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Abstract -The growing demand for sustainable and cost-
effective construction materials has intensified interest in
utilizing industrial by-products as partial replacements for
cement in pavement-quality concrete. Among these, Fly Ash
(Class-F) from thermal power plants and Hypo Sludge from the
paper recycling industry offer significant potential due to their
pozzolanic and cementitious characteristics. This study
investigates the performance of concrete incorporating Fly Ash
and Hypo Sludge as Supplementary Cementitious Materials
(SCMs) for rigid pavement applications, with a focus on M25
and M40 grade concrete mixes. Replacement levels of 10%,
20%, 30%, and 40% were explored individually and in hybrid
combinations to evaluate their effects on mechanical
properties, particularly compressive strength. Comprehensive
laboratory testing was conducted on cube, cylinder, and beam
specimens to determine compressive strength, split-tensile
strength, and flexural strength at different curing ages. Results
indicate that both Fly Ash and Hypo Sludge contribute to
strength gain, especially beyond 28 days due to their slow
pozzolanic reaction. Optimum performance was observed at
20% hybrid replacement (Fly Ash + Hypo Sludge) for M25
grade and 10% hybrid replacement for M40 grade concrete. At
these levels, the mixes achieved targeted 28-day strength while
exhibiting progressive strength gain up to 90 days. Higher
replacement percentages resulted in significant reductions in
early and ultimate strength. The study further extends its
findings to pavement design for rural roads and national
highways in Gujarat, considering CBR values of 2%, 4%, and
6%, and wheel loads of 30 kN and 51 kN. Analysis reveals that
optimized SCM-based concrete mixes can reduce pavement
thickness and construction cost, particularly for rural roads
under lower wheel loads. The 20% hybrid mix demonstrated
cost savings of up to 14% without compromising structural
adequacy. Overall, the research establishes Fly Ash and Hypo
Sludge as viable materials for producing eco-efficient,
economical concrete suitable for rigid pavements. Their use
promotes sustainable waste management, conserves natural
resources, and contributes to the development of durable, long-
lasting road infrastructure.

Key Words: Fly ash, Industrial waste, Hypo sludge, Concrete,
Compressive strength

1.INTRODUCTION

Rural Road connectivity is a key component of rural
development, since it promotes access to economic and social
services, thereby generating increased agricultural productivity,
employment in industry and service sectors as well as
productivity, which in turn expands rural growth opportunities
and ideal income through which poverty can be reduced.

Village roads in general have low volume of traffic, consisting
mostly of rural transport vehicles. Due to shifting of industries;
towards the villages there is an increase in volume of traffic on
village roads. It necessitates providing the cost effective
solution of connectivity to the villages. As per IRC: SP: 62-
2004 Rigid pavement comes out to be a better alternative to
flexible pavement where the soil strength is poor, aggregate are
costly and the drainage conditions are bad but they demand a
high degree of professional expertise at the design stage,
construction and maintenance besides high initial cost.

The low-cost concrete with good strength is used in
rigid pavement up t03000 commercial vehicles per day (CVPD)
and Dry Lean Concrete (DLC) of 100mm and350mm thick to
improve modulus of subgrade reaction (k). The National
Highways are the backbone; of the road infrastructure and the
major roads in India. They carry most of India's freight and
passenger traffic. State highways and major district roads
constitute the secondary and interconnecting roads in India. The
main roads in India are under huge pressure and in great need of
modernization in order to handle the increased requirements of
the Indian economy with low-cost eco-friendly materials. In
addition to maintenance, the expansion of the network and
widening of existing roads is becoming increasingly important.
This would then enable the roads to handle increased traffic,
and also allow for a corresponding increase in the average travel
speed on India's roads. Cement concrete roads! enjoy a clear
advantage over bituminous roads and are extremely longer
lasting, often going for 40 to 50 years, said Shri.G.Sharan,
Director General (Roads), Ministry of Shipping, Road Transport
and Highways, Government of India (2008), and added that for
sustainable development, the modern society cannot do without
using high performance construction material, concrete in roads
and highways.

Fly ash, a residue of burning of pulverized coal and lignite
in thermal power stations, is now being accepted as a resource
material. The concerted efforts in Mission Mode that began in
India about a decade back, have developed confidence in fly ash
utilization technologies and its large-scale utilization. Even in
earlier years, a number of attempts were made through various
Committees/ Groups to develop fly ash utilization technologies.
Indian coals, though low in sulphur, contain higher amount of
ash (about 35-45%),hence the generation of huge quantities of
fly |ash in India. The annual generation of fly ash has increased
from about 1 million tonnes in 1947 to about 40 million tonnes
during1994 and to about 112 million tonnes at present. As per
an estimate of FAUP (Fly Ash Utilization Program), TIFAC
(Technology Information, Forecasting and Assessment Council,
Department of Science & Technology, govt of India) (158), the
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annual ash generation figures are expected to reach about (70
million tonnes by 2012 and 225 million tonnes by 2017.

In construction of rural roads in low lying or flood prone
areas, fly ash should have to be considered as a normal choice
in near future. In case of rigid pavements, usage of flyash leads
to considerable savings even if fly ash is to be transported over
large distances. For rigid pavement construction in a large
scales part replacement of cement by dry fly ash is found
acceptable. A disposal of huge quantity of fly ash generated
from the power plants is a severe environmental hazard. This is
detrimental to animal and plant life, since it pollutes the
environment as well as it requires large area for its disposal,
when the availability of land is getting scarce day by day. This
necessitates the effective utilization of this accumulated fly ash
is being felt by the engineers and scientists.

One more thing which needs attention is that not only in
urban areas but also in rural area earth is not an easy available
material now-a-days. In construction of rural roads in low lying
or flood prone areas, fly ash should have to be considered as a
normal choice in near future. Fly Ash even though an
environmental pollutant, it is an important raw material for
various applications. The utilization of Fly Ash in different
sectors can help a great emphasis on the development of new
technology for efficient utilization of Fly Ash.

Coal fly ash is an abundant industrial waste product that
happens to be high in reactive silica, and thus an excellent
pozzolanic. The rise of fly ash as a performance-enhancing
ingredient in concrete is one of the most outstanding examples
of industrial ecology-i.e., making effective use of waste
resources, and ultimately eliminating the concept of waste
altogether. In fact, given the huge (and growing) volume of
concrete production worldwide, the potential for effectively
using! fly ash (and other common industrial by products) makes
it one of the key components of a global industrial ecology. In
coming year (2016-17) it is expected India will produce fly ash
300-400 Million Tons per year, which is approximately double
the quantity it has produced now. The consumption should be
increased.

The major use of Fly Ash is in the building material as
cementing raw material and have many advantages like it
reduces Green House gas emission, solve serious waste disposal
problem faced by the power generation industry, reduces energy
requirements. Due to a high level of acceptance among
consultants, architects and engineers, good quality Fly Ash’s
consumption is growing every year, which resulted increased
cost of item the last few years. At the same time low quality fly
ash occupies large areas for its stacking and it remains
unutilized. To overcome it one needs to find out cost effective
solution to it.

The utilization of fly ash has increased to over 73
Million Tonne (MT) in 2010-12. Fly ash was moved from
“hazardous industrial waste” to ‘“waste material” category
during the year 2000 and during November 2009, it became a
saleable commodity. Fly ash utilization has started gaining
acceptance, it being 65.75% during 2011-12. The present
generation of fly ash from coal based thermal power plants in
India is 138.82 MT/year. Fly ash has acquired the status of a
“useful commodity” which opens up plenty of opportunities in
terms of laying and fine-tuning policies, conducting gainful
businesses and Research and Development efforts, and
addressing the concerns of environment at the same time.

However, it would require a lot of efforts to reach the target of
100% fly ash utilization.

According to National Thermal Power Corporation
(NTPC) (99), on average IMW generation capacity requires
5,000 tonne Indian coal which produces 1,534 tonne fly ash and
384 tonne bottom ash. It will be an enormous environmental
and socio economic challenge to handle such amount of ash.
According to Gujarat State Electricity i Corporation Limited
(GSECL), Report2010-11,  Environmental  compliance
requirements of coal thermal power stations. 5-10%of
electricity production cost is for disposing of fly ash. The cost
of disposing ash per tonne is approx. Rs.125 (including
equipment, labour, utilities and maintenance). Additional cost is
purchasing land and established infrastructure which is in the
order of Rs. 100-150 Crore per site depending upon the land
size and location. World Bank (57) has cautioned India that by
2015 it would require 1,000 sq. km land area to dispose fly ash.
Technologies offering high volume ash utilisation will be
critical in helping India’s future electricity demand and hence
nation prosperity. Hence, there is a great scope for development
of eco-efficient concrete based rigid pavement made using Fly
Ash (Class-F). So, in this study partial replacement of Cement
(OPC) by Fly Ash (Class-F) will be carried out.

HYPO SLUDGE

Paper making generally produces a large
amount of solid waste. Paper fibres can be recycled only a
limited number of times before they become too short or weak
to make high quality paper. It means that the broken, low-
quality paper fibres are separated out to become waste sludge
which consumes a large percentage of local landfill space. To
reduce disposal and pollution problems emanating from these
industrial wastes, it is most essential to develop profitable
building materials from them. Keeping this in view,
investigations were undertaken to produce low; cost concrete by
blending various ratios of cement with hypo sludge.

Lime is used in the recycling process of
paper. The part of lime becomes waste with paper waste called
Hypo Sludge. About 300 kg of Hypo Sludge is produced from
each ton of recycled paper. These Hypo Sludge contains, low
Calcium (CaO) and maximum Calcium Chloride (CaCL) and
minimum amount of Silica (Si02). The shiny finish on glossy
magazine-type paper is produced using a fine kaolin clay
coating, which also becomes solid waste during recycling.
Worse yet, some of the wastes are land spread on cropland as a
disposal technique, raising concerns about trace contaminants
building up in soil or running off into area lakes and streams.
Some companies bum their sludge in incinerators, contributing
to serious air pollution problems. To reduce disposal and
pollution problems emanating from these industrial wastes,
which contains ingredients, chemicals similar to the OPC, it is
most essential to develop profitable building materials from
them. Keeping this in view, investigations are needed tobe
undertaken to produce low cost concrete by blending various
ratios of cement with Hypo Sludge.

Hypo Sludge Concrete

As Hypo Sludge contains some cementatious properties, there
are possibilities to replace the cement up to some percentage. So
the concrete, which contains Hypo Sludge as a replacing
material is known as Hypo Sludge concrete.
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2. LITERATUREREVIEW

This literature review deals with the
experimental work carried out by researchers in developing the
low cost concrete. The detailed review study for fly ash, hypo
sludge and glass fiber is carried out chronologically to arrive at
designing experiment to find new outcomes.

Giaccio GM et.al (1988) concluded that high-
volume fly ash concrete had excellent mechanical properties
and satisfactory resistance to repeated cycles of freezing and
thawing. The use of ASTM Type III cement appeared to be
essential when high strengths at early ages were required. For
concretes made with ASTM Type I cement, the use of
beneficiated fly ash and condensed silica fume, did little to
enhance the properties of concrete compared with “as received”
fly ash. For concrete made with ASTM Type III cement, the
benefits of using beneficiated Class F fly ash and condensed
silica fume were not clear.

Aires Camoes, et al (1988) determined the
Compressive strength and diffusion coefficient of concretes
replacing 0%, 20%, 40%, and 60% of Portland cement by ‘as
received’ fly ash, and 20% and 40% replacement by ‘enhanced’
fly ash. Comparing the results obtained, it was found that High
Performance Concrete (HPC) with up to 65 MPa can be made
by replacing up to 40% of cement by ‘as received’ and
‘enhanced’ fly ash and using the crushed granite aggregates. It
was possible to produce low cost HPC, with 90 day strength in
the range of 70 MPa, using low quality fly ash and crushed
sand. It was possible to replace up to 40% of cement by low
quality fly ash with carbon content up to and slightly higher
than 7%.

Ujjwal Bhattacharjee et.al (2000) said that a
simple framework for estimation of fly ash utilization potential
in India has been developed. Fly ash utilization in cement
production, construction of road embankments and manufacture
of bricks has been considered. The results obtained for the
projected levels of fly ash utilization clearly show that in spite
of assuming quite optimistic levels of fly ash use in the three
applications, the overall fly ash utilization was less than 25% of
the total fly ash produced. Therefore, either a much more
aggressive fly ash utilization strategy has to be developed and
executed or the extent of the fly ash utilization target (or the
year of achieving a specified target) should be reviewed by
MOEF.

Ravina D et .al (2000) studied effect of
replacing 35 to 50 percent of cement by fly ash on workability,
water requirement, bleeding, and setting time of lean concrete
mixtures was investigated, using two ASTM Class F and two
ASTM Class C fly ashes. Workability of all concrete mixtures
containing fly ash was found to be better than that of controlled
mixtures (without fly ash). The water required for obtaining the
designated slump (2in., Scm) of all concrete mixtures containing
fly ash was reduced by 5 to 10 percent.

According to Bilodeau et.al (2000), the
challenge for the civil engineering community in the near future
will be to realize projects in harmony with the concept of
sustainable development, and this involves the use of high-
performance materials produced at reasonable cost with the
lowest possible environmental impact. In 1985, Canada Centre
for Mineral and Energy Technology (CANMET) developed a
concrete incorporating large volume of fly ash that has all the

attributes of high-performance concrete, that is, one that has
excellent mechanical properties, low permeability, superior
durability, and that is environmentally friendly.

Gopala krishna et.al (2001) reported from
comparative research that concrete with 25%fly ash performs
better than concrete with 50% fly ash. The same observation
was made with respect to split tensile strength and flexural
strength. Usage of industrial waste such as fly ash as a partial
replacement material for cement not only provides a more
durable concrete but also finds the way for the safe disposal of
otherwise waste material thereby protecting the environment
from pollution.

Siddique Rafat et. al (2003) Compressive
strength, splitting tensile strength, flexural strength, and
modulus of elasticity of fine aggregate (sand) replaced fly ash
concrete specimens were higher than the plain concrete (control
mix) specimens at all the ages. The strength differential between
the fly ash concrete specimens and plain concrete specimens
became more distinct after 28 days. Compressive strength,
splitting tensile strength, flexural strength, and modulus of
elasticity of fine aggregate (sand) replaced fly ash concrete by
50% continued to increase with age for all fly ash percentages.

N. Bhamimathidas et al (2003) studied that
the utilization of fly ash in cement and concrete is gaining
immense importance today, mainly on account of the ecological
benefits and the improvements in the long-term durability of
concrete. Very few t technologies can assimilate economy,
value addition and eco-service; all in a single go. Fly ash
utilization is the unique opportunity to serve these multiple
indicators collectively. Goh etal (2003) Compressive strength
results indicate that up to 10% by weight of OPC could be
replaced by Municipal Fly Ash (MFA), with higher mortar
strength being achieved than in the control cubes.

A seven-day strength activity index of
123.6% achieved by the MFA, which is almost 50% higher than
the requirement of 75%, suggests its contribution toward the
strength development of the blended cements. A. Oner et al
(2004) This study showed that strength increases with
increasing amount of fly ash up to an optimum value, beyond
which strength starts to decrease with further addition of fly ash.
The optimum value of fly ash was about 40% of cement. Fly
ash/cement ratio was an important factor determining the
efficiency of fly ash.

A.K. Jain et al (2004,2011) Large quantity of
fly ash and blast furnace slag are generated in India and many
other developing countries every year. In absence of proper
awareness and technology development, a large portion of these
by-products remain unutilized causing severe disposal and
environmental problems. The fly ash affects various properties
of concrete in its green and hardened state, which are of
significant importance to the durability of the concrete
structures. The quality of fly ash varies not only from 1 plant to
plant, but it may vary within the same plant due to change in the
source of coal or inconsistent boiler conditions. Therefore a
continuous quality assurance programmed is to be developed to
avoid the use of low-grade inconsistent material. The use of
good fly ash of a consistent quality with low carbon content,
greater fineness and high pozzolanic activity can produce
economically a concrete of good quality and higher durability.
He also discussed the present status and the future” prospects of
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fly ash utilization by Indian Cement Industry. The Indian
Cement Industry, which ranks 2nd in the world has whole
heartedly taken the dual challenges to utilize the fly ash to
resolve the problem of disposal of the waste product and to
enhance the performance of cementitious materials.

Pavel Padevet et.al (2005) discussed a use of
fly ash in the preparation of the concrete, or the cement paste.
He concluded that the fly ash as a waste material is often
conveniently applicable material. Fly ash as a waste material in
the construction industry has consolidated. A significant effect
of energy saying was in use, and therefore the need of only half
the amount of cement. The positive trend was reflected in the
long term, when the properties cement paste with addition of fly
ash was improving. It was the perspective of the use of fly ash
in the structures of fire! protection when at elevated temperature
reaches the same and better properties than pure cement paste.
Richard A. Livingston et.al (2005) The practice of choosing an
arbitrary value for the mix proportions did not ensure that, that
optimum condition would be achieved. Over a period of the last
ten years, the image of fly ash has completely been changed
from a “Polluting Waste” to “Resource Material”.

3. METHODOLOGY

The present work is undertaken with the
primary objectives of evaluating the suitability of
Supplementary Cementitious Materials (SCMs) such as Fly Ash
(Class-F) and Hypo Sludge in pavement quality concrete, and
identifying their optimum replacement levels with cement. Fly
Ash, a by-product of coal combustion, and Hypo Sludge, a
waste material from the paper industry, are recognized for their
potential to partially replace cement in concrete mixes. Their
utilization not only contributes to waste minimization and
environmental sustainability but also enhances certain
properties of concrete when used in appropriate proportions.
The study aims to determine how different replacement levels
of these materials influence the strength, durability, and overall
performance of rigid pavements, thereby identifying the most
effective percentage combination of Fly Ash and Hypo Sludge
for practical applications in road construction.

This research further emphasizes its significance by focusing on
the potential impact of SCM-based concrete on the
development of both rural road networks and national highway
infrastructure. Since rigid pavements demand materials that can
withstand heavy traffic loads and environmental stresses, the
integration of Fly Ash and Hypo Sludge presents an economical
and sustainable alternative to conventional cement-based mixes.
The research plan includes a systematic approach involving the
selection and characterization of materials, detailed
experimental investigations, mix design formulation,
preparation of test samples, and evaluation of mechanical and
durability properties. Through this approach, the study seeks to
demonstrate that SCMs can provide a safer, simpler, and more
cost-effective solution for constructing rural road infrastructure,
while simultaneously contributing to sustainable infrastructure
growth at the national level.

The experimental investigation begins with the testing of the
basic additive materials, namely Fly Ash and Hypo Sludge, to
evaluate their physical and chemical properties. This step is
essential to ensure their suitability as partial replacements for
cement in pavement quality concrete. The characterization
includes tests such as fineness, specific gravity, chemical

composition, and other relevant properties that influence the
behavior of concrete. By establishing the quality and
compatibility of these supplementary cementitious materials
(SCMs), a solid foundation is laid for their effective use in
subsequent stages of the research.

Following the material characterization, Fly Ash and Hypo
Sludge are blended with cement in different proportions to
prepare pavement quality concrete. A systematic schedule is
adopted for concrete mix design, which includes determining
suitable mix proportions that meet strength and workability
requirements. After the mix design is finalized, specimens in
the form of cubes, cylinders, and beams are cast and cured
under standard conditions. These specimens are then subjected
to various mechanical tests such as compressive strength, split
tensile strength, and flexural strength at different curing ages.
The data obtained from these tests are carefully analyzed to
draw meaningful inferences and establish the influence of
SCMs on the properties of concrete.

Finally, the results derived from the laboratory investigations
are utilized in the design of rigid pavements for both rural road
networks and national highways. By integrating the
experimental outcomes with standard pavement design
guidelines, the study demonstrates how the optimized use of Fly
Ash and Hypo Sludge can contribute to sustainable and cost-
effective road construction. This not only wvalidates the
engineering applicability of the prepared concrete but also
provides a practical framework for adopting such eco-friendly
materials in large-scale infrastructure projects. The
methodology adopted in this work has been shown in the
following figure:

|_ Problem Identification I

¥
=

F Utilization of Waste Materials (Fly Ash / Hyp::-!il.ndtt.l'{:hﬂ

Fibers), Reduction in Favement Cost

| Prepare Schedule for Casting and Testing J

I Testing of Materials for Engineering Froperties |

Casting and Testing for Compressive Strength Test (Cube),
Flexural Strength Test (Heam), Modulus of Elasticity (Cylinder)
as per schedule in Laboratory

| Data Analysis ]

l

I o Design of l.mr_E'mt Concrete for Rigid Pavement T

Techno Economic Analysis using varfous waste materials in
different propartions

¥

Conclusions and Recommendations

Figure 1. Flow Chart of Methodology
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Concrete Mix Design for the study Eight
types of concrete (M25 and M40) mix used for casting and
testing of cubes, cylinders and beams for making economical
and durable concrete. The percent replacement of cement by fly
ash, hypo sludge are given in Table 3.1.

Table 3.1: Design of Various Concrete Mixes with various
proportions of Fly ash and Hypo sludge

Concrete =il
M M2 M40
A | 0%CometReplacement | 0% Cement Replacement. |
: 10%, 20%, 30%, 40% Cement 10%, 20%, 30%, 40% Cement
Replacement by Fly Ash Class “F* | Replacement by Fly Ash Class 'F"
¢ 10%, 20%, 30%, 40% Cement 10%, 20%, 30%, 40% Cement
Replacement by Hypo Studge | Replacement by Hypo Sludge
SH5%, 10410%, 15+15%, 20420% | S+5%, 10+10%, 15+15%, 20420%
D | ComentReplacementbyFlyAsh | Cement Replacement by Fly Ash
Class “F* aod Hypo Slodge Class “F" and Hypo Sludge

4. RESULTS AND DISCUSSION

4.1 INTRODUCTION

The experiments were conducted as per standard procedures and
findings were summarized in the form of tables and figures for
the critical review and forming the conclusions of the proposed
work.

4.2 TABULATIONS OF RESULTS FIGURES RELATED
OBSERVATIONS AND COMMENTS

The results are presented in the following tables by observing
impact of fly ash, hyposludge, fly ash + hypo sludge, with
normal concrete with any replacement on compressive strength,
flexural strength and modulus of elasticity (MOE).

4.2.1 COMPRESSIVE STRENGTH OF VARIOUS
CONCRETES MIXES FOR M25 GRADE CONCRETE

Experimental results of compressive strength of various
concretes mixes (mentioned below as concretes mix Al to
concretes mix D4 are recorded in table: 4.1 and Figure: 4.1 to
Figure 4.3.

Table: 4.1 Compressive strength of various concretes mixes
in N/mm2 for M25 grade(Cubes)

| Concrete | % replacement | Concrete |  Compressive streagth (N/mm’)
i Mies [ 7 | 14 [ 28] 56 [ %
days | days | days | days | days
" Standard 0% TUAl [ 2876 3200 | 3852 | 4030 | 42.52 |
| Flyssh 10% BI | 2133 | 3090 | 3467 | 3541 | 3630
20% B2 lG.lSi 278 | 2430 | 2563 | 2607
0% B3 | 1304 | 1511 | 2237 | 2326 | 2474
0% B4 | 993 | 1431 [ 1733 | 222 | 2356
Hypo sludge 10% Cl | 2924 | 3363 | 39.70 | 40.15 | 42.67
T20% C2 [22%| 2335 2578 | 2711 | 9.9
0% C3 | 2092 | 229 | 23.26 | 2430 | 25.19
0% C4 | 1947 | 2104 | 2296 | 23.11 | B85
Fly ash + $%~5% DI | 3126 3527 | 4033 | 4281 | 4530
Hyposludge | 10%+10% D2 | 3059 | 3485 | 3689 | 40.78 | 43.56
15%+15% D3 | 1533 1867 | 2222 | 2341 | 24.89
20%-20% i | 1289 | 1709 | 2178 | 2237 | BAS

'_07 DAYS # I DAYS - 28 DAYS #56 DAYS » % DAYS

COMPRESSIVE STRENGTH (CUBES)
(Niman®)
‘e
=

81 (10%) N2 (20%) B (30%) B (4%
%% REPLACEMENT OF CEMENT BY FLY ASH

AL(0%)

Figure 4.1 Comparison of Compressive Strength (cubes)
(N/mm?2) of Various Mix ofFly Ash in M25 Grade Concrete
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Figure 4.2 Comparison of Compressive Strength (cubes)
(N/mm2) of Various Mix of Hypo Sludge in M25 Grade
Concrete
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Figure 4.3 Comparison of Compressive Strength (cubes)
(N/mm?2) of Various Mix ofFly Ash + Hypo Sludge in M25
Grade Concrete

All the mixes with inclusion of different percentages of

supplementary = cementitious materials shows gain in

compressive strength with respect to the age of concrete.

From Figure no 4.1 it is observed that the use of fly ash up to
20% by weight of cementitious materials reflects targeted
strength at 28 days and the major part of the strength up to
20% inclusion is gained at 14 days. Beyond 28 days the
increase in compressive strength is 9.95% for 56 days and
14.63% for 90 days.

The result indicates considerable reduction in compressive
strength to the order of 48.47%, 43.57% and 43.20% on
average for 30% and 40% inclusion of fly ash at 28, 56and 90
days age respectively.

Figure no 4.2 shows the optimum replacement of cement by
hypo sludge is 20%. Up to 20% replacement the gain in
compressive strength during early age at 7 and at 14 days is of
the order 100% and 85% which reflects the important
characteristics of sludge.

Beyond 28 days all samples shows increase in strength at an
average rate of 4% and 10%at 56 days and 90 days
respectively.

From table no 4.1 it is observed that hybrid replacement with
fly ash and hypo sludge gains the strength as per requirement
by 20% and onwards there is decrease in compressive strength.
The gain in compressive strength at 28 days is of the order 2%
on an average with reference to only fly ash as substitute.

T duys 014 dayy 0 days

o 2N dayy  e—3h dan

(N'mm')
H

COMPRESSIVE STRENGTH

ALY DI m D 4
(5%+5%) 0%+ 10%) (15%+15%) Qo
S REFLACEMENT OF CEMENT BY FLY ASH-MYPO SLUDGE

Figure 4.4 Compressive Strength (N/mm2) Development of
Hybrid Mix (Fly Ash + Hypo Sludge) Concrete Time in
Days for M25 Grade Concrete

The characteristic compressive strength of various mixes of
concrete are presented in table no. 4.1. Figure 4.4 shows the
graphical representation of hybrid mix (fly ash + hypo sludge)
concrete. The curves in figure 4.4 show the rate of compressive
strength development of hybrid mix (fly ash + hypo sludge)
concrete over a span of 90 days. Majority of compressive
strength is gained within 28 days and beyond it is not
measurable. With inclusion of fly ash and hypo sludge the
ultimate strength and rate of gaining strength decreases in
comparisons to the conventional mix.

Percentage increases in hybrid concrete both parameter show
reduction. But for hybrid concrete there are significant
increases in compressive strength beyond 28 days which
reflects the major advantage of using industrial waste as a
pozzolanic material.

Table: 4.2 Compressive strength of various concretes mixes
in N/'mm2 for M40 grade(Cubes)

% replacement 7(‘»:11111 Compressive strength (N'mm’)
Mixes 7 14 28 56 90
days days days | days | days

[ Concrete

Standard 0% A2 | 3481 | 4504 | SO8I | 5289 | 5393

Fly ash 10% BS |93 3496 | 3822 | %04 [ a2
20% | B6 |23.79| 2548 | 27.70 | 30.81 | 3398
T 0% BT | 1810 1837 | 2252 | 2548 | 2652 |

T 0% 17 BS | 1461 1644 | 2163 | 23.70 | 2533

| Hypo sludge | 10% [ Cs 3659 4652 | 5126 | 5333 | sas2
[ 20% |76 34221 3911 | 4074 | 4281 | 4326 |

3% C7 | 2430 2785 | 2874 | 3052 | 33.19

0% C8 | 2036] 2326 | 2400 | 2519 | 2652
" Flyash+ $5e3% D5 3778 | 4796 | 5278 | 5450 | 5544 |

Hyposiudge | 10%-10% | D6 | 3680 46.67 & S185 | 5350 | 5482
| 15%-15% | D7 2237 2652 | 2726 | 2933 | 3126 |

205200 D§ 1970 | 2296 | 2385 | 2415 | 2533 |
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Figure 4.5 Comparison of Compressive Strength (cubes)
(N/mm?2) of Various Mix of Fly Ash in M40 Grade
Concrete
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Figure 4.6 Comparison of Compressive Strength (cubes)
(N/mm?2) of Various Mix of Hypo Sludge in M40 Grade
Concrete
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Figure 4.7 Comparison of Compressive Strength (cubes)
(N/mm?2) of Various Mix of Fly Ash + Hypo Sludge in M40
Grade Concrete

All the mixes with inclusion of different percentages of
supplementary cementitious materials shows gain in

compressive strength with respect to the age of concrete. From
Figure no 4.5 it is observed that the use of fly ash upto 20% by
weight of cementitious materials reflects targeted strength at 28
days and the major part of the strength upto 20% inclusion is
gained at 14 days. Beyond 28 days the increase in compressive
strength is 10.13% for 56 days and 17.02% for 90 days. The
result indicates considerable reduction in compressive strength
to the order 0f56.55%, 53.51% and 51.93% on average for 30%
and 40% inclusion of fly ash at 28, 56and 90 days age
respectively. Figure no 4.6 shows the optimum replacement of
cement by hypo sludge is 20%. Up t020% replacement the gain
in compressive strength during early age at 7 and at 14 days is
of the order 100% and 85% which reflects the important
characteristics of sludge.
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Figure 4.8 Compressive Strength (N/mmz2) Development of
Hybrid Mix (Fly Ash + Hypo Sludge) Concrete Time in
Days for M40 Grade Concrete

The characteristic compressive strength of various mixes of
concrete are presented in table no. 4.2. Figure 4.8 shows the
graphical representation of hybrid mix (fly ash + hypo sludge)
concrete. The curves in figure 4.8 show the rate of compressive
strength development of hybrid mix (fly ash + hypo sludge)
concrete over a span of 90 days. Majority of compressive
strength is gained within 28 days and beyond it is not
measurable. With inclusion of fly ash and hypo sludge the
ultimate strength and rate of gaining strength decreases in
comparisons to the conventional mix. Percentage increases in
hybrid concrete both parameter show reduction. But for hybrid
concrete there are significant increases in compressive strength
beyond 28 days which reflects the major advantage of using
industrial waste as a pozzolanic material.

5. CONCLUSION

(A) INGREDIENTS:-

All the ingredients for the conventional concrete and industrial
sludge, waste and by-product concrete were tested as per
relevant standards and all the properties in terms of physical
and chemical composition found satisfactory for the use.

(B) MECHANICAL PROPERTIES:
Compressive Strength

1. For grade of concrete M25 20% hybrid mix (fly ash and hypo
sludge) replacement with cement gives the design strength at 28
days.
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2. For grade of concrete M40 10% hybrid mix (fly ash and hypo
sludge) replacement with cement gives the design strength at 28
days.

3. For design mix M25 grade concrete up to 20% replacements
gains early strength at7 days and required strength of 66% at 14
days age. Average increase in strength from 28 to 90 days for
grade M25 with an optimum replacement of cement with a
hybrid mix (fly ash and hypo sludge) (20%) founds to be
18.09%.

4. For design mix M40 grade concrete up to 10% replacements
gains early strength at7 days and required strength of 66% at 14
days age. Average increase in strength from 28 to 90
days for grade M40 with an optimum replacement of cement
with a hybrid mix (fly ash and hypo sludge) (10%) founds
to be 5.03%.

5. All the mixes reflect progressive gain in strength linearly
from the age of 7 days t090 days.

(C) PAVEMENT DESIGN FOR RURAL ROAD

1. The use of only Fly Ash increases slab thickness up to 60%
and cost by 20% under 30 kN wheel load, hence it is not
beneficial.

2. The use of only Hypo Sludge increases slab thickness up to
33% and cost by 8% under 30 kN wheel load, hence it is not
beneficial.

3. An optimum 20% replacement of cement with a Fly Ash—
Hypo Sludge blend maintains slab thickness and reduces cost
by 14% under 30 kN wheel load.

4. For 51 kN wheel load, all mixes with SCMs increase slab
thickness compared to normal concrete at 2%, 4%, and 6%
CBR.

5. The use of only Fly Ash increases slab thickness up to 57%
and cost by 20% under 51 kN wheel load, hence it is not
beneficial.

6. The use of 10% Hypo Sludge alone maintains slab thickness
and reduces cost by 6% under 51 kN wheel load, but higher
replacement levels increase both slab thickness and cost.

7. An optimum 20% replacement with the Fly Ash—Hypo
Sludge hybrid mix reduces the slab thickness and cost by 20%
for 2%, 4%, and 6% CBR. With 51kN wheel load.

Research outcome:

1. Potential use of industrial waste and by-products makes
green concrete, leading to the preservation of natural resources
and a contribution towards the reduction in costs and
greenhouse emissions.

2. The concrete with inclusion of hypo sludge and fly ash can
be used for the high-value application as it has both improved
engineering as well as durability parameters.

3. The experimental investigation recommends 20% and 10%
replacements of ordinary Portland cement by hybrid
supplementary cementitious material for grade M25 and M40
respectively

Future Scope:-

1. The study of behavior of rural road and national highway can
be done using various concrete mix made by using industrial
waste like copper slag, foundry sand, metakoline, pond ash, rice
hush ash etc.

2. The effect on rural road and national highway slab thickness
can be studied using various fibers such as polypropylene,
carbon, high-density polyethylene (HDPE), etc.

3. Other durability aspects, such as Carbonation, Rapid
Chloride Penetration, and Chloride Iron Penetration of concrete
using industrial waste could be studied.

4. The relationship between different days' compressive
strength can be derived using different computerized techniques
like Artificial Neural Network (ANN).

REFERENCES

[1] Aggarwal Vanita, Gupta S. M., Sachdeva S. N. (2010),
“Concrete Durability Through High Volume Fly ash Concrete
(HVFC) A Literature review”, Vanita Aggarwal et. al. /
International Journal of Engineering Science and Technology,
ISSN: 0975-5462, Vol. 2(9), 4473-4477.

[2] Ahmad Ruslan MohdRidzuan, MohdAzrizalFauzi, Ezliana

Ghazali, Mohd Fadzil Arshad and Mohd Afiq Mohd Fauzi
(2011) “Strength Assessment of Controlled Low Strength
Materials (CLSM) Utilizing Recycled Concrete Aggregate and
Waste Paper Sludge Ash”, IEEE Colloquium on Humanities,
Science and Engineering Research (CHUSER 2011), Dec 5-6,
Penang, PP-208- 211.

[3] Ahmad Sajad, Igbal Malik M., Wani Muzaffar Bashir,
Ahmad Rafiq (2013), “ Study of Concrete Involving Use of
Waste Paper Sludge Ash as Partial Replacement of Cement”,
IOSR Journal of Engineering (IOSRJEN) e-ISSN: 2250-3021,
p-ISSN: 2278-8719 Vol. 3, Issue 11 (November), |[V3|| PP 06-
15.

[4] Ahmaruzzaman M. (2010), “A Review on the Utilization
ofFly Ash”, Progress in Energy and Combustion Science 36,
327-363, Elsevier Ltd.

[5] Aires Camoes, Patricio Rocha, Pereira J. C., Aguiar J. B.,
Jalali Said (1998), “Low Cost High Performance Concrete
Using Low Quality Fly Ash”, ERM09S8, 12th European ready
mixed concrete congress, lisboa,june, pp-478-486.

[6] Akakin T., Engin Y., Ucar S., “Initial Cost Comparison of
Rigid And Flexible Pavements: Under Different Trafic and Soil
Conditions”.

[7] Alam J. and Akhtar M.N. (2011), “Fly Ash Utilization in
Different Sectors in Indian Scenario”, International journal of
emerging trends in Engineering and Development, Issue 1, Vol
1August, RS Publication, pp-1-14.

© 2025, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM54029 |

Page 8


https://ijsrem.com/

{.-t.' 1Y
¢ TISREM 3

h .o g7 International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 09 Issue: 11 | Nov - 2025

5

SJIF Rating: 8.586 ISSN: 2582-3930

[8] AlbinasGailius a &ZivileLaurikietyte (2003), “Waste Paper
Sludge Ash and Ground Granulated Blast Furnace Slag as
Binder in Concrete”, Journal of Civil Engineering and
Management, 9:3,198-202.

[9] Antonio Eduardo B. Cabral, Vieira Mylene M., Maria
Viviane A. dos Santos (2013), “Performance Assessment of
Concrete with Partial Replacement of Portland Cement by Coal
Ash”, World of Coal Ash (WOCA), April 11-15, Lexington,
Kentucky, USA, PP-1-9

[10] Avinash G, Ibrahim QS, Mehmood SQu, Syed Md AA,
Syed SH (2012), “Strength Aspects of Glass Fibre Reinforced
Concrete.” Int. J. Sci.Eng. Res. Government of India, Schedule-
4 [Rule 3(iii) & 19(i)] Notification, http://envfor.nic.in/.3(7): 1-
5.

[11] BaguiSwapan Kumar, (2012), “Pavement Design for Rural
Low Volume Roads Using Cement and Lime Treatment Base”,
Jordan Journal of Civil Engineering, Volume 6, No. 3,

[12] Bai J., Chaipanich A., Kinuthia J.M., O’Farrell M., Sabir
B.B., Wild S., Lewis M.H. (2003), “Compressive strength and
hydration of wastepaper sludge ash ground granulated blast
furnace slag blended pastes”, Cement and Concrete Research
33,1189-1202.

[13] BalwaikSumit A, Raut S P (2010), “Utilization of Waste
Paper Pulp by Partial Replacement of Cement in Concrete”,

International Journal of Engineering Research and Applications
(HERA) ISSN: 2248-9622, Vol. 1, Issue 2, pp.300- 309.

[14] Banchhor Anil, Krishnan S., “Advantages of using Fly Ash
in Concrete PPC or site mixing of OPC and fly ash site”.

[15] Basak Sudip, Bhattacharya Amartya Kumar, Paira L. K.
(2004), “Utilization of Fly Ash in Rural Road Construction in
India and its Cost Effectiveness”, ejge

[16] Bhalchandra S. A., Bhosle A. Y. (2013), “Properties of
Glass Fibre Reinforced Geopolymer Concrete”, International
Journal of Modem Engineering Research (DMER)
ww.ijmer.com Vol. 3, Issue. 4, Jul - Aug. pp-2007-2010 ISSN:
2249- 6645.

[17] Bhanumathidas N. and Kalidas N. (2003), “Fly ash: The
resource for construction industry”, April, The Indian Concrete
Journal, pp-997-1004.

[18] Bhatty JI., J Gajda PE., Botha, F. and Bryant MM, PG.
(2006), “Utilization of Discarded Fly Ash as a Raw Material in
the Production of Portland cement.”, Journal ofASTM
International, Vol. 3, No. 10.

[19] Bhattachaijee Ujjwal, Kandpal Tara Chandra (2000),
“Potential of fly ash utilisation in India”, Energy 27,151-166.

[20] Bhuvaneshwari P., Murali R. (2013), “Strength
Characteristics of Glass Fibre on Bottom Ash Based Concrete”,

International Journal of Science, Environment and Technology,
Vol. 2,No 1,90 - 102

[21] Bilodeau, A., Malhotra, V., (2000) “High-Volume Fly Ash
System: Concrete Solution for Sustainable Development.” ACI
Materials Journal. Vol. 97, No. 1, Jan-Feb,

[22] Binod Kumar, Tike G. K. and Nanda P. K. (2007),
“Evaluation of Properties of High-Volume Fly-Ash Concrete
for Pavements”, 906 / Journal of Materials in Civil Engineering
© ASCE / October, J. Mater. Civ. Eng.. 19:906-911.

[23] Camoes Aires, Rocha Patricio, Pereira J.C., Aguiar J.B.,,
Jalali Said (1998), “Low Cost High Performance Concrete
Using Low Quality Fly Ash”, ERMC098, 12th European ready
mixed concrete congress, Lisboa, Camoes, A. et al. June, p.478-
486.

[24] Carolyne Namagga, Atadero Rebecca A. (2009),
“Optimization of Fly Ash in Concrete: High Lime Fly Ash as a
Replacement for Cement and Filler Material”, World of Coal
Ash (WOCA) Conference - May 4-7, in Lexington, KY, USA,
PP- 1-6

[25] Chandramouli K., Srinivasa Rao P., Pannirselvam N.,
Seshadri Sekhar T. and Sravana P. (2010), “Strength Properties
of Glass Fibre Concrete”, ARPN Journal of Engineering and
Applied Sciences ISSN 1819-6608, VOL. 5, NO. 4, APRIL

pp.1-6.

[26] ChatteijecAnjan K., (2011), “Indian Fly Ashes: Their
Characteristics and Potential for Mechano-chemical Activation
for Enhanced Usability”, Journal of Materials in Civil
Engineering © ASCE / June / 783, J. Mater. Civ. Eng. 23:783-
788.

[27] Chore H. S., Dode P. A. and Shelke N. L. (2011), “
Compressive Strength of Fiber Reinforced Fly- Ash Concrete
using Regression Model”,
Advanced Science, Engineering and Information Technology
ICASEIT Cutting Edge Sciences for Future Sustainability Hotel
Equatorial Bangi-Putrajaya, Malaysia, 14 - 15 January, pp-602-
606.

International Conference on

[28] Chun Y., Naik T.R., and Kraus R.N. (2005). Durable
concrete through use of pulp and paper mill residuals,
composites in construction. In: Third international conference,
July 11-13, Lyon, France, pp. 6-9.

[29] Deshmukh S. H., Bhusari J. P ,Zende A. M. (2012), *
Effect of Glass Fibres on Ordinary Portland cement Concrete”,
IOSR Journal of Engineering June., Vol.2(6) pp: 1308-1312.

[30] Dhadse Sharda, Pramila Kumari and Bhagia L. J. (2008),
“Fly ash characterization, utilization and Government initiatives
in India . A review”, Journal of Scientific &industrial research,
Vol. 67, January, pp. 11-18.

© 2025, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM54029 |

Page 9


https://ijsrem.com/

{.‘t-, ‘33‘
¢ TISREM 3

eseurna International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 09 Issue: 11 | Nov - 2025

5

SJIF Rating: 8.586 ISSN: 2582-3930

[31] Dharani. N, Ashwini. A, Pavitha. G, Prince Arulraj. G
(2013), “Experimental Investigation on Mechanical Properties
of Recron 3S Fiber Reinforced Hyposludge Concrete”,
International Journal of Civil Engineering and Technology
(UCIET) ISSN 0976 - 6308 (Print) ISSN 0976 - 6316(Online)
Volume 4, Issue 1, January- February, pp. 182-189 © IAEME

[32] Emamul Haque Md (2013), “Indian fly-ash: production
and consumption scenario”, Intemat. J. Waste Resources, Vol. 3
(1) ISSN: 2252-5211, International Journal of Waste Resources
(UWR), http://www.ijwr.co, PP-22-25.

[33] Eskioglou P., Oikonomou N. (2008), “Protection of
Environment by the Use of Fly Ash in Road Construction”,
Global NEST Journal, Vol 10, No 1, pp 108-113.

[34] Fava Gabriele, Letizia Ruello Maria, Corinaldesi Valeria
(2011), “Paper Mill Sludge Ash as Supplementary Cementitious
Material”, Journal of Materials in Civil Engineering, Vol. 23,
No. 6, June, pp. 772-776.

[35] Ferrira J.G., Branco FA (2011). “GRC mechanical
properties for structural applications.” Institute Superior
Teehnico, A.V RoviscoPais, 1049-001 Lisboa, Portugal.

[36] Ferreria J.P.J.G AndBrance F.A.B (2007) “The Use Of
Glass Fibre Reinforced Concrete As A Structural Material”
May/June Experimental Techniques.pp-64-72.

[37] FreedaChristya C., Tensing D. (2010), “Effect of Class-F
fly ash as partial replacement with cement and fine aggregate in
mortar”, Indian Journal of Engineering & Materials Sciences,
Vol 17, April, pp. 140-144.

[38] Giaccio, GM, Malhotra, VM (1988), “Concrete
Incorporating High Volumes of ASTM Class F Fly Ash”,
Volume 10, Issue 2 (January), ISSN: 0149-6123, Paper ED:
CCA10088J DOI: 10.1520/CCA100887J, PP-1-8

[39] Goh, Chia-Chia., Show, Kuan-Yeow and Cheong, Hee-
Kiat. (2003), “Municipal Solid Waste Fly Ash as a Blended
Cement Material.”, Journal of Materials in Civil Engineering,
Vol. 15, No. 6, pp. 513-53-23.

[40] Gopalakrishna, S., Rajamane, N.P., Neelamegam, M.,
Peter, J.A. and Dattatreya, J.K. (2001), “Effect of partial
replacement of cement with fly ash on the strength and
durability of HPC.”, The Indian Concrete Journal, pp. 335-341.

[41] Gomale A., Quadri S.I., Quadri SM., Ali SM.A., &
Hussaini  S.S., (2012), “Strength aspects of glass fibre
reinforced concrete”, International Journal of Scientific &
Engineering Research, 3(7).

[42] Gowri R., M. Mary Angeline (2013), “Effect of Glass
Wool Fibres on Mechanical Properties of Concrete”,
International Journal of Engineering Trends and Technology
(UETT) - Volume4 Issue7- July, ISSN: 2231-5381,
http://www.ijettjoumal.org, pp- 3045-3048.

[43]Gujarat State Electricity Corporation Limited (2010-11)
(GSECL) www.gsecl.in

[44] Gupta Pardeep Kumar (2013), “High Volume Fly Ash
Concrete Road”, International Journal of Emerging Technology
and Advanced Engineering Website: www.ijetac.com (ISSN
2250-2459, ISO 9001:2008 Certified Journal, Volume 3, Issue
3, March) PP-852-856.

[45] Guru Vittal U.K (2012), “Use ofMarginal Materials & Fly
Ash in Road Works”, Workshop on Non-Conventional
Materials/ Technologies, organized by NRRDA, Min. ofRural
Development, Gol on 18th February at CRRI, New Delhi, pp-
93-98

fdedkh ke hhtd

© 2025, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM54029 |

Page 10


https://ijsrem.com/

