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ABSTRACT:
The concrete is the second largest 

consumed material by human after the water. 
Cement is the main ingredient in concrete. In the 
most general sense of the word, cement is a 
substance which sets and hardens independently, 
and can bind other materials together. The 
production of one tonne of OPC consumes about 1.5 
tonnes of raw material due to this the cement raw 
materials are exhausting as quickly as possible. It 
causes increasing scarcity of natural materials and 
causes environmental problem by emission of CO2 
and other gases. Phosphogypsum is a by-product in 
the wet process for manufacture of phosphoric acid 
(ammonium phosphate fertilizer) by the action of 
sulphuric acid on the rock phosphate 
Phosphogypsum generation in the Country is about 
11 million tonnes per annum. Fly ash is a by-product 
of the combustion of pulverized coal, usually from 
coal-fired power plants. The RTPP located at 
muddanur in Kadapa district produces about one 
million tons of fly ash every year. The main aim of 
this study is to investigate the influence of 
phosphogypsum (PG), fly ash (FA) on durability 
properties of concrete. The use of partial 
replacement of opc by wastes favored concrete 
production due to their advantages in improving 
some of the properties of concrete.  

This project consists of partial replacement 
of cement with phosphogypsum and fly ash in 
concrete, replacement of 0%, 4%, 8% and 10% 
cement with phosphogypsum and maintaining fly 
ash at constant ratio of 25%. All the mixtures were 
prepared and the durability tests are conducted, they 
are Acid Attack test, Alkalinity test, Rapid Chloride 
Permeability Test (RCPT) and Water permeability 
test  will be investigated. 

Key Words: Concrete, Phosphogypsum (PG), Fly 
ash (FA), Acid Attack test, Alkalinity test, Sulphate 
Attack Test, Rapid Chloride Permeability Test 
(RCPT), Water permeability test. 

I. INTRODUCTION 
Production of every one tonne of OPC emits about 
one tonne of carbon dioxide (CO2) into the 
atmosphere, causing global warming. Statistics 

expose that the Cement industry constitutes about 5 
% of the total emission of greenhouse gases (GHG) 
in India. Every one tonne of OPC requires 1.2 to 1.5 
tonnes of lime stone as raw material and around 0.2 
tonnes of coal as fuel for burning, causing depletion 
of natural resources. The energy requirements for 
manufacturing one kg cement are 750 Kcal 
(thermal) and 85 Kcal (electrical), which is 
extracting the energy sources. Therefore, an 
effective way to reduce the adverse environmental 
impacts of concrete without affecting its engineering 
properties is to reduce the amount of OPC in 
concrete. Use of mineral admixture with OPC in 
ternary blend cement system as a binder is an 
effective and practical way to achieve this objective. 
 
Aim and objective: 
In order to achieve the scope of this study, the 
following aims have to be met:  
To find the background information on the basic 
materials of concrete. 

 To find the physical and chemical 
properties of cement, coarse aggregate and 
fine aggregate. 

 To find the properties of Concrete blends 
with altered proportions of 
Phosphogypsum and flyash were to be 
tested. 

 An inclusive laboratory studies was 
performed to study the durable properties 
of concrete mixtures with different ratios of 
Phosphogypsum and flyash as a 
replacement of Cement. 

 
 

II LITERATURE REVIEW 
 
S. S. Bhadauria et. al.[1] Utilisation of 
phosphogypsum in concrete is not new technique, 
Gutt first proposed it, he had presented a practical 
approach to handle phosphogypsum in concrete. The 
mixture in which cement replaced with five percent 
phosphogypsum having almost same standard or 
normal consistency than that of plain cement and 
thus water requirement of the cement – 
phosphogypsum mix minutely affected. But, further 
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replacements of ordinary Portland cement with raw 
PG seriously affect the consistency. 
Phosphogypsum in ordinary Portland cement mixes 
considerably retards setting time but does not 
contribute to produce unsound cement paste. 
Phosphogypsum can be economically used up to 
five percent as an ingredient or admixture of 
cement-mortar mix, both for stone and brick 
masonry work. The degree of workability of 
concrete mix with five percent phosphogypsum 
decreases as compared to conventional concrete, but 
it improves cohesiveness of the concrete mix and 
thus reduction in segregation and bleeding. 
 
The compressive strength of phosphogypsum 
cement concrete (with five percent PG) is improved 
indicates that phosphogypsum has immense 
potential to be utilised in concrete applications, 
especially mass concrete work. 
 
W. F.Chang, [3] investigated the effectiveness of 
phosphogypsum-based concrete in corrosion 
protection of reinforcement. Test results indicated 
that pH value increased rapidly when 
phosphogypsum mix contained small amount of 
cement. Other effective way of protecting against 
corrosion was increasing thickness of cover. 
 
Chang and Mantell, [4] published a book on 
engineering properties and construction applications 
of phosphogypsum with and without other materials 
(fly ash, slags, epoxy, fibres, etc). The authors have 
presented the primary available data on tests of 
engineering properties and have presented the 
stateof- the-art on construction applications. 
 
Chang and Chin,[5] have published state of art 
report on phosphogypsum for secondary road 
construction. It was concluded phosphogypsum 
when subjected to compaction could be transformed 
into a solid of valuable strength. It could be used 
very effectively as binder to stabilised soil, replace 
shell or clay in secondary road and aggregate and 
water. A base course was built by spreading 5 inch 
of loose phosphogypsum on existing soil, over 
which the concrete was laid. This pavement was 
tested for abrasion, durability, shrinkage, 
compensation, onsite deflection and radiation 
monitoring. The project demonstrated that PG based 
RCC was suitable for construction of parking 
facilities. PG without was detrimental to strength 
contributed to good mix and surface finish because 
of fine grinding. 
 
Nanni and Chang,[6] reported application of 
phosphogypsum was investigated as an aggregate in 
construction of various Roller Compacted Concrete 
(RCC) slabs. Several phosphogypsum-based 
mixtures were prepared in three different mixing 
procedures and were compacted using suitable 

vibrator. A thickness design procedure of this 
concrete pavement was also suggested. The project 
indicated that phosphogypsum based RCC was 
suitable for pavement construction applications. 
Moreover, phosphogypsum was suitable, as it 
provide set retardation and drying shrinkage 
compensation. 
 

III: MATERIALS AND METHODOLOGY 
 
Cement: 
It can be defined as material having adhesive and 
cohesive properties which make it capable of 
binding material fragments in to a compact mass. 
Cement is obtains by burning together in a definite 
proportion, a mixture of naturally occurring 
calcareous (containing calcium carbonate or lime) 
and argelliceous (containing alumina) material to be 
partial fusion at high temperatures about 1450 0C 
 

Table: Physical properties of cement 

 
 
Fine aggregate: 
Aggregates provide dimensional stability and wear 
resistance for concrete. Not only do they provide 
strength and durability to concrete, but they also 
influence the mechanical and physical properties of 
concrete. Aggregates act as a filler material and 
lower the cost of concrete. Aggregates should be 
hard, strong, free from undesirable impurities and 
chemically stable. They should not interfere with the 
cement or any of the materials incorporated into 
concrete. They should be free from impurities and 
organic matters which may affect the hydration 
process of cement. The workability, strength, 
durability and moisture susceptibility of concrete are 
greatly influenced by the characteristics of 
aggregates. Fine aggregate (sand) is defined as an 
aggregate with particles of size smaller than 4.75mm 
and equal to or larger than 75µm. Natural River sand 
with fraction passing through 4.75mm sieve and 
retained on 60micron sieve will be used. The 
physical properties of fine aggregate are listed in 
table given below. 
 

 
 
 

Table: Physical properties of fine aggregate 
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Coarse aggregate: 
Coarse aggregate consists of rounded river gravel, 
crushed stone or manufactured aggregate with 
particles of larger than 4.75mm. Coarse aggregate of 
size 20mm has been selected for this project. The 
physical properties will be tested as per IS 2386 (part 
1) -1963. It is used to improve the strength of 
concrete. Table represents the physical properties of 
coarse aggregate. 

 
Table: Physical properties of coarse aggregate 

 
 
WATER 
Water is needed for the hydration of cement and to 
provide workability during mixing and for placing. 
Portable tap water is used for making concrete and 
curing the specimens as well. pH  value is 7.3 
 
Fly Ash (Class F) 
 
One of the supplementary cementing materials used 
in this investigation is fly ash. The using fly ash is 
obtained from RTPP, Muddanur in Kadapa district. 
The specific gravity of fly ash is 2.2. The details of 
chemical compound values in the fly ash obtained 
from RTPP are furnished in table. 
 

Table: composition of Flyash 

 
 
Phosphogypsum: 

Phosphogypsum was obtained from Rashtriya 
Chemical and Fertilizer (RCF), Chembur plant in 
Maharashtra State, India. Phosphogypsum is a gray 
coloured, damp, fine grained powder, silt or silty-
sand material with a maximum size ranges between 
0.5 mm (No. 40 sieve) and 1.0 mm (No. 20 sieve) 
and the majority of the particles (50-75 %) are finer 
than 0.075 mm (No. 200 sieve). The specific gravity 
of phosphogypsum ranges from 2.3 to 2.6. The 
maximum dry bulk density is likely to range from 
1470 to 1670 kg/m3. The gypsum cake, after 
filtration, usually has free moisture content between 
25 and 30%. 

Table: Mix Proportions as per mix design 

 
 

Table: Mix Proportions 
 

 
Table: Projection of designations for individual 

mix proportions 

 
 
Preparation and casting of specimens: 
 
A careful procedure was adopted during  mixing and 
casting operations. The coarse aggregates, fine 
aggregates, cement, phosphogypsum, flyash and 
water were weighed. Cement phosphogypsum and 
flyash were mixed dry to uniform colour separately. 
On the water-tight platform, the coarse and fine 
aggregates were mixed thoroughly. To this mixture, 
the mixture of Cement phosphogypsum and flyash 
was added. These were hand-mixed on a watertight 
platform to colour. All specimens were prepared in 
accordance with Indian Standard Specifications 
BIS: 516–1959. The specimens were allowed to 
remain in the steel mould for the first 24 hr- at 
ambient condition. After that, these were demoulded 
with care so that no edges were broken and were 
placed in the curing tank at the ambient temperature 
for curing. The ambient temperature for curing was 
27 ± 2 C. The specimens casted to determine 
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Durability properties were leave to 28, 56 and 90 
days for water curing. 
 
Curing of Specimens 
 
The concrete specimens were air dried for 24 hours 
and then the specimens were demoulded and then 
kept for curing. Marking was done on the specimens 
to identify the percentage of phosphogypsum and 
flyash. Then the specimens were placed in water 
tank for curing. All the specimens have been cured 
for desired age and then tested. 
 

 
IV EXPERIMENTAL INVESTIGATION 

 
COMPRESSIVE STRENGTH TEST 
 Concrete cubes of sizes 
150mm×150mm×150mm were tested for crushing 
strength. Compressive strength depends on factors 
such as w/c ratio, cement strength, excellence of 
concrete material and excellence control during 
manufacture of concrete. 
 These cubes are tested by compression 
testing machine after 7 days, 14 days or 28 days 
curing. The sample is placed centrally on the base 
plate of machine and the load have to be apply 
gradually at the rate of 140 kg/cm2 per minute till the 
specimen fails. Load at the failure separated by area 
of sample gives the compressive strength of 
concrete. The sample to increased load breaks down 
and no greater load greater load can be constant. The 
maximum load applied to specimen shall then be 
recorded and any unusual value noted at the time of 
failure brought out in the report.  
 The cube compressive strength, then 
fc=P/A N/mm2 
Where P is an ultimate load in N, A is a cross 
sectional area of cube in mm2. 

 

 
 

Fig. Compressive Strength Test 
 
Acid Attack Test 

For acid attack test, concrete cube of size 
150X150X150mm are prepared for various 
percentage combinations of Phosphogypsum and 
flyash. The specimen are casted and cured in mould 
for 24 hours, after 24 hours, all the specimen are 
demoulded and the specimens are weighed and 
immersed in sulphuric acid (H2SO4) solution for 60-
days. The pH value of the acidic media was at 1. The 
pH value was periodically checked and maintained 
at 1. After 60-days of immersing in acid solution, the 
specimens are taken out and were washed in running 
water and kept in atmosphere for 2-day for constant 
weight. Subsequently the specimens are weighed. 
Hence the percentage loss of weight and 
compressive strength was calculated. 
 
Alkaline Attack Test 
 
For alkaline test, concrete cube of size 150mm X 
150mm X 150 mm are prepared for various 
percentage combinations of Phosphogypsum and 
flyash. The specimen are casted and cured in mould 
for 24 hours, after 24 hours, all the specimen are 
demoulded and the specimens are weighed and 
immersed in Sodium Hydroxide (NaOH) solution 
for 60-days. The pH value of the alkaline media was 
at 12. The pH value was periodically checked and 
maintained at 12. After 60-days of immersing in 
alkaline solution, the specimens are taken out and 
were washed in running water and kept in 
atmosphere for 2-day for constant weight. 
Subsequently the specimens are weighed. Hence the 
percentage loss of weight and compressive strength 
was calculated. 
 
Sulphate Attack Test 
 
For sulphate attack test, concrete cube of size 
150mm X 150mm X 150 mm are prepared for 
various percentage combinations of 
Phosphogypsum and flyash. The specimen are 
casted and cured in mould for 24 hours, after 24 
hours, all the specimen are demoulded and the 
specimens are weighed and immersed in 
Magnesium Sulphate and Sodium Sulphate 
(MgSO4+Na2So4) solution for 60-days. The pH 
value of the alkaline media was at 2. The pH value 
was periodically checked and maintained. After 60-
days of immersing in alkaline solution, the 
specimens are taken out and were washed in running 
water and kept in atmosphere for 2-day for constant 
weight. Subsequently the specimens are weighed. 
Hence the percentage loss of weight and 
compressive strength was calculated. 
 
Water Permeability Test: 
 
Generally, tests of penetration of liquids through 
concrete due to a pressure gradient provide the 
means of measuring the intrinsic permeability as 
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defined by Darcy’s law. The basic requirement of 
this test is, that the specimen should be sealed on all 
sides other than two opposite parallel faces between 
which the flow of liquid can be promoted by an 
applied pressure head. 
 
In the present investigation a new rapid water 
permeability method is adopted. As the conventional 
water permeability method takes a long time to 
determine the seepage of water through fully 
saturated concrete sample, a quick and less time 
consuming test method is adopted to study the 
permeability of concrete mixtures. 

 
Fig.: Test setup for water permeability of 

concrete 
To find out the depth of penetration of water into the 
specimen, the specimen was put in the compression 
testing machine with the bottom of the specimen up 
wards over two steel bars spaced approximately 
50mm apart. One steel bar was placed on top of the 
at the center. Then the upper plate (Jaw) of the 
compression testing machine is tightened. Pressure 
was applied gradually till the specimen broke into 
two halves. The depth of penetration of water was 
measured by vernier calipers at 5 to 6 places and the 
average depth was registered. The volume of water 
penetrated was found from the weight gained by the 
specimen. 
 

 
Fig: Test setup for splitting of concrete specimen 

 
RAPID CHLORIDE PERMEABILITY TEST 
The rapid chloride permeability test for different 
concrete mixtures was carried out as per ASTM C-
1202-97. This test method covers the determination 
of the electrical conductance of concrete to provide 

a rapid indication of its resistance to penetration of 
chloride ions. 
Standard cylindrical disc specimens of size 100mm 
diameter and 50mm thick after 28 and 60 days water 
curing were used in this test. As per ASTMC 1202-
97, specimens with other dimensions, when used for 
testing, the test result value of the total charge passed 
through, must adjusted. 

 
 

Fig.: Rapid Chloride Permeability Test setup 
 

 
Fig: Rapid Chloride permeability testing 

arrangement 
 

V RESULTS 
TEST RESULTS IN NORMAL CURING  
 
Table: COMPRESSION TEST RESULT 
@NORMAL CURING. 
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Fig: COMPRESSION TEST RESULT 

@NORMAL CURING. 
 
As we observed the compressive strength of 28 days 
strength of concrete at normal water curing as 25% 
F.A & 0%, 4%, 8% & 10% of Phosphogysum, 
among all the mixes increase in compressive 
strength was seen in cement concrete mix i.e., A3 in 
normal curing compared to all the remaining mixes. 
TEST RESULTS IN ACID ATTACK: 
 

Table COMPRESSION TEST RESULT @ 
ACID ATTACK 

 

 
 

Fig: Compressive Strength test results (Acid 
Attack)  

 
TEST RESULTS IN SULPHATE ATTACK 
As we observed the compressive strength at age 56 
days (28 days normal curing + 28 days acid 
curing)and 90 days strength of concrete at acid 
attack for, (30 days normal curing + 60 days acid 
curing) i.e. Total 60 & 90 days as 25% FA & 0% 
Phoshogympsum, from the graph we can clearly say 
that no other mix have such compressive strength. 
Therefore comparing with other mixes A1 achieves 
highest compressive strength. 
 

Table COMPRESSION TEST RESULT @ 
SULPHATE ATTACK 

Fig.: Compressive Strength test results 
(Sulphate attack) 

As we observed the compressive test at the age of 56 
days (28 days normal curing + 28 days sulphate 
curing),  & 90 days strength SCC at acid attack for 
(30 days normal curing + 60 days sulphate curing) 
i.e. from fig: we can notice that mix having 25% FA 
and 8% Phosphogypsum have the highest 
compressive strength when compare to other mixes. 
. 
TEST RESULTS IN ALKALINITY TEST 
 

Table. COMPRESSION TEST RESULT @ 
ALKALINITY TEST 

 

 
Fig.: Compressive Strength test results 

(ALKALINITY TEST) 
The inference from the graph is the compressive 
strength at 56 days for (28 days normal curing + 28 
days chemical curing), & 90 days strength in 
concrete at alkalinity, (30 days normal curing + 60 
days chemical curing) i.e. Total 56 & 90 days from 
the graph we can notice in that with the alkalinity 
attack the compressive strength the cube with 25% 
Fly ash to 0% phosphogypsum increase initially and 
decrement of strength taken place after the mix 
having 10 Fly ash and 8% phosphogypsum 
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TEST RESULTS IN RCPT 
 

Table.: RCPT VALUES  

 

Fig.: RCPT test results 
From the graph we can prove that, the chloride 
permeability is more in case of normal concrete then 
it is decreased while adding Phosphogypsum of 4%, 
8% and 10% to the concrete for 90 days of curing. 
The chloride permeability of concrete with 25% 
FLY ASH + 10% Phosphogypsum is less while 
compared with the all proportions for 90 days. 
 

Table : Water Permeability test results 

 

 
Fig.: Water Permeability test results 

 
VI. CONCLUSION 

CONCLUSION: 
Based on experimental investigations concerning 
the durability of concrete, the following 
observations are made: Based on the results 
presented above, the following conclusions can be 
drawn 

 Phosphogypsum impairs the strength 
development of calcined product and hence it 
can be used in construction industry for 
preparation of concrete to achieve the economy. 

 
 Addition of Phosphogypsum to concrete affects 

on the durability strength characteristics of 
concrete. 

 Phosphogypsum and Fly ash concrete shows 
less penetration as compared to Ordinary 
Portland cement concrete. 

 For Acid test which is under 90 days of 
chemical curing, Weight of cubes are increases 
up to 8% replacement of phosphogypsum, after 
that replacement of phosphogypsum, weight 
gradually decreases for the mix A4 which is 
having 25% Flyash and 10% Phosphogypsum 
in concrete.  

 Thus, optimum amount of phosphogypsum to 
be added in concrete is found to be 8%. 

 
 For Sulphate attack test which is under 90 days 

of chemical curing, Weight of cubes are 
increases up to 8% replacement of 
phosphogypsum, after that replacement of 
phosphogypsum, weight gradually decreases 
for the mix A4 which is having 25% Flyash and 
10% Phosphogypsum in concrete. Thus, 
optimum amount of phosphogypsum to be 
added in concrete is found to be 8%. 

 
 For Alkalinity test which is under 90 days of 

chemical curing, Weight of cubes are increases 
up to 8% replacement of phosphogypsum, after 
that replacement of phosphogypsum, weight 
gradually decreases for the mix A4 which is 
having 25% Flyash and 10% Phosphogypsum 
in concrete. Thus, optimum amount of 
phosphogypsum to be added in concrete is 
found to be 8%. 

 
 The compressive strength (durability acid) and 

the compressive strength (durability base) 
increases up to 8% replacement of 
phosphogypsum, after that replacement of 
phosphogypsum, the compressive strength 
gradually decreasesThus, optimum amount of 
phosphogypsum to be added in concrete is 
found to be 8%. 

 
 The results obtained from the present study 

shows that there is great potential for the 
utilization of best phosphogypsum and fly ash 
in concrete as replacement of cement. 

 
 The results from the water permeability test, the 

mix having 25% Flyash and 8% 
Phosphogypsum which had highest 
compressive strength had shown lowest 
permeability of 2.5cm penetration depth. 
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 Thus, the phosphogypsum is a byproduct of 

phosphate fertilizer and chemical industries. It 
can be effectively utilized by replacement of 
cement in concrete. Utilization of industrial 
waste such as phosphogypsum not only solves 
environmental problems but also provides a 
new resource for construction industry 
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