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Abstract—Portland cement as a constituent in concrete is one of the main constituent broadly used exclusively in growing nations.
Performance of concrete for pavement by replacing different percentage of industrial wastes by weight of cement for a controlled
mix of M40 grade concrete and to analyze the effect of Admixtures on concrete. The scope for alternative binder or cement
auxiliary materials is by using industrial derivatives and agricultural wastes.

The main scope of the investigation is to use limited substitution of cement in concrete pavement using different types of additives
like Lagoon Ash, Rice Husk Ash are used which improve the Strength and Durability. In addition, it is also aimed to compare the
mechanical properties of these Conventional mixes. The properties such as compressive strength, flexural strength, workability
with initial tests on materials were performed and the principal advantages, major dis-advantages, principal applications in Indian
construction industry were discussed & Cost Analysis of pavement also observed.

Keywords—Cement, Cost Effective Pavement, Lagoon Ash, Rice husk ash, Strength.

l. INTRODUCTION

The cost of concrete is reduced by replacing cement
with pozzolanas. The increasing requirement for cement and
concrete is resolved by partial cement replacement.
Considerable energy and cost savings can result when
industrial derivatives are utilized for the energy intense
Portland cement. The disposal of large quantities of
materials that pollute land, water and air are used as
derivatives which generates eco-friendly atmosphere. Use of
industrial derivatives in concrete leads to green environment
and called as “Green Concrete”.

The most commonly used industrial waste to replace
sand and cement in concrete are Fly Ash, Rice Husk Ash,
Blast Furnace Slag, Pond ash, Red Mud.

Rice husk being the main agricultural residues obtained
from the outer covering of rice grains during milling
process. An approximation of 1,000 kg of rice grain
produces 200 kg of Rice Husk after burnt. No useful
application usually dumped into water streams resulting in
pollution until it was known to be a useful mineral
admixture for concrete.

The disposal of lagoon ash is a big challenge to all as
concerning to their quantity which is increasing day by day.
Hence worldwide investigation was performed to find

alternative use of this waste material and its use in concrete
as a partial replacement of cement is one of the effective
methods of utilization. The possibility of utilization of
thermal power plant byproduct i.e. lagoon ash as
replacement to cement in concrete is taken into
consideration.

1. LITERATURE REVIEW

Obilade, I. O, (2004)This paper presents the results of
the investigation carried out on the use of Saw Dust Ash
(SDA) as partial replacement for Ordinary Portland Cement
(OPC) in concrete. SDA was used to replace OPC by weight
from 0 to 30% in steps of 5%.The results revealed that the
Compacting factor decreased as the percentage replacement
of OPC with SDA increased. The compressive strength of
the hardened concrete also decreased with increasing OPC
replacement with SDA.

K.M.Bagwan and S.S.Kulkarni (2006) has tested the
pond ash concrete by partial replacement of cement with
pond ash and tests were conducted for 7,28,56,90,150 days.
Results have shown that later age strength of pond ash
concrete has increased which creates sustainability in
Construction field.

Yunfeng Lil, Fanying Kongl and RonggiangDu(2009).
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Briefed The high performance concrete can be
produced using mineral admixtures — steel slag powder and
blast furnace slag. The recycling of steel slag can bring
enormous economic benefit and environmental benefit.

XiaoluGuo, (2013) Briefed The feasibility of steel slag
powder as a combined admixture with ground granulated
blast-furnace slag (GGBFS) in cement based materials was
explored. The effects of steel slag powder on the normal
consistency water requirement, setting times, compressive
strength, and hydration products of cement paste/mortar
were studied. The results showed that the preferred
additional content of steel slag powder in a combined
admixture was less than 20%.

J.D.Bapat(2015) used 55% and 65% of lagoon ash as
cement replacement and change in strength was observed
over a period of 365 days and concluded that, the use of
lagoon ash in high volume in dry lean concrete for road
construction contributes problem solving of environmental
pollution.

I1. MATERIAL CHARACTERISTICS
A. Cement

Cement used is ordinary Portland cement confirming to
IS: 12269-1987. The cement is fresh, uniform color and is
free from lumps and foreign matter. The type of cement
used throughout the experiment was Ordinary Portland
Cement of grade 43 (OPC-43). This is the most common
type of cement used in general concrete construction where
there is no exposure to sulphates in the soil or in the ground
water.

7 days

28 days

Table-1 Physical properties of cement
B. Coarse Aggregate

The maximum size of the aggregate maintained is 20
mm and it is qualified in all the tests as per IS 2386.

Specific gravity of coarse aggregate 2.86
Water absorption 0.5%
Aggregate impact value 26%
Aggregate crushing value 29%
Flakiness index 9%
Elongation index 12%

Table-2 Physical properties of coarse aggregate

C. Fine Aggregates

Fine aggregates used are hard, durable, clean, and are
free from organic matter. The silt contents not exceeding 4%
and Sand used is of Zone- IV of specific gravity of 2.6.
D. Lagoon Ash

Utilization of Thermal Power Plant by-product Pond
ash, as replacement to cement in concrete is taken into
consideration.

E. Admixture

Rebuild 522 is water reducing admixture .which was
manufactured by D-BASF chemical company.

F. Rice Husk Ash

RHA is a good super-pozzolans. RHA can be used in a
big way to make special concrete mixes low replacement
will dramatically enhance the Workability, strength and
impermeability of concrete mixes.

(AVA MIX DESIGN

TEST RESULT | RECOMMENDATIONS
Fineness, 99 225 minimum
m?/kg
Soundness, 5 10 maximum
mm
Specific 3.14 3.0-3.25
gravity
Setting 30,480 30,600 maximum
Time, min
Compressive 24 23
strength 38 33
,MPa 46 43
3 days

Mix Cement Fine Coarse Water
Aggregat | Aggregate
e
Ratio 1 1.52 2.67 0.4
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Quantit | 450Kg/m | 680Kg/m | 1200Kg/m | 180Li
3 3 3
y t

Table-3 for M40 Grade Concrete: Is 456:2000

A. Mix Proportion

Admixt | Cem | F.A | CA | Wat | w/ | Rice | Lago

ure ent | Kg/ | Kg/ | er ¢ | hus on

% Kg/ | m* | m® | Lit |rat | k ash

m* io | ash | Kg/

Kg/ | m®

m3
0% 450 | 680 | 120 | 180 | 0.4 - -

0 0

10% 405 | 680 | 120 | 180 | 0.4 | 45 45
0 0

20% 360 | 680 | 120 | 180 | 0.4 | 90 90
0 0

30% 315 | 680 | 120 | 180 | 0.4 | 135 | 135
0 0

40% 270 | 680 | 120 | 180 | 0.4 | 180 | 180
0 0

50% 225 | 680 | 120 | 180 | 0.4 | 225 | 225
0 0

60% 180 | 680 | 120 | 180 | 0.4 | 270 | 270
0 0

Table-4 Mix Contents for Admixtures

Fig. 2.curing of samples

B. Preparation of Samples
V. RESULTS AND DISCUSSION
In order to determine the mechanical characteristics
such as compressive and flexural strengths different samples Trial mixes were conducted for 7 days for different
are prepared. Later they were tested on compressive testing ~ proportions of Lagoon Ash and Rice Husk Ash.

machine and UTM. Samples are prepared with optimum

dosage of Lagoon Ash & Rice Husk Ash. 0% | 10% | 20% | 30% | 40% | 50% | 60%
) Lagoon 253 | 2812 | 303 | 322 | 26.1 | 283

The compressive strengths of concrete has been Ash | 281 | Mpa | Mpa Mpa | Mpa | Mpa | Mpa

evaluated by testing cubes of size 150mmx150mmx150mm. Rice | Mpa [ 287 | 3042 | 298 | 271 | 256 | 228

The flexural strength of concrete have been evaluated by Husk Mpa | Mpa Mpa | Mpa | Mpa | Mpa

testing prisms of dimension 150mmx100mmx100mm.After Ash

casting of these specimens these are kept in moulds for

24hours at a temperature of 27 + 2 degree Celsius. After 24 Table-5 7-Days Compressive strength for Trial mixes

hours these are removed from the moulds and are put into
curing tank and tested for 7, 28 days respectively.
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Fig. 3. Trial mix results of different concrete mixes at
7days
From the results attained Lagoon ash 40% & RHA 20%
are found to be optimum.

A. Workability of Concrete Test
Slump cone test was performed to determine the

workability of the concrete mixes. The slump values for
different mixes tabulated below

Fig. 4. Workability of concrete mixes
From above results we observe that workability is
reduced for lagoon Ash concrete compared to conventional
concrete.

B. Compressive Strength

Compressive strength of 40% Lagoon Ash & 20% Rice
Husk Ash concrete mix at 7&28 days

Mix 7 days 28 days
(MPa) (MPa)
cc 28.12 42.26
LAC 3227 48.35
RHAC 30.42 39.07

Mix Type Slump(mm)
Conventional concrete(CC) 65
Lagoon Ash concrete(LAC) 39

Rice Husk Ash Concrete(RHAC) 42
w| 7

50 - %

40 - % . 7

ol I

<8 B

Table-7 Compressive strength

From the table-7 it is observed that rate of increment in
compressive strength of the cc at age of 28 days is 50%
compared to 7 days, compressive strength of the LAC at age
of 28 days is 49% increment compared to 7 days, & RHAC
is 29% increment at age of 28days compare to 7 days. It is
also observed that rate of increment in compressive strength
of the LAC is 15% and 24% compared at age 28 days of
CC & RHAC respectively.
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Fig. 5. Compressive strength of concrete mixes at 7&28
days
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Fig. 6. Cube Testing

C. Flexural Strength

Mix 7 days 28 days
(MPa) (MPa)
CcC 4.58 6.31
LAC 5.44 7.32
RHAC 3.98 5.72

From the table-8 it is observed that rate of increment in
flexural strength of the cc at age of 28 days is 38%
compared to 7 days, flexural strength of the LAC at age of
28 days is 35% increment compared to 7 days, & RHAC is
43% increment at age of 28days compare to 7 days.It is also
observed that rate of increment in flexural strength of the
LAC is 16% and 27% compared at age 28 days of CC &
RHAC respectively.

FLEXURAL STRENGTH
m 7 DAYS m 28 DAYS

FLEXURAL STRENGTH
O RLr N WM OO N ©

cc LAC RHAC

TYPE OF MIX

Fig. 7. Flexural strength values of different mixes at
7&28 days

Fig. 8.Prisims Testing
VI.  DESIGN OF SLAB THICKNESS

The design parameters values taken from IRC-58:2002,
except traffic data, axle load survey and temperature
differential.

Flexural strength of cement concrete = 64.43kg/cm2
Effective modulus of subgrade reaction of = 8 kg/cm3
the DLC sub-base

Elastic modulus of concrete = 3x105kg/ cm2
Poisson’s ratio = 0.15
Coefficient of thermal expansion of

Concrete = 10x10-6/0C
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Tyre pressure = 8kg/lcm2
Rate of traffic increase = 0.05
Spacing of contraction joints = 45m
Width of slab = 35m
Design life = 30 years
Present traffic = 2891 cvpd

Quantity and cost of each material estimated for a
stretch of 1m length and 3.5wide pavement. Unit cost of
materials per kg of the materials is shown in table.11. Cost
of the pavement with various thicknesses for CC and LAC
& RHAC were determined and was compared to
Conventional concrete to know the cost benefits of using
Lagoon Ash & Rice Husk Ash. The cost of the pavement for
two types of concrete is shown in table-12.

The unit cost of the materials per kg taken from
COMMON SCHEDULE OF RATES AS PER AP.
REVISED STANDARD DATA FOR THE YEAR 2015-16.

Single Axles Tandem Axles
S.no. Material Rate per kg in Rs.
Load in Expected Load in Expected
tonnes repetitions tonnes repetitions 1 Cement 6
20 175268 36 52580 2 Fine aggregate 0.45
18 368063 32 52580
3 Coarse aggregate 0.8
16 858814 28 105160 (20mm)
14 1963003 24 315480 4 Super plasticizer 50
12 2769237 20 262902 5 Lagoon ash 01
10 2804290 16 87634
Less than 3855900 Less than 350536 6 LAY\ ad 0.2
10 16
Table-11 Cost analysis
Table-9 Expected repetitions for single and tandem axle .
loads Pavement type Thickness (cm) Cost (rupees)
Taking the above design parameters and expected cc 25 3516
repetition values into considerations and design the slab
thickness according to IRC-58:2002 for conventional,& LAC 23 2263
Lagoon Ash , Rice Husk Ash , concretes.
Grade of Flexural Slab Fatigue life Corner RHAC 25 2995
Concrete strength thickness | consumed stress
(M40) (Kg/em2) (cm) (Kg/em2) Table-12 Cost analysis of CC&LAC,RHAC pavements
ccC 64.5 25 0.013 235 From the above calculation we can save 1253 /- Rs per
1m length by using Lagoon Ash replacing Cement & 521 /-
LAC 74.6 23 0.016 27 Rs per 1m length by using Rice Husk Ash replacing
Cement . The construction cost of the pavement is reduced
0 . o . .
RHAC 585 o5 061 735 %hSS % by using Lagoon Ash & 18 % by using Rice Husk

Table-10 Slab thickness design

Cost Comparison of Pavements

CONCLUSSION

[1] From the test results 40% replacement of cement
with Lagoon Ash, 20% replacement of cement with Rice
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Husk Ash in concrete improves concrete mechanical
properties compared to conventional concrete. Hence it is
the optimum replacement of the cement by Lagoon Ash &
Rice Husk Ash.

[2] It is evident that from the results flexural strength
of Lagoon Ash concrete increases17% at age of 28 days
compared to conventional concrete.

[3] It is evident that from the results flexural strength
of Rice Husk Ash concrete decreases at age of 28 days
compared to conventional concrete.

[4] It is observed that the optimum dosage of LA in
concrete reduces the pavement thickness by 9% & the
construction cost of the pavement was reduced up to 55%.
[5] It is observed that the optimum dosage of RHA
decreases the construction cost of the pavement was up to
18%.

REFERENCE

[1] Guo, X., & Shi, H. (2012). Utilization of steel slag
powder as a combined admixture with ground granulated
blast-furnace slag in cement based materials. Journal of
Materials in Civil Engineering, 25(12), 1990-1993.

[2] Li, G., & Zhao, X. (2003). Properties of concrete
incorporating fly ash and ground granulated blast-furnace
slag. Cement and Concrete Composites,25(3), 293-299.

[3] Buddhdev, B. G., & Varia, H. R. (2014).
Feasibility Study on Application of Blast Furnace Slag in
Pavement Concrete. International Journal of Innovative
Research in Science, Engineering and Technology, 3(3).

[4] Li, Y., Kong, F., & Du, R. (2009). Application of
high performance concrete mixed with steel slag powder in
concrete pavements. Proceedings of the ASCE Critical
Issues in Transportation System Planning, Development,
and Management (ICCTP’09), 1, 1-7.

[5] Ivana, S. D., Barisi¢, I. N., & Dimter, S. (2010).
Possibilities of application of slag in road construction.
Tech. Gaz, 17, 523-528.

[6] Chrismer, J. L., & Durham, S. A. (2010). High
volume fly ash concrete for highway pavements. In
Proceedings of the Green Streets and Highways 2010
Conference, ASCE (pp. 390-400).

[7] Chung, D. D. L. (2002). Review: improving
cement-based materials by using silica fume. Journal of
Materials Science, 37(4), 673-682.

[8] Papayianni, I; Anastatiou, E;. (2006). "Cost-
Effetive mixtures of Concrete Pavements." ASCE, 1008-
1017.

[9] S, Santosh Kumar. (n.d.). "Mechanistic Design of
Concrete Pavement". IRC (pp. 1-7). Journal of The Indian
Roads Congress.

[10] Bapat, J. D., Sabnis, S. S., Hazaree, C. V., &
Deshchowgule, A. D. (2006). Ecofriendly concrete with
high volume of lagoon ash. Journal of materials in civil
engineering, 18(3), 453-461.

[11] Bagwan, K. M., & Kulkarni, S. S. (2015). A
STUDY ON PROPERTIES OF CONCRETE USING
POND ASH AS PARTIAL REPLACEMENT OF
CEMENT.

[12] Ghosh, P., & Goel, S. (2014). Physical and
chemical characterization of pond ash. International Journal
of Environmental Research and Development, 4.

[13] Malik, M. I., Manzoor, A., Ahmad, B., Asima, S.,
& Ali, R. Effectiveness of Use of Rice Husk Ash as Partial
Replacement of Cement in Concrete.

[14] Maske, N. A., Anandkumar, A., & Majumder, A.
(2013). Analysis of rigid pavement stresses by Finite
Element Method & Westergaard’s Method by varying sub-
grade soil properties. Analysis, 2(3).

[15] Chou, Y. T. (1983). Comparative analyses of rigid
pavements. Journal of transportation engineering, 109(5),
669-688.

[16] Lee, Y. H. (1999). TKUPAV: stress analysis and
thickness design program for rigid pavements. Journal of
Transportation Engineering, 125(4), 338-346.

[17] Fogg, J. A, Baus, R. L., & Ray, R. P. (1991).
AASHTO rigid pavement design equation study. Journal of
Transportation Engineering, 117(1), 124-131.

[18] Putri, E. E., Rao, N. K., & Mannan, M. A. (2012).
Evaluation of modulus of elasticity and modulus of
subgrade reaction of soils using CBR test. Journal of Civil
Engineering Research, 2(1), 34-40.

[19] Tran, N., Hale, M., & Hall, K. D. (2008).
Coefficient of Thermal Expansion of Concrete for Rigid
Pavement Design. In Symposium on Pavement Mechanics
and Materials. 18th ASCE Engineering Mechanics Division
Conference (No. Geotechnical SP 182).

[20] Maske, N. A., Anandkumar, A., & Majumder, A.
(2013). Analysis of rigid pavement stresses by Finite
Element Method & Westergaard’s Method by varying sub-
grade soil properties. Analysis, 2(3).

[21] Kolisetty, R. K., & Chore, H. S. Utilization of
Waste Materials in Construction Activities: A Green
Concept.

[22] Obilade, 1. O. (2012). Use of Saw Dust Ash as
Partial Replacement for Cement In Concrete. 1JESI ISSN
(Online), 2319(6734), 36-40.

[23]  Singh, A. P. (2013). EFFECT OF FLY ASH AND
RICE HUSK ASH ON STRENGTH CHARACTERISITCS
OF PAVEMENT QUALITY CONCRETE(Doctoral
dissertation, THAPAR UNIVERSITY, PATIALA).

All Rights Reserved © 2016 IJERMCE 21



#IFERP

.
omsectng 1t garers drwisplag Tveiatch

ISSN (Online) 2456-1290

International Journal of Engineering Research in Mechanical and Civil Engineering

(IJERMCE)
Vol 1, Issue 5, September 2016

[24] Sonawane, P. G., & Dwivedi, A. K. (2013).
Technical Properties of Pond Ash-Clay Fired Bricks—An
Experimental Study. American Journal of Engineering.

[25] Cannon, R. W., Godfrey, D. A., & Moreadith, F. L.
(1992). Considerations for design of concrete structures
subjected to fatigue loading (No. 215R-74). ACI Report.

IS-CODES

[1] IS: 383-1970 “Specification for coarse and fine
aggregates from natural sources for concrete.”

[2] IS: 456-2000 “Code of practice for plain and
reinforced concrete for general building construction.”

[3] IRC: SP:62-2014, “Guidelines for Design and
Construction of cement Concrete Pavements For Low
Volume Roads”

[4] IS: 4031 — PART-3, “Determination of fineness of
cement”.

[5] IS: 2720 — PART-3 “Determination of Specific
gravity of cement”.

[6] IS: 10262-2009, “Recommended guidelines for
concrete mix design, Bureau of Indian standards”, New
Delhi, India.

[7] IS: 516-1959, Indian standard methods of tests for
strength of concrete, Bureau of Indian Standards, New
Delhi, India.

[8] IRC: 58-2002, “Guide lines for the design of plain
jointed Rigid Pavements for the Highways”.
[9] IS: 8112-1989, “Manufacture and chemical and

physical requirements of 43 grade ordinary Portland
cement”.

[10] IS: 2386 (part-1)-1963, “Methods of testing for
aggregate for concrete”.

All Rights Reserved © 2016 IJERMCE

22



