressive strength for 

concrete.  

2.2 Mix Proportions  

The mix proportions of each mix were calculated by assuming that all its ingredients have 

to produce a cubic meter of concrete. In mixtures containing. In mixtures containing Nano 

Silica 2.5% of Portland cement by weight were replaced with Nano silica. The 

superplasticizer (VEA) was used to improve the workability. Table 4 shows the materials 

quantities for each mix and The density of the used materials of the mixes design. 

According to Mix ID: NC, LWC, and NS pointed to normal concrete, lightweight concrete, 

and Nano silica respectively. Besides, the number represented the ratio of admixtures in the 

mix design. 

Table (3): Mix design (Proportions) 

Mix ID w/c 
Cement 

Fine 

agg. 

Coarse 

agg. 

Fly 

Ash 

Nano 

SiO2 

Silica 

Fume 
VEA Density 

kg/m
3
 

NC0 0.3 450 500 1190 0 0 0 1.5 2276.5 

LWC0 0.3 450 500 800 0 0 0 1.5 1886.5 

LWCNS2.5 0.3 450 500 800 0 11.25 0 1.5 1897.75 
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2.3 Tested Specimens and parameters  

The experimental specimens were 90 cubes to determine the hardened state of concrete. 

The cubic specimens (150 × 150  × 150 mm) were prepared to determine the compressive 

strength, shown in Fig.(1).  

 

Fig. (1): Preparing and Casting of samples 

 

To study the above-mentioned issues three mixes of normal and lightweight concrete were 

made and tested. The lightweight aggregates used were in compliance with the standard 

ASTM C330 and determination of the lightweight aggregate concrete mixing ratio was 

based on standard ACI 211.2. Measuring, mixing, transporting, and placing operations for 

lightweight concretes are similar to the procedures for normal weight concrete. However, 

there are certain differences, especially in proportioning and batching procedures that 

should be considered to produce a fin- finished product of the highest quality. In this study, 

more than 90 concrete samples have been tested. Slump flow, slump loss and compaction 

factor are the tests to determine the fresh properties. Compressive strength is the test to 

determine the hardened properties. The tests were made in HRBC, Egypt. 
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3. Test Results and Analysis 

3.1 characteristics of concrete for fresh state  

- Slump Loss Test 

 

 
 

Fig. (2): Slump loss  

- NC0 is the highest value of slump, but LWCNS2.5 is the lowest value of Slump 

loss due to its pozzolanic properties or the nano silica. 

 

Fig. (3): Compaction factor for Group  

- NC0 is the highest value of Compaction factor, but LWC0 is the lowest value of 

Compaction factor due to its lightweight. 

3.2 characteristics of concrete for hardened state  

- Compressive strength test 

0

10

20

30

40

50

60

70

80

90

0 min 15 min 30 min 45 min 60 min

S
lu

m
p
 (

m
m

) 

Time (min) 

NC0
LWC0
LWCNS2.5

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

NC0 LWC0 LWCNS2.5

C
o
m

p
ac

ti
o
n
 F

ac
to

r 



63 
 

 

Fig. (4): Compressive Strength Before expose to temperature 

- LWCNS2.5 is observed has the same behavior of normal weight concrete in the 

hardened state that scored 26 MPa, where NC0 is scored 27.5 MPa, Fig. (5). 

present the failure mode. 

 

    

Fig. (5): the failure mode. 

- Compressive strength test after temperature exposed 
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Fig. (6): Compressive Strength after temperature of 300 °C for 2hr  

- LWCNS2.5 was scored a nearly values of normal weight concrete, Nano silica 

enhancing the properties of concrete in the critical states such as temperature. 

 

 
Fig. (7): Compressive Strength after temperature of 500 °C for 2hr  
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Fig. (8): Compressive Strength after temperature of 300 °C for 3hr  

 

Fig. (9): Compressive Strength after temperature of 500 °C for 3hr  

- For the previous curves, it is noticed that in case of temperature the compressive 

strength is decreased, but LWCNS2.5 has the same behavior of normal weight 

concrete in the hardened state. 
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4. Conclusion 

1. Lightweight concrete using crushed glass as the main coarse aggregate with Nano silica 

by a ratio of 2.5% with a density of 1850 kg/m3 can behave structurally almost the 

same manner as the normal weight concrete that density of 2250 kg/m3 by using the 

dolomite as the coarse aggregate. 

2. Early age strength could be improved by adding Nano silica particles. 

3. Nano silica is improving the compressive strength for the lightweight concrete by 

18.6%. 

4. High temperatures can be divided into distinct ranges in terms of effect on concrete 

strength in the range of 300-500. Until 500C, an increase in strength was observed in 

LWCNS2.5 and a slight decrease observed, air-cooled concrete maintained 80% of 

original strength, while an average loss of 30% strength was observed in water-cooled 

specimens.  
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