
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772             Published BY AENSI Publication 

EISSN: 1998-1090               http://www.aensiweb.com/ANAS  

2016 Special 10(14): pages 249-263             Open Access Journal  

 

To Cite This Article: R. Balaraman and K.R. vinodh., An Experimental Study On Partial Replacement Of Cement As Glass 
Powder With Polypropylene Fibre. Advances in Natural and Applied Sciences. 10(14); Pages: 249-263 

 

An Experimental Study On Partial 

Replacement Of Cement As Glass Powder 

With Polypropylene Fibre 
 
1R. Balaraman and 2K.R. vinodh 

 
1,2Assistant Professor, Department of Civil Engineering, Jerusalem College of Engineering, Chennai – 600100 
 

Received 7 June 2016; Accepted 12 October 2016; Available 20 October 2016 

 
Address For Correspondence: 

R. Balaraman, Assistant Professor , Department of Civil Engineering, Jerusalem College of Engineering, Chennai – 600100 

E-mail: balaramanranga@gmail.com 

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 

 

 

ABSTRACT 
It is well known that Portland cement production is an energy-intensive industry, being responsible for about 5% of the global 

anthropogenic carbon dioxide emissions worldwide. An important contribution to sustainability of concrete and cement industries 

consists of using pozzolanic additions, especially if obtained from waste such as waste glass. Crushed waste glass was ground 

(WGP) and used in concrete as a partial cement replacement (0%, 10%, 20%, 30%, and 40%) material to ascertain applicability in 

concrete. While the replacement limit exceeds the allowable limit polypropylene fibers are to be added to give additional strength 

and bonding to the concrete. The use of polypropylene fibres in concrete is to reduce the crack width, crack propagation, plastic 

shrinkage cracks and settlement cracking during the early age of the concrete. The polypropylene fibres will be distributed 

randomly throughout the concrete at the time of mixing. An extensive experimental program was carried out including flexural 

strength, compressive strength, split tensile strength. 

 

KEYWORDS: Portland cement, waste glass, polypropylene fibers, flexural strength, compressive strength, split tensile 

strength. 
 

INTRODUCTION 
 
1.1 General: 

Concrete is the most widely used building material in the world because of its strength and durability, 
among other benefits. And in an era of increased attention on the environmental impact of construction, concrete 
performs well when compared to other building materials. As with any building product, production of concrete 
and its ingredients does require energy that in turn results in the generation of carbon dioxide, or CO2. 

CO2 is the chemical formula for carbon dioxide, a gas which exists in relatively smallamounts (380 parts 
per million or ppm) in our atmosphere. Ingeneral, it is exhaled by human and animals and utilized by plants 
during photosynthesis. Additionally, carbon dioxide is created by the combustion of fossil fuels or plant matter, 
among other chemical processes. Carbon dioxide is one of several greenhouse gases that can cause global 
warming by trapping the Sun’s radiant energy in our atmosphere. This process is called the greenhouse effect. 
Greenhouse gases include water vapor (36-70%), carbon dioxide (9-26%), methane (4-9%) and ozone (3-7%), 
among others. The percentages indicate the approximate range of the greenhouse effect resulting from these 
greenhouse gases. Water vapor, the most abundant greenhouse gas, is not affected by human activity. 

Global warming is the increase in the average temperature of the Earth's atmosphere andoceans as a result 
of the buildup of greenhouse gases in our atmosphere. Global warming issometimes called climate change. 
Greenhouse gases can either be released by natural events such as volcanic eruptions or human activity such as 
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deforestation or burning fossil fuels to manufacture products, power our cars and trucks, or to create the energy 
to heat and cool the homes we live in and the buildings we work in. Livestock, agriculture, landfill emissions 
and use of chlorofluorocarbons in refrigeration systems are other sources of greenhouse gases resultingfrom 
human activity. Many scientists believe global warming will cause a rise in sea level, increase the intensity of 
extreme weather, and change the amount and pattern of precipitation. Other effects could include changes in 
agricultural yields, glacier retreat, species extinctions and increases in disease. These effects could severely 
impact the Earth’s ability to support life. 

Reuse of post-consumer wastes and industrial byproducts in concrete is necessary to produce even 
“greener” concrete. Use of coal ash, rice-husk ash, wood ash, natural pozzolans, GGBFS, silica fume, and other 
similar pozzolanic materials can reduce the use of manufactured Portland cement clinker; and, at the same time, 
produce concrete that is more durable. “Greener” concrete also improves air quality, minimizes solid wastes, 
and leads to sustainable cement and concrete industry. 

The use of solid waste materials or industrial by-products as partial replacement for cement in concrete is a 
viable strategy for reducing the use of Portland cement and hence making concrete production environmentally 
friendly and energy efficient. Glass, which is rich in amorphous silica, has the proper chemistry and reactivity to 
enter pozzolanicreactions with the lime released during hydration of cement these reactions can yield 
highlystable end products with desired binding qualities. 

Past efforts to recycle waste glass in concrete have focused on the use of crushed glass as replacement for 
aggregate in concrete. These efforts neglected the reactive nature of glass in concrete, which was slowed down 
due to the relatively large (millimeter-scale) size of glass particles. Such long-term reactions proved to be 
detrimental to the long-term stability of concrete incorporating relatively large (crushed) glass particles. Milling 
of glass to micrometer- scale particle size, for accelerating the reactions between glass and cement hydrates, can 
bring about major energy, environmental and cost benefits when cement is partially replaced with milled waste 
glass for production of concrete. It has been reported that recycling of each ton of glass saves over one ton of 
natural resources, and recycling of everysix tons of container glass results in the reduction of one tone of carbon 
dioxide emission. Most of existing studies recommend that waste glass can be used only as fine powders. Fine 
particles of glass usually present pozzolanic activity beneficial to the concrete while coarse particles are usually 
deleterious to concrete due to Alkali-Silica Reaction(ASR).Fine glass powder have been used effectively in 
blended cement binders and cementitous concrete. 

Portland cement concrete is considered to be a relatively brittle material. When subjected to tensile stresses, 
non-reinforced concrete will crack and fail. Since mid-1800's steel reinforcing has been used to overcome this 
problem. As a composite system, the reinforcing steel is assumed to carry all tensile loads. The problem with 
employing steel in concrete is that over time steel corrodes due to the ingress of chloride ions. Large amount of 
coastal area exists; chlorides are readily available for penetration into concrete to promote corrosion, which 
favors the formation of rust. Rust has a volume between four to ten times the irons, which dissolves to form it. 
The volume expansion produces large tensile stresses in the concrete, which initiates cracks and results in 
concrete spalling from the surface. More recently micro fibers, such as those used in traditional composite 
materials have been introduced into the concrete mixture to increase its toughness, or ability to resist crack 
growth FRC is Portland cement concrete reinforced with more or less randomly distributed fibers. In FRC, 
thousands of small fibers are dispersed and distributed randomly in the concrete during mixing, and thus 
improve concrete properties in all directions. 

Reinforcing the concrete structures with fibers such as polypropyleneis one of the possible ways to provide 
low shrinkage, good thermal expansion, substantial modulus of elasticity, high tensile strength, improved fatigue 
and impact resistance. 
 
2.Literature Review: 
2.1. Review Of Previous Work:[10] 

This journal says, 
� In this paper, a parametric experimental study for producing paving blocks using fine and coarse waste 

glass is presented. 
� The chemical reaction between the alkali in Portland cement and the silica in aggregates forms silica 

gel that not only causes crack upon expansion, but also weakens the concrete and shortens its life. 
� Ground waste glass was used as aggregate for mortars and no reaction was detected with fine particle 

size, thus indicating the feasibility of thewaste glass reuse as fine aggregate in mortars and concrete. 
� Recently, some studies are carried out to suppress the ASR expansion in concrete and find method to 

recycle waste glasses. The concrete containing 20% waste glass reduced the expansion ratio by 40%. Shayan 
and Xu reported fine glass powder for incorporation into concrete up to 30% as a pozzolanic material 
suppressed the ASR. 

� The white windows glass as waste is supplied from windows glass market as broken. Then, FG and CG 
are produced by using Los Angeles abrasion apparatus. 
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� It I reported in the earlier works the replacement of FG by FA at level of 20% by weight suppress the 
alkali-silica reaction (ASR) in the concrete. 

� The test results showed that the FG at level of 20% had a potential to be used in the production of 
paving blocks. 

� The compressive strength, flexural strength, splitting tensile strength and abrasion resistance of the 
paving blocksamples in the FG replacement level of 20% are 69%, 90%, 47% and 15 % higher as compared 
with the control sample respectively.[5] 

This journal says, 
� The purpose of this work is the study of the use of waste glass obtained from crushed containers and 

building demolition as partial Portland cement replacement in mortar and concrete. 
� In this context, a study of the pozzolanic activity of two types of glass clear and green coloured, with 

varying the particle size of the ground waste glass in the ranges: 100 and 80μm, 80 and 40μm and lower than 
40μm, was made. 

� The waste glass used in this study is a typical soda-lime glass obtained from recycled containers. Green 
and clear glasses which are the main colours. 

� The X-ray fluorescence analysis is conducted on a ARL 8400 apparatus to determine the chemical 
composition of cement, glass and silica fume. The particle size distribution of these raw materials is measured 
by using a laser particle size analyser (CILAS 920) and their specific surface by Blaine method. The 
crystallinity of the glass is examined using X-ray diffraction technique 

� The pozzolanic activity is assessed by three methods: 
• Chemical method :one gram of glass powder is mixed with 1g of CaO and 200 ml of water. The 

suspension is boiled for 16 h and the free Ca(OH)2 is determined by means of sucrose extraction and titration 
with a HCl solution. 

• Mechanical method (pozzolanic reactivity index): the pozzolanic activity of both glasses with different 
finenesses is evaluated according to ASTM C311 test method. In the test mixtures, 20% of the mass of the 
cement is replaced by glass powder or silica fume. The water-to-cement ratio for pure Portland cement 
(reference) is 0.485 as specified in ASTM C311. The water-to-cement ratio for other mixtures containing silica 
fume and ground glass are tested to reach the same flow than that of the reference.  

• Physical method: differential scanning calorimetry (NETSCH TA DSC 204) is carried out on pastes 
composed of 25% wtCa(OH)2, 75% wt ground glass with a water/binder ratio equal to 0.60 in order to measure 
the remaining Ca(OH)2 , after 7 and 28 days curing.  

� In agreement with ASTM C618-02, which requires a sum of SiO2+Al2O3+Fe2O3 higher than 70%for 
good pozzolan. 

� ASTM C618-02 recommends that a pozzolan must have a minimum strength activity index of 75%. As 
prescribed by ASTM C 311 strength activity index is defined as:  

 Strength Activity Index (SAI) = (A/B) x 100  
 Where, 
 A = average compressive strength of blended cement mortar bars  
 B = average compressive strength of control mortar bars 
� The mortars made with the glass fraction lower than 40μm satisfy the minimum strength requirement at 

7 days and continue to increase after additional 21 days in water curing. 
� On the contrary, the strength activity indexes of (100-80cm) and (80-40cm) mixtures are lower than the 

limit imposed by the norm (75%) because the size of these glasses is too coarse to serve as a pozzolan. 
� As expected, the mixture containing silica fume, exhibits high pozzolanic activity (SAI = 98%) 
� The effect of glass fineness on the pozzolanic activity was confirmed by preparing a mortar containing 

a finer glass fraction, lower than 20cm. The obtained strength activity index was 94%. 
� the green waste glass finer than 40m has a strength activity index of 82% while the clear waste glass 

with the same fineness, developed only 75%. 
� The pozzolanic activity of waste glass can be improved by grinding. Indeed the strength activity index 

was considerably improved and became comparable to that of silica fume by reducing the glass particle size 
under 20cm. [8] 

This journal says, 
� This study outlines the use of such recycled glass as a binder and fine aggregate replacement and 

details workability and strength development of concrete containing glass as partial replacement of traditional 
materials. 

� The glass powder is being used for partial binder replacement in proportions of 10%, 20% and 30% 
binder replacement  

� whereas the processed glass is being used for 100% replacement of fine aggregate. 
� The coarse aggregate component of the concrete is standardised at 10mm crushed limestone. 
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� The glass being utilized in this research project is derived from postconsumer container glass, end of 
life vehicle (ELV) glass and architectural glass. 

� Incorporating crushed glass into the concrete mix in lieu of the natural sand, workability became 
impaired significantly when compared to the control mix. Several factors have been considered in this respect 
and this phenomenon can be attributed in part to: 

• The angular interlocking nature of the particles 
• Suction between the larger particles on the addition of water 
� Strength development of the concrete containing 100% crushed glass as the fine aggregate component 

of the mix compared favourably with that of the control at the same age.  
� The control at 28 days achieved a compressive strength of 49.1N/mm2whereas the concrete containing 

glass aggregate achieved a compressive strength of 49.5N/mm2. 
Glass powder exhibits pozzolanic properties but is dependent upon fineness of the powder.[2] 
This journal says, 
� Depending on the size of the glass particles used in concrete, two antagonistic behaviors can be 

observed: alkali-silica reaction, which involves negative effects, and pozzolanic reaction, improving the 
properties of concrete. 

� Two parameters based on standardized tests were studied:  
• Pozzolanic assessment by mechanical tests on mortar samples. 
• Alkali-reactive aggregate characteristics and fines inhibitor evaluations by monitoring of dimensional 

changes.  
� It is shown that there is no need to use glass in the form of fines since no swelling due to alkali-silica 

reaction is recorded when the diameter of the glass grains is less than 1mm. 
� The aim of this study is to recycle glass in cement-based materials by combining fine and coarse 

glassparticles, leading to a decrease in the crushing energy used. It is assumed that it is possible to 
takeadvantage of the beneficial activity of fine particles to counteract the deleterious effect of coarse grains. 

� The glass used in this study was bottle soda-lime silica glass of mixed colors, coming from the 
Unicalgroup (Canada). 

� The cement used was a Portland cement, the aggregate was a non-reactive marble sand having a 
density of 2.7 g/cm3. 

� Thus glass powders and typical pozzolans, such as fly ash or silica fumes, could probably be classified 
in the same category and their activity as ASR-reducers might be explained using the same mechanisms as 
proposed for pozzolans 

� A decrease in the permeability of the concrete and thus in the ionic mobility, leading to a reduction of 
the migration of alkalis towards the reactive aggregate. 

� An improvement in the strength of the cement paste and a consequently higher resistance to 
theexpansive stresses due to ASR-gels. 

� Only glass classes of more than that of 1mm gave expansions related to alkali-silica reaction. 
� The use of glass fines led to the reduction of mortar expansion due to coarse particles; moreover,fines 

increased the compressive strength of mortars.[17] 
This journal says, 
� This paper reviews glass chemistry, alkali-silica reaction mechanism, expansion of concrete containing 

glassaggregates, and microstructure of the interfacial transitional zone between cement paste and glass particles. 
� The control of expansion and cracking of concrete with glass aggregates isstill the main concern for 

application and the focus of investigations. 
� Several publications still stated that the expansion of cement concrete containing mixed waste glass 

aggregate was due to the reaction between glass aggregates and alkalis from cement, like traditional alkali-silica 
reactions (ASRs). 

� Alkali-aggregate reaction _AAR_ is a reaction where certain rock types used as aggregate in concrete 
react with alkalis in the cement paste to form new products. 

• Alkali-Silica reaction (ASR) 
• Alkali-carbonate reaction (ACR) 
� Container glasses can be corroded very easily in alkaline environments.During concrete mixing, the 

high concentration of OH- in the solution attacks the surface of the glass in concrete very quickly.Na-O and Ca-
O bonds are much weaker than Si-O bonds, asNa and Ca in the glass particles are dissolved first, followed by 
the depolymerization of silicate network in the glass. 

� The incongruent dissolution of glass forms a layer of silica rich “in situ N-C-S-H gel” that creates an 
electrical double layer at the surface. When _SiO_OH_3_− in the solution makes contact with Na+ and Ca2+, 
they combine and form N-C-S-H, which precipitates on the surface of glass particles. 
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� The silica rich in-situ N-C-S-H gel and “precipitated N-C-S-H gel” form reaction rings around the glass 
particles. The rings also acts as a barrier to slow down the corrosion of the glass particles.However, the OH− in 
the solution diffuses through the corroded layer and continues to attack the glass. 

� The chemical composition of both the in-situ N-C-S-H gel and the precipitated N-C-S-H gel is 
dependent on many factors such as the chemical composition of the cement, glass particle, reaction temperature, 
water to cement ratio, age. 

� When water is present, these gels will absorb water and expand. 
� However, if the glass particles are very small, the alkali to calcium ratio will be lower; The N-C-S-H 

gel will not have much expansive property. Several publications have confirmed that the glass particles 
themselves exhibited very limited expansion when they are smaller than 300 µm. 

� High pH is the first necessary condition for soda-lime glasses to be corroded and to form N-C-S-H. The 
pH of Ca(OH)2saturated solution is around 12.4 at 20 °C.It is necessary to control the pH of the concrete under 
12 in order to avoid deleterious expansion and cracking of the concrete containing large glass particles.[4] 

This journal says, 
� The ideal durable repair material should have low shrinkage, good thermal expansion, substantial 

modulus of elasticity, high tensile strength, improved fatigue and impact resistance. Reinforcing the concrete 
structures with fibers such as polypropylene is one of the possible ways to provide all the criteria of the durable 
repair material. 

� More recently micro fibers, such as those used in traditional composite materials have been introduced 
into the concrete mixture to increase its toughness, or ability to resist crack growth. 

� Polypropylene fibers are added to the concrete in several different forms and by using various 
techniques. The fibers can be incorporated into concrete as short discrete chopped fibers, as a continuous 
network of fibrillated film, or as a woven mesh. 

� virginPolypropylene fiber designed specifically to provide concrete with protection against early age 
crack formation. 

� When added to concrete during mixing, the fibers disperse uniformly and produce a three dimensional 
network of micro-reinforcement. 

� It may be added with the coarse and fine aggregate at the batch plant, with the other ingredients, no 
additional mixingtime is required. 

� FRCs are used in civil structures where corrosion can be avoided at the maximum. 
� Polypropylene fiber -12 mm stable length 
� The construction with fiber has very high compressive strength. This is due to the anisotropic 

characteristics of polyproyelene fiber. 
� Flexural strength experiment indicated that the flexural strength of construction with FRC has 32.7% 

higher than that of construction without FRC. The reason for this great improvement is due to the formation of 
3D structure between fiber, cement and other ingredients.[14] 

 
Material 100% virigin fiber 
Diameter 35µm 
Length 12mm 
Tensile strength 1000MPa 
Modulus of elasticity 17250 N/mm2 
Specific gravity 1.36 
Dispersion Excellent 
Acid resistance Good 
Thermal conductivity Low 

 
This journal says, 
� Glass is an non-biodegradable (remains in our environment) and do not decompose easily by itself 

therefore do not have significant environmental and social impact could result inserious impact after disposal.  
� The purpose of this investigation was to evaluate the effect of partial replacement of cement by waste 

glass powder(GP) on strength of concrete specimens. 
� Waste glass contain high silica(SiO2) i.e. 72%. Waste glass when ground to a very fine powder(600µ) 

SiO2 react with alkalis in cement(pozzolanic reaction) and cementitious product that help contribute to the 
strength development and durability. 

� When concrete contain waste glass powder gives higher percentage of C2S, Low C3A, 
C3AF,C3S content which result in produce less heat of hydration and offers greater resistance to the attack. 
� It is recommended that the utilization of waste glass powder in concrete as cement replacement is 

possible. 
� Higher strength was achieved when 20% cement was replaced by glass powder in concrete. 
� Use of super plasticizer was found to be necessary to maintain workability with restricted water cement 

ratio. 
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� The highest percentage increase in the compressive strength was about 30% and flexural strength was 
about 22% at 20% replacement level.[14] 

This journal says, 
� This study presents investigation of workability of concrete containing waste glass powder as 

pozzolana.  
� Cement replacement by glass in the range of 5 % to 40% in increments of 5 percentages (0%, 5%, 

10%, 15%, 20%25%, 30%, 35%&40%) has been studied. 
� While the benefits of incorporating fly ash, ground granulated blast furnace slag, and silica fume in 

concrete are well known, the past few years have witnessed an increase in attentiontowards the use of finely 
divided glass powder as a partial cement replacement material. 

� Waste glass when ground to a very fine powder shows pozzolanic properties as it contains high SiO2 
and therefore to some extent can replace cement in concrete and contribute in strength development. 

� Ordinary Portland Cement (OPC) 43 grade, locally available sand and coarse aggregates were used in 
this experiments. 

� Mix design carried out form M20 grade of concrete by IS 10262: 2009 yielded a mix proportion of 
1:2.35:4.47 with water cement ratio of 0.5043 concrete was prepared 

according to the mix proportion and by replacing cement with glass powder in different proportion and 
found workability. 

� Workability decreases as the glass content increased (i.e. cement content decreased) due to reduction of 
fineness modulus of cementatious material as shown in Fig2. 

� Use of super plasticizer was found to be necessary to maintain workability with restricted water cement 
ratio. 

PitiSukontasukkul (2004), ‘Toughness Evaluation of Steel and Polypropylene Fibre Reinforced Concrete 
Beams under Bending’, Journal of Science and Technology, Volume:9, Issue No:3, pp.35-41. 

� This paper presents two different methods (ASTM C1018 and JSCE SF-4) are used to measure the 
toughness of steel and polypropylene fibre reinforced concrete subjected to bending. Results indicated that in 
the JSCE method, the information obtained by only one specified deflection toughness seemed to be insufficient 
in reflecting the characteristics of the load deflection curves of both FRCs. On the other hand, in the ASTM 
method, the obtained information using the four toughness values at different deflections appeared to better 
clarify the characteristics of both FRCs.  

O.Alidoust,I.Sadrinejad and M.A.Ahmadi (2007), ‘A Study on Cement Based Composite Containing 
Polypropylene Fibres and Finely Ground Glass Exposed to Elevated Temperatures’, Journal of Science, 
Engineering and Technology, Volume:34, Issue No:2,pp.162-167. 

� High strength concrete has been used in situations where it may be exposed to elevated temperatures. 
When cement based composite that reinforced by polypropylene fibres heated up to 170oC, polypropylene fibres 
readily melt and volatilize, creating additional porosity and small channels in to the matrix that cause the poor 
structure and low strength. This investigation develops on the mechanical properities of mortar incorpating 
polypropylene fibres exposed to high temperature.  

� The specimens were produced by partial replacement of cement with finely ground glass, silica fume 
and rice husk ash as high reactive pozzolans. A lot of mixtures with 0%,0.5%,1% and 1.5% of polypropylene 
fibres were cast and tested for compressive and flexural strength. After that specimens being heated to 
temperatures of 300,600oC respectively, the mechanical properties of heated samples were tested.  

VitoldasVaitkevičius, EvaldasŠerelis, HaraldHilbig“ The effect of glass powder on the microstructure of 
ultra high performance concrete” Construction and Building Materials, Volume 68, Issue null, Pages 102-109 

This journal says about, 
� Glass powder prepared of various types of recycled bottles was used in ultra-high performance 

concrete (UHPC). 
� Experimental investigation of glass powder as complete replacement for quartz powder and silica fume 

showed that UHPC with improved micro-structural and compressive strength properties can be prepared.  
� Glass powder milled to micro-scale undergoes low pozzolanic reaction and acts as catalyst accelerating 

the dissolution of clinker phases and forms low basicity calcium silicate hydrate (C–S–H). 
� These reactions give positive effect on mechanical and microstructural properties of UHPC. 

Microstructural investigation was made by mercury intrusion porosimetry (MIP), X-ray diffraction (XRD) 
analysis and bySi MAS NMR analysis. Experimental results revealed that additional compressive strength of 
40 MPa can be gained with combination of glass powder. 

 “Using lithium nitrate and pozzolanic glass powder in concrete asASRsuppressors”Cement and Concrete 
Composites, Volume 30, Issue 6, Pages 497-505 Bashar Taha, GhassanNounu 

This journal says about, 
� This investigation studies the influence of two different mineral admixtures, lithium nitrate (Li) and 

pozzolanic glass powder (PGP) on the expansion induced by alkali-silica reaction (ASR). 
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� Four numbers of concrete prisms were produced for each concrete mix to measure the expansion 
resulted from the ASR according to the test method of the BS 812-123:1999. Chemical analysis was performed 
using X-ray spectra.  

� Test results confirmed that Li and PGP have significantly reduced the ASR expansion. Lower calcium 
to silica ratio (Ca/Si) was found in concrete mix contains (PGP) because of the high amorphous reactive silica 
and low calcium content in PGP compared to ordinary Portland cement CEM1. 

� Similar components and minerals phases were obtained in different concrete mixes by using XRD. 
Nathan Schwarz, Hieu Cam, Narayanan Neithalath “Influence of a fine glass powder on the durability 

characteristics of concrete and its comparison to fly ash”Cement and Concrete Composites, Volume 30, Issue 6, 
Pages 486-496. 

This journal says about , 
� A detailed investigation carried out to ascertain the durability characteristics of fine glass powder 

modified concretes is reported in this paper.  
� Tests were designed to facilitate comparisons between concretes modified with either glass powder or 

fly ash at the same cement replacement level.  
� The optimal replacement level of cement by glass powder is determined from strength and hydration 

tests as 10%. The later age compressive strengths of glass powder and fly ash modified concretes are seen to 
differ by only 5%.  

� The durability characteristics are ascertained using tests for rapid chloride permeability, alkali–silica 
reactivity, and moisture transport parameters. The chloride penetrability values indicate some amount of pore 
refinement.  

� The potential of glass powder to reduce the expansion due to alkali–silica reaction is established from 
tests conducted in accordance with ASTM C 1260, but fly ash is found to perform better at similar replacement 
levels. 

� Glass powder–fly ash blends that make up a 20% cement replacement level are found to be as 
efficient as 20% fly ash in reducing expansion. The control concrete is seen to exhibit the lowest overall 
moisture intake after 14 days of curing, and fly ash concrete the highest, with the glass powder concrete in 
between. 

� The trend is reversed at later ages, demonstrating that both the replacement materials contribute to 
improved durability characteristics. The sorptivity and moisture diffusion coefficient values calculated from the 
moisture intake-time data also demonstrate a similar trend. These studies show that fine glass powder has the 
potential to improve the durability of concretes. 

RahmatMadandoust, Reza Ghavidel“Mechanical properties of concrete containing waste glass powder and 
rice husk ash” Biosystems Engineering, Volume 116, Issue 2, Pages 113-119 

This journal says about, 
� The objective was to make use of the combination of waste glass powder (GP) and rice husk ash 

(RHA) as replacement for Portland cement. Hybrid mixtures containing 0–20% GP and 0–20% RHA were 
prepared. 

� The best values of replacements by GP and RHA, based on the 28-days compressive strength and 
strength activity index, were determined as 10% and 5%, respectively. From these results, the properties of 
hybrid concrete tended to increase with age due to the development of higher pozzolanic activity. The results 
also revealed good evidence that both GP and RHA can be used together in concrete without any adverse 
effects. 

Ana Mafalda Matos, Joana Sousa-Coutinho“Durability of mortar using waste glass powder as cement 
replacement”Construction and Building Materials, Volume 36, Issue null, Pages 205-215 

� It is well known that Portland cement production is an energy-intensive industry, being responsible for 
about 5% of the global anthropogenic carbon dioxide emissions worldwide. An important contribution to 
sustainability of concrete and cement industries consists of using pozzolanic additions, especially if obtained 
from waste such as waste glass. 

� Crushed waste glass was ground (WGP) and used in mortar as a partial cement replacement (0%, 10% 
and 20%) material to ascertain applicability in concrete. 

� An extensive experimental program was carried out including pozzolanic activity, setting time, 
soundness, specific gravity, chemical analyses, laser particle size distribution, X-ray diffraction and scanning 
electron microscopy (SEM) on WGP and resistance to alkali silica reaction (ASR), chloride ion penetration 
resistance, absorption by capillarity, accelerated carbonation and external sulphate resistance on mortar 
containing WGP. 

� Glass particles well encapsulated into dense and mature gel observed by SEM, may help explaining 
enhanced durability results and thus confirming that waste glass powder can further contribute to sustainability 
in construction. 
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2.2 The Need For Present Study: 
From the literature review, I have inferred that up to 20% we can replace cement with glass powder and can 

get higher strength values than control specimens. In my work trails are to be made to further increase the 
replacement limit of cement with glass powder by adding polypropylene fiber. 

I have done literature survey and to cast cubes, cylinders and beams. Trails are made for 0%, 20%, 
30%,40%.While the replacement limit exceeds the allowable limit polypropylene fibers are to be added .The use 
of polypropylenefibres in concrete is to reduce the crack width, crack propagation, plastic shrinkage cracks 
,bonding and settlement cracking during the early age of the concrete. For that, 24 no. of cubes are to be cast and 
test it at 7 days and 28days under compression testing machine, and 12 no. of beams are to be cast which is test 
it at 28days under two point loading. 

 
3 Construction Materials: 
Materials used: 

 
• ordinaryPortland cement. 
• Fine aggregates. 
• Coarse aggregates. 
• Water. 
• Glass powder. 
• Polypropylene fibre 

 
3.1.1.Cement: 

Cement is used right from ancient periods in construction industry. In the most general sense of the word, a 
cement is a binder, a substance which sets and hardens independently, and can bind other materials together. 
The word "cement" traces to the Romans , who used the term "opus caementicium" to describe masonry which 
resembled concrete and was made from crushed rock with burnt lime as binder. The volcanic ash and pulverized 
brick additives which were added to the burnt lime to obtain a hydraulic binder were later referred to as 
cementum, cimentum, and cement. Cements used in construction are characterized as hydraulic or non-
hydraulic.The most important use of cement is the production of mortar and concrete - the bonding of natural or 
artificial aggregates to form a strong building material which is durable in the face of normal environmental 
effects. 
 
Ordinary Portland cement: 

Ordinary Portland cement (OPC) is manufactured by the inter grinding of OPC clinker with 10 to 25 
percent of pozzolanic material (as per the latest amendment, it is 15 to 35 %). A pozzolanic material is 
essentially a silicious or aluminous material which while in itself possessing no cementitious properties, which 
will, in finely divided form and in the presence of water react with calcium hydroxide, liberated in the hydration 
process at ordinary temperature to form compounds possessing cementitious properties. The pozzalanic 
materials generally used for manufacture of PPC are calcined clay (IS 1489 part 1 of 1991). Fly ash is a waste 
material, generated in the thermal power station, when powdered coal is used as a fuel. These are collected in 
the electrostatic precipaitator. It is called pulverized fuel ash in U.K. 

It may be recalled that calcium silicates produce considerable quantities of calcium hydroxide, which is by 
and large a useless material from the point of view of strength or durability. If such useless mass could be 
converted into useful cementitious product, it considerably improves the quality of concrete. The use of fly ash 
performs such a role.  

The pozzolanic action is shown below: 
Calcium hydroxide + pozzolana + water� C-S-H (gel) 
Portlandpozzalana cement produce less heat of hydration and offers greater resistance to the attack of 

aggressive water than ordinary Portland cement. Moreover, it reduces the leaching of calcium hydroxide when 
used in hydraulic structures. It is particularly useful in marine and hydraulic construction and other mass 
concrete constructions. Portlandpozzolana cement can generally be used where ordinary Portland cement is 
usable, however, it is important to appreciate that the addition of pozzolana does not contribute to the strength at 
early ages. Strength similar to those of ordinary Portland cement can be expected in general, only at later ages 
provided the concrete is cured under moist conditions for a sufficient period. In India there is apprehension in 
the minds of the user to use Portlandpozzolana cement for structural works. It can be manufactured by using the 
right type of reactive pozzolanic material, the Portlandpozzolanic cement will not be in any way inferior to 
ordinary Portland cement except for the rate of development of strength up to 7 days. It is only when inferior 
pozzolanic materials, which are not of reactive type and which do not satisfy the specifications limit for 
pozzolanic materials, are used the cement would be of doubtful quality. 

The reaction can be shown as 
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Pozzolana + calcium hydroxide + water
This reaction is called pozzolanic reaction.
Other mineral admixtures, like finely ground marble, quartz, granite powder are also used. They neither 

exhibit the pozzolonic property nor the cementitious properties. They just act as the inert filler.
 
3.1.2. Water: 

Water is an important ingredient of concrete as it strengthens cement gel, the quantity and quality of water 
is required to be looked into very carefully.
 
3.1.3. Aggregates: 
3.1.3.1. Sand: 

Normally river sand is used as fine aggregate for preparing concrete. Aggregate most of which passes 
2.36mm IS sieve is used. 
 
3.1.3.2.Coarse aggregate: 

Normal coarse aggregate passing through 20 mm sieve is used for 
 
3.1.4 Glass powder: 

Glass is non-biodegradable material which is going to be obtained by crushing waste glass pieces in a 
crusher mill.Early forms of glass were probably rife with impurities and subject to cracking and other 
instability.When manufactured by humans, glass is a mixture of silica, soda, and lime.
material suitable for use in lime-pozzolanicmmixes and for Portland cement replacement. GP contains high 
amount of silicon dioxide, and its react
non-crystalline silica and its specific area.

GP of particle size smaller than 75
 

Table 3.1: Chemical composition of cementing materials
Composition(% by mass) 
Silica(SiO2) 
Alumina(Al2O3) 
Iron oxide(Fe2O3) 
Calcium oxide(CaO) 
Magnesium oxide(MgO) 
Sodium oxide(Na2O) 
Potassium oxide(K2O) 
Sulphur trioxide(SO2) 
Unit weight, Kg/m3 

Specific gravity 
Particle size  

 

Fig. 3.1: Glass powder Fig. 3.2: Glass waste
 

3.1.5 Polyproyelene fibre: 
 

6/ Advances in Natural and Applied Sciences. 10(14) Special

Pozzolana + calcium hydroxide + water� C –S –H (gel) 
This reaction is called pozzolanic reaction. 
Other mineral admixtures, like finely ground marble, quartz, granite powder are also used. They neither 

zzolonic property nor the cementitious properties. They just act as the inert filler.

Water is an important ingredient of concrete as it strengthens cement gel, the quantity and quality of water 
is required to be looked into very carefully. 

Normally river sand is used as fine aggregate for preparing concrete. Aggregate most of which passes 

Normal coarse aggregate passing through 20 mm sieve is used for preparing concrete.

biodegradable material which is going to be obtained by crushing waste glass pieces in a 
crusher mill.Early forms of glass were probably rife with impurities and subject to cracking and other 
instability.When manufactured by humans, glass is a mixture of silica, soda, and lime. GP is highly pozzolanic 

pozzolanicmmixes and for Portland cement replacement. GP contains high 
amount of silicon dioxide, and its reactivity related to lime depends on a combination of two factors, namely the 

crystalline silica and its specific area. 
GP of particle size smaller than 75μm, or less than #200 mesh, is to be used to act as a pozzolanic material.

sition of cementing materials 
Cement Glass powder 
20.2 72.5 
4.7 0.4 
3.0 0.2 
61.9 9.7 
2.6 3.3 
0.19 13.7 
0.82 0.1 
3.9 - 
3150 2579 
3.15 2.58 

75µm 45µm 

Glass waste  

Special 2016, Pages: 249-263 

Other mineral admixtures, like finely ground marble, quartz, granite powder are also used. They neither 
zzolonic property nor the cementitious properties. They just act as the inert filler. 

Water is an important ingredient of concrete as it strengthens cement gel, the quantity and quality of water 

Normally river sand is used as fine aggregate for preparing concrete. Aggregate most of which passes 

preparing concrete. 

biodegradable material which is going to be obtained by crushing waste glass pieces in a 
crusher mill.Early forms of glass were probably rife with impurities and subject to cracking and other 

GP is highly pozzolanic 
pozzolanicmmixes and for Portland cement replacement. GP contains high 

ivity related to lime depends on a combination of two factors, namely the 

m, or less than #200 mesh, is to be used to act as a pozzolanic material. 
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Fig. 3.3: polypropylenefiber 
 
Properties of polypropylene fiber: 

Diameter - 30µm(equivalent diameter) 
Length – 12mm 
Tensile strength of fiber – 1000MPa 
Specific gravity (g) –1.36 

 
Methodology: 

  
3.3 Mix Design 
Required Materials Content: 

Cement = 401.68 Kg/m3 
Fine aggregate =567.26 Kg/m3 
Coarse aggregate = 1164.37Kg/m3 
Water = 188.79 Kg/m3 

 
Mix Ratio: 

C: FA: CA: W = 401.68:567.26:1164.37:188.79 
Mix Ratio is 1: 1.41: 2.9: 0.47 
 

4experimental Program: 
4.1 Test to be conducted: 

� Compressive strength test 
� Flexural strength test 
� Split tensile strength test  
 

4.1.1. Compressive strength test: 
The compression test is used to determine the hardness of cubical specimens of concrete. The strength of a 

concrete specimen depends upon cement, aggregate, bond, w/c ratio, curing temperature, and age and size of 
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specimen. Mix design is the major factor c
cm (as per IS: 10086-1982) should be cast. The specimen should be given sufficient time for hardening 
(approx.24h) and then it should be cured for 28 days, it should be loaded in the comp
tested for maximum load. Compressive strength should be calculated by dividing maximum load by cross 
sectional area.  

 
 
 
 
 
 
 
 
 

 
 

Fig. 4.1: Compressive testing of cube

Strength of concrete = 

 
Table 4.1: Test Result for Cube 

 
S.NO 

 
SIZE OF SPECIMEN 

 
1. 

 

150 X 150 X150  

 

Fig. 4.2: Percent of Fibre and Compressive Strength for
 
4.1.2. Flexural strength test: 

Flexural strength test is to be carried out to study the behavior of beam under bending.
Procedure: 
� First to design the under reinforced beam for the given beam size
L=700mm, B=150mm, D=150mm
� Then have to cast the beam as per the 
� After 28 sayscuring, allow the beam to dry and draw grids on the white washes beam to note the 

propagation of cracks. 
� Note the initial readings of dial gauge.
� For each load increment, identify the cracks on the specimen and the

measured at the same level. 
� Continue the experiment until the failure of the beam occurs. The ultimate load carrying capacity of the 

beam is noted. This will give failure load.

of Area

Average
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specimen. Mix design is the major factor controlling the strength of concrete.Cubes of size 15 cm x 15 cm x 15 
1982) should be cast. The specimen should be given sufficient time for hardening 

(approx.24h) and then it should be cured for 28 days, it should be loaded in the compression testing machine and 
tested for maximum load. Compressive strength should be calculated by dividing maximum load by cross 

Compressive testing of cube 

 

 
Compressive Strength N/mm2 
 
Control 
specimen 

 
 10% g.p 

 
20% g.p 

30% g.p
+0.5% fibre

10.01 11.02 12.06 14.10

Percent of Fibre and Compressive Strength for the Cube 

Flexural strength test is to be carried out to study the behavior of beam under bending.

First to design the under reinforced beam for the given beam size 
D=150mm 

Then have to cast the beam as per the design and do proper curing. 
After 28 sayscuring, allow the beam to dry and draw grids on the white washes beam to note the 

Note the initial readings of dial gauge. 
For each load increment, identify the cracks on the specimen and the width of first crack is to be 

Continue the experiment until the failure of the beam occurs. The ultimate load carrying capacity of the 
beam is noted. This will give failure load.  

cube concrete of

failureat  load Average
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ontrolling the strength of concrete.Cubes of size 15 cm x 15 cm x 15 
1982) should be cast. The specimen should be given sufficient time for hardening 

ression testing machine and 
tested for maximum load. Compressive strength should be calculated by dividing maximum load by cross 

30% g.p 
+0.5% fibre 

40% g.p 
+1% fibre 

14.10 14.89 

 

Flexural strength test is to be carried out to study the behavior of beam under bending. 

After 28 sayscuring, allow the beam to dry and draw grids on the white washes beam to note the 

width of first crack is to be 

Continue the experiment until the failure of the beam occurs. The ultimate load carrying capacity of the 
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Fig. 4.3: Flexural beam setup 

Fig. 4.4: Failure due to flexure test 
 
Table 4.2: Flexure Test results for Beam Control Specimen(0%), 0.5%fibre, 1%fibre

 
S.No 

 
Load in KN 

Deflection in
Control 
Specimen(0%)

 1 0 0 
 2 5 0.20 
 3 7.5 0.32 
 4 10 0.41 
 5 15 0.53 
6 17.5 0.67 
7 20 0.76 
 8 25 0.85 
 9 27.5 0.96 
10 30 1.10 
11 35 1.25 
 12 37.5 1.36 
 13 40 1.47 
 14 45 1.56 
 15 47.5 1.67 
 16 50 1.75 
 17 55 1.82 
 18 57.5 - 
 19 60 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Deflection in mm 

Fig. 4.5: Load Deflection Curve for
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Beam Control Specimen(0%), 0.5%fibre, 1%fibre  
in mm 

Specimen(0%) 
10 % glass powder   20% glass powder   30% g.p + 

0.5 % fibre 
0 0 0 
0.18 0.13 0.14 
0.24 0.21 0.21 
0.35 0.29 0.30 
0.44 0.37 0.32 
0.55 0.43 0.44 
0.64 0.52 0.56 
0.76 0.64 0.61 
0.83 0.75 0.73 
0.95 0.84 0.75 
1.12 1.06 0.81 
1.27 1.15 1.08 
1.35 1.24 1.11 
1.44 1.37 1.21 
1.55 1.42 1.35 
1.64 1.53 1.43 
1.78 1.65 1.56 
1.85 1.91 1.68 
- 2.07 1.79 

Deflection Curve for Control Specimen(0%) 

Load in KN
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30% g.p + 
0.5 % fibre  

 40% g.p + 
1% fibre  
0 

 0.16 
 0.17 
 0.18 
 0.20 
 0.31 
 0.45 
 0.52 
 0.63 
 0.71 
 0.70 
 0.83 
 1.03 
 1.15 
 1.31 
 1.42 
 1.50 
 1.69 
 1.81 

Load in KN
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Deflection in mm 

Fig. 4.6: Load Deflection Curve for Specimen(10%) 
 
 
 
 
 
 
 
 
 
 
Deflection in mm 

Fig. 4.7: Load Deflection Curve for Specimen (20%) 
 

4.13 Splittingtensile strength test (fsp): 
For the determination of splitting tensile strength of concrete, cylinder specimens of diameter to length ratio 

1:2 was selected, with diameter as 60mm and length as 120 mm. Specimens were dried in open air after 28 days 
of curing and subjected to splitting tensile test under compression testing machine. The rate of loading was 0.5 
kN/s as per ASTM C 490-96. The splitting tensile strength (fsp) was obtained using the formula 

fsp = 2P/ πdl (N/mm2) 
Where, 
P = Load at failure (N) 
d = Diameter of specimen (mm) 
l = Length of specimen (mm) 

 
Fig. 4.8: Failure due to split tensile test 
 
Table 4.3: Splitting tensile strength of concrete at 28 days 

 
S.NO 

 
SIZE OF SPECIMEN 

 
Split tensile Strength N/mm2 
 

 
1. 

 Control 
specimen 

 
 10% g.p 

 
20% g.p 

30% g.p 
+0.5% fibre 

40% g.p 
+1% fibre 

150 X 150 X150  1.61 1.89 1.93 2.54 2.68 
 

0

20

40

60

80

0

20

40

60

80

Load in KN
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Table 4.4: Details of specimen 
Specimen Control 

Specimen 
80%C+ 20%GP 70%C+ 30%GP+fiber 60%C+ 40%GP+fiber 

Cubes 3 3 3 3 
Beams 1 1 1 1 
cylinders 3 3 3 3 

 
Discussion: 

The failure load in split tensile strength for control specimen(0%) is 1.61N/mm2. The failure load in tensile 
strength for 10 % glass powder is 1.89 N/mm2.The failure load in tensile strength for 20% glass powder is 1.93 
N/mm2.The failure load in tensile strength for 30% glass powder and 0.5 % fibre is 2.54 N/mm2and 40% glass 
powder and 1% fibre is 2.68 N/mm2, it increases 1.07 N/mm2. The load carrying capacity for concrete is 
increased by the use of percentage of fibres. 

The failure load in compressive strength for control specimen(0%) is 10.01N/mm2. The failure load in 
compressive strength for 10 % glass powder is 11.02N/mm2. The failure load in compressive strength for 20% 
glass powder is 12.06N/mm2.The failure load in compressive strength for 30% glass powder and 0.5 % fibre is 
14.10 N/mm2 and 40% glass powder and 1% fibre is 14.89 N/mm2., it increases by 4.09 N/mm2. 

From the experimental study it is observed that the ultimate load carrying capacity forcontrol specimen 
(0%) is 225.2KN. The Ultimate load carrying capacity of 10 % glass powder is 247 KN, when comparing to the 
control specimen(0%) it increases 22 KN.  

The Ultimate load carrying capacity of 20% glass powder is 271KN when comparing to the control 
specimen(0%) it increases 46KN and 10% glass powder it increases 46KN. 

The Ultimate load carrying capacity of 30% glass powder and 0.5 % fibre is 317KN when comparing to the 
control specimen(0%), it increases 92KN and 20 % glass powder, it increases 46kN. 

The Ultimate load carrying capacity of 40% glass powder and 1% fibre is 335KN when comparing to the 
control specimen(0%), it increases 110KN and 10 % glass powder, it increases 88 kN and 20 % glass powder, it 
increases 64 KN and 30 % glass powder and 0.5 % fibre , it increases 18 KN. 
 
Conclusion: 

� The GP used in this study are efficient as a pozzolanic material because it contains amorphous silica of 
more than 70%. 

� The particle size of GP affects the pozzolanic activity of the GP, to overcome this less than 75µm size 
of particle is to be used. 

� Polypropylene fibers are to be added to increase the strength of GP concrete, when cement is replaced 
with GP beyond its replacement limit. 

� The addition of polypropylene fiber into GP concrete improves their physical and mechanical 
properties significantly. Polypropylene fiber can potentially improve the negative influences caused by the GP. 
It improves the overall strength by 49 % due to replacement of cement as glass powder and polypropylene fiber. 

� The efforts are to be made to investigate the effect of GP and polypropylene fiber in improving the 
properties of concrete. 

� The compressive strength test is to be carried out at 28 days.  
� The flexural strength test is to be carried out at 28 days.  
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