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An Investigation to Replace sand with Kunkur
Quarry dust as fine Aggregates in Concrete.

Dennis Mumo Ndolo, Gwaya Abednego, Stephen Diang’a

Abstract— Following a national outcry by environment
management  organizations  both  governmental and
non-governmental to preserve rivers it’s seen to be strongly
backed by political leaders which is posing a great threat to the
future of construction industry. This therefore calls for thorough
investigations on alternative materials which can potentially be
used to replace sand either partially or fully to help preserverivers
which arethemajor source of sand. Sand harvesting is associated
with drying up of rivers which causes water problems to the
communities during the dry period. At present, the identified
alternative sources are manufactured sand (mechanically crushed
rock sand).This source proves to be expensive as machinery must
be purchased purposely for crushing the aggregates and extra cost
must be incorporated with this process. The alternative sought
should therefore be of a lower cost compared to what is currently
in use. The research examined the use of Kunkur fines to test its
potential for use as an alternative to preserve the drying rivers.
The research used quantitative design to examine its variables
which extend from the raw materials, fresh and the hardened
concrete. Kunkur fines from EAPCC quarry is a potential
material for partially replacing sand up to 50% for fine aggregates
in concrete as it qualifies the tests which arerequired to regard a
material as having sufficient structural strength and suitable for
use as fine aggregate. An increase of Kunkur fines in the blend
dlightly reduces the strength of concrete. Up to 50% replacement
the blend gives sufficient structural strength of 20N/mm? and
above with further increase of Kunkur recording lower values
than the design strength. Kunkur has low silt content which is
dlightly higher than that of sand by 0.91% but below the maximum
required percentage by BS 812 of 5%. The research recommends
the use of Kunkur fines asit will help reduce the amount of sand
harvested in the rivers annually by half and this will reduce the
effect of water scarcity in the affected areas. Its use will also solve
the problem of heap disposal by the EAPCC in the mines as the
waste will be appropriately used in the construction industry.

Index Terms—Kunkur fines, Aggregates, Sand, concrete
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[. INTRODUCTION

Demand for buildings is increasing at a very high rate
considering the fact that shelter is a basic need and a person
can barely survivewithout. Thisincreased demand is causing
an increase in the pay for rent and investors are looking for
the cheapest means possible to construct their buildings in
order to lease their units with cheapest amount at high profit
(Collins, 2013). Concrete forms the better part of the middie
and high rise building as it is majorly used to construct the
main structural elements including slabs, columns, beams
and even retaining walls for basements. The concrete which
contains cement, fine and coarse aggregates mixed with
water should be given a greater concentration by the
innovators and researchers to examine other substitutes
which can replace the traditionally used materials including
crushed granite stone for coarse aggregates and the river sand
which has been predominantly used over the past years.
There has been an outcry by the government and other
non-government environment management organizations
calling for the ban of sand harvesting and this brings agreater
threat to the construction industry as the firms entirely
depends on this sand to produce their concrete. Construction
process in the recent years has been undergoing through
technologica revolution where most of the work which was
handled manually is being executed by machinery. In the
past, execution of works was a mgjor concern as manua
construction process was very slow and the buildings used to
take avery long time before completion. Thisled to constant
researches and investigations trying to look on other
aternatives which can be employed on site to accelerate the
execution of works and this brought construction industry to
the level of mechanization which it is today (Collins, 2013).
Time crisis having been successfully solved another problem
related to materials and specifically sand has emerged and the
same efforts applied in solving the challenges of timely
completion of projects should in fact be deviated as whole to
solve the upcoming crisis of sand shortage and banning by
leaders and environment preservation organizations (Callins,
2013)

[I. OBJECTIVES

1. To investigate the possibility of replacing sand with

Kunkur dust in concreting.

2. To examine the structura characteristics of the concrete

made with Kunkur dust.

3. To examine the structural characteristics of the concrete
made with Kunkur dust.
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An Investigation to Replace sand with Kunkur Quarry dust asfine Aggregatesin Concrete.

1. RESEARCH METHODOLOGY

The objective of this study isto examine the possibility of
partially replacing sand with Kunkur finesfor fine aggregates
in concrete with a specific objective of testing its strength
properties. The study achieved this by using laboratory tests
to assess the strength and specific properties.

A control mix using 100% sand was made to study the
behavior of the mix in question by comparing the strength
and other properties when partially replaced with Kunkur
fines.

Experimental study design was employed. The main
rescarch method was laboratory research. Samples of
concrete mixes containing varying amounts of Kunkur fines
were made and subjected to the appropriate teststo determine
the optimum amount. This is aso Co relational research
which aimsto examine and describe the rel ationship between
sand and Kunkur fines concrete using laboratory tests.
Certain properties of Kunkur were also determined by
laboratory tests as explained below. The study adopted the
library, field and laboratory tests as the main forms of
research.

Fig 1. Sié/e ana]ysisfor'Aggregat&e Sour ce (author 2013)

IV. RESEARCH FINDINGS

This research work has been undertaken to assess the
possibility of using kunkur waste as a partial replacement of
fine aggregatesin concrete. The mix ratio was 1:2:4 (Cement:
Fine aggregates. Coarse aggregates) and the water was added
to produce a slump of 30- 60 mm. The proportions of fine
aggregates were varied (sand and kunkur) to study the
behavior of concrete. The batching adopted was by weight
which recommended for use in the laboratory.

Slump test results

The slump was maintained between 30-60mm which gives a
good workable mix. At aconstant volume of water, the lump

increased with increasing percentage of Kunkur and decrease
of sand.

Sieve Analysis

The sieve analysis results of this study compare favorably
with the BS 812 requirements where the gradation of both
Kunkur fines and sand falls within the required brackets.
Kunkur therefore qualifiesto be classified as afine aggregate
according to BS 812.

Bulk test

Bulking test was carried out to determine the amount of water
that Kunkur and sand requires to be fully saturated. The
results found that bulking of sand was 33.64% compared to
Kunkur with 20.45% and this explains the reason why the
slump of concrete increases with increasing amount of
Kunkur fines at constant volume of water.

Silt Content

Sand recorded a silt content of 3.64% while kunkur recorded
a dightly higher value of 4.55% which is falling within the
BS 812 requirements of |ess than 5% and this makes kunkur
to qualify for use as fine aggregates for concrete.
Compressive strength test

The research found that kunkur fines have a potential of
replacing sand up to 50 percent. The 28" day strength for 25
and 50% was close to the control mix providing the design
strength of 20N/mm?. The reason why the increase in kunkur
fines is recording a lower strength due to its slightly higher
percentage of silt content of 4.55% compared to sand which
has 3.64%.

Tensile and flexural strength test

The 28 days strength was recorded for both concrete beams
and cylinders using varying proportions of sand and Kunkur.
The flexural strength of the concrete beams was found to be
reducing with increasing amount of Kunkur fines (see table
4.13) with control mix recording a strength of 3.05N/mm?
reducing al the way to the plain Kunkur beam with a strength
of 2.77N/mm? This is 9.2% strength reduction in full
replacement of sand and 5.9% in partial replacement of 50%
sand with Kunkur fines.

The Tensile strength of concrete cylinders was also found to
be reducing with increasing amount of Kunkur fines (see
table 4.12) with control mix recording a strength of
2.21N/mm? reducing all the way to the plain Kunkur beam
with a strength of 1.73N/mm?2. This is 21.7% strength
reduction in full replacement of sand and 7.23% in partid
replacement of 50% sand with Kunkur fines. The results of
this study compare favorably with the literature review which
stated that concrete is good in compressive strength but very
poor in tensile strength as its evident in the results that
concreteis giving very low values for the tensile and flexura
strength compared to the compressive strength of the same
age and the same mix under similar conditions.

Table1l. Mix Code and descriptions

Mix code No. | Mix code 1:2:4 Mix description

1 K0:S100 Control mix with 0% kunkur and 100 % sand
2 K25:575 Concrete with 25% kunkur and 75 % sand

3 K50:S50 Concrete with 50% kunkur and 50 % sand

4 K75:525 Concrete with 75% kunkur and 25 % sand

5 K100:30 Concrete with 100% kunkur and 0 % sand

Key: K> Kunkur, S>sand
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Table2. Mix batch proportions

Constituents Mix
type
Mix code no. 1 2 3 4 5
Cement 7.70 7.70 7.70 7.70 7.70
Sand 13.64 10.23 6.82 341 0.00
Kunkur 0.00 341 6.82 10.23 13.64
Coarse aggregates 20.47 20.47 204 20.47 20.47
Water 4,25 4.45 473 4,69 5.20
AN
50 43
40 FEnznn
SE
30 -FE sImmaininoan sREnl
slump for pure sand and
20
10
]
sanr kiinkur
Twne of fine asoregates

Fig 1. Slump resultsfor pure sand and pure kunkur. (Sour ce author 2013)

Table 3. Slump Test Results (30-60 mm)

Mix type
1 2 3 4 5
Slump Results 33 355 38 42 48
(mm)
Table4. Compressive Strength test results
Type of mix Class Age of curing Average
(N/mm?) (days) Compressive
strength
(N/mm?)
Control mix (0% 7 135
K: 100% S) 20 14 17.78
28 20.76
Blended mix (25% 7 12.17
K:75% S) 20 14 16.64
28 20.17
Blended mix (50% 7 11.78
K:50% S) 20 14 16.53
28 19.83
Blended mix (75% 7 11.26
K:25% S) 20 14 15.39
28 17.37
Blended mix 7 8.26
(100% K: 0% S) 20 14 12.47
28 16.30
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Table5. Tensle Strength test results

Type of Mix Class Age of Average
(N/mm2) curi ng Tensl
(days) estrength (N/mm2)
Control mix
(0% K: 100% S) 20 28 221
Blended mix
(25% K: 75% S) 20 28 2.10
Blended mix
(50% K: 50% S) 20 28 2.05
Blended mix
(75% K: 25% S) 20 28 1.86
Blended mix
(100%K: 0% S) 20 28 173

V. RESEARCH FINDINGS(CONTINUED)

Kunkur fines from EAPCC quarry is a potential material in
replacing sand for fine aggregates as it qualifies the tests
which are required to regard a material as having sufficient
structural strength and suitable for use as fine aggregate. An
increase of Kunkur fines in the blend dlightly reduces the
strength of concrete. Up to 50% replacement the blend gives
sufficient structural strength of 20N/mm? and above with
further increase of Kunkur recording lower values than the
design strength. Kunkur has low silt content which isdlightly
higher than that of sand by 0.91% but below the maximum
required percentage by BS 812 of 5%. It was also found that
Kunkur requires less water than sand to be saturated and thus
an increase in Kunkur content reduces the amount of water
required to give a concrete mix of a certain sump. The
particle size distribution falls within the BS 812 requirement
brackets and this makes Kunkur a potentia substituent
material for sand in concrete as fine aggregates.

Following a national outcry by environment management
organizations both governmental and non-governmental to
preserve rivers it’s seen to be strongly backed by political
leaders which is posing a great threat to the future of
construction industry. This therefore calls for thorough
investigations on aternative materials which can potentially
be used to replace sand either partialy or fully to help
preserve rivers which are the major source of sand. Sand
harvesting is associated with drying up of riverswhich causes
water problems to the communities during the dry period.
The research recommends the use of Kunkur fines as it will
help reduce the amount of sand harvested in the rivers
annually by half and this will reduce the effect of water
scarcity in the affected areas. Its use will also solve the
problem of heap disposa by the EAPCC in the mines as the
waste will be appropriately used in the construction industry.
The disposal which is currently a maor concern to the
cementers may be converted to a source of income by selling
the “waste” to builders.

VI. CONCLUSION

Due to ability of Kunkur fines to partialy replace river sand
up to 50% it should adopted and embraced by professiona
practitioners in the construction industry to help reduce the
high demand of sand which causes the over exploitation in
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the riversleaving them exposed and un able to preserve water
during hot and dry periods. If these fines are adopted in the
industry then the annual demand of sand will be expected to
reduce by approximately half as it replaces sand by 50%.
Kunkur requires lower amount of water to be saturated and
this means that it absorbs less water than sand. If the two are
blended then they will give agood workable mix at a constant
W/C ratio compared to when plain sand is used and this was
evident in the slump tests carried out.The reducing strength
trend as more Kunkur is added indicates that it contains
higher deleterious materials and therefore a washed sample
should be examined and check whether it can replace sand
fully. The study affirmsthe potential of Kunkur waste at 50%
replacement of sand in concrete and thus providing a solution
to the current waste disposal problems at the EAPCC Kunkur
mines.
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