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Abstract: - The fundamental aim of this project was aimed to
verify the processes of block moulding using iron ore tailings,
sand, cement and water to compare the compressive strength
between the use of iron ore tailings in moulding of blocks and
ordinary sharp sand in moulding of sand crate blocks. The iron
ore tailing that was test run for this research are of various types
and sizes this includes: soft rocks tailings, hard rocks tailngs, fine
tailings and course tailings. And size ranges between 1.6mm,
1.0mm, 0.63mm, 0.315mm, 0.8mm and 0.16mm.0.8mm size of
iron ore tailing was found suitable for this research.150mm x
225mm x 450mm hollow blocks were produced at the concrete
laboratory and the quality of the various components were
obtained from the mix and weighed using weighing balance.
slump test and compressive strength test was conducted to
measure the workability and to meet up with standard procedure
for concrete production .The samples blocks were crushed each
at 7,14,21, and 28 days after casting and cured . The test results
showed that the lower the replacement of the fine aggregates the
greater the compressive strength; there was increase in the
percentage replacement of using conventional fine aggregates
with iron ore tailings; 25-30% replacement of iron ore tailings is
more appropriate, quality and economical in the production of
sand crate blocks. The research recommends that itakpe iron ore
(10T) is a suitable materials for most engineering constructions
works and materials like heavy weight concrete, high density
blocks and stabilization of lateritic soil; more research should be
conducted on using iron ore tailings to improve engineering
properties of very expensive soils such as black cotton.

Keywords: Iron ore tailing, Moulding, Sand crete block,
Compressive strength, Curing

I. INTRODUCTION

Sand crete blocks are blocks made from a mixture of sand,
cement and water. They are commonly used in Nigeria
and virtually in all African countries. For a long time until
perhaps a few years ago these blocks were manufactured in
many parts of Nigeria without any reference to specifications
either to suit local building requirements or for good quality
work. It is bolstering to observe that the situation in Nigeria
has changed as the standard organization of Nigeria now have
document in place providing the specifications both for the
manufacture and use of these blocks in Nigeria. After
compaction normal concrete is likely to contain about 1% of
air voids. This unwanted entrapped air being evenly
distributed and consisting of bubbles of irregular shape and

size. Sand crate blocks constitute a unique class amongst man
—made construction component for building walls are
constructed (using blocks), as either load bearing or non-load
bearing to provide shelter, protection, convenient space and
privacy to ensure security for man and his properties .This
means that the important of these blocks cannot be over
emphasized due to their importance in the construction
industry. The strength of sand crate blocks is affected by the
mix proportion, quality of material used in making them ,size
,shape and the mode of manufacture (i.e hand or machine
mould ), physical conditions such as method and days of
curing ,duration of time ,temperature etc will also contribute
to the strength of the units for which is used in a structure .for
example wall built with poor quality blocks that falls short of
standard strength are likely to fail or collapse causing severe
damage to the structure and sometimes even loss of lives and
properties.

Metal occurring in their natural state as ore are found in rock
mass, to extract such metals; the rocks are mined, crushed and
processed .The amount of metallic minerals extracted are
relatively small if not insignificant when compared to the
volume of rock mass from which it is derived, hence leaving
large amount of crushed rock or soil known as tailings. Iron
ore tailings (10T) is the soil like substance formed from the
crushing and extraction of iron from the ore. Large amount of
toxic contaminants are being released to the environment
around the globe from rapid urbanization .Among such
containments are industrial wastes and iron ore tailings that
result from world widemining operations during the
processing of low grade ores, significant quantities of waste or
tailings are produced (Mohanty et al 2010 ).The over burden
material(also known as waste) generated during surface
mining of minerals which cause serious environmental
hazards to surrounding flora and fauna not properly protected
It has been roughly estimated that for every ton of metal
extracted from ores, roughly 2-12 tons of over burden material
s are being removed. Tailings are materials left over of
separate valuable fraction from worthless of an ore (Shetty et
al 2010) and the process of mineral extraction used in
processing the ore. The stages involved in iron ore tailings
processing are crushing ,grinding ,leaching ,heating
,dewatering , tailings and slurry disposal (Araujo et al,2003
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).Tailings are categorized into general character : soft rocks
tailings coal refuse , potash , contain sand and slime fraction.
Slimes dominate overall properties because of clay present
Hard rock tailings (lead/zinc, copper/nickel, gold/platinum,
Iron ore contain both sand slimes of low plasticity. Sand
control overall properties of engineering purpose ) fine
tailings (bauxite red muds, slimes form tar sands tailings,
slimes from kimberlite, slimes from mineral sands, sand
fraction small/absent sedimentation and consolidation
characteristics dominated by silt /clay size particles. May pose
disposal volume prodder), coarse trailing (tar sand tailings,
uranium. Contain principally sand with favorable engineering
characteristics). Tailing are used in many ways for example ,in
moulding blocks , for road construction ,for making sand
paper for glass making and blasting .

Aim: To examine the suitability of Itakpe iron ore tailings as
partial substitute for sand in moulding block in construction
industry

Objectives of the Research

e Characterizing the properties of sand crate blocks in
fresh and hardened state using iron ore tailings as
compared with the properties of using conventional

sand

e Ascertain the test plan on sand crete blocks which
includes: workability, drying shrinkage, water
retentiveness, strength, and stress — strain

characteristics.
Il. METHODOLODY

The iron ore tailing sample used for this research was
obtained from the National iron ore mining company, Itakpe
kogi state Nigeria. The iron ore sample was collected from the
heaps on the ground surface and equipment used for the
collection of the sample was shovel .the sample was wrapped
and packed in polythene bag to avoid moisture loss because it
was collected during wet season. The materials used for the
production of the blocks were sharp sand, iron ore tailings;
cement and water.150mm x 225mm x450mm hollow blocks
were produced at the concrete laboratory of the department
civil engineering Kogi state polytechnic. The mix ratio of 1:10
was used at different levels of sharp sand and iron ore tailings
.for each replacement level 15 blocks samples were moulded.
Sixty (60) sand crete blocks were produced. The quantity of
the various components obtained from the mix were measured
in each case with the aid of weighing balance .The tailings
,5and , water and cement was mixed thoroughly to obtain
homogenous mixture .The mixture was turned with shovels
until a mix of required workability was obtained . Slump test
was conducted to determine the workability of the mix.
Compressive strength test was also conducted with sample
blocks and were crushed each at 7, 14, 21 and 28days after
casting at different replacement levels using compressive
testing machine in the concrete laboratory.

I11. RESULT ANALYSIS AND DISCUSSION

Test results for25% ,50%,75% and 100% replacement of iron
tailings with block sample A, B, and C were obtained for 7,
14, 21 and 28days using crushing machine as shown in Table
1.0

Area of block = Area of rectangular hollow block — Area of
the hollow. Where area of the rectangular hollow blocks =
450mm x 150mm = 67500mm?

Area of the hollow = 180mm x 100mm = 36000mm?Area of
the block = 67500-3600 = 31500mm?

Results of 25% replacement of iron tailings
Result for 7days

Sample block A

Weight of block = 17.2kg

Load at failure = 110 KN (110 x 1000) = 110000N

110000

= 3.5 N/mm?
31500

Compressive strength of Block A

Sample block B
Weight of block = 17.4kg

Load at failure = 120 KN (120 x 1000) = 120000N

Compressive strength of Block B % = 3.5 N/mm?

Sample block C
Weight of block = 17kg

Load at failure = 120 KN (120 x 1000) = 120000N
120000
31500

Average of the weight of the blocks = Z2X74+17.0

= 3.2 N/mm?

Compressive strength of Block C

=17.2kg

Average of compressive strength

35438432 _ o (2

Results @ 14days
Sample block A
Weight of block = 17.6kg

Load at failure = 180 KN (180 x 1000) = 180000N

180000

=5.71 N/mm?
31500

Compressive strength of Block A

Sample block B
Weight of block = 17.0kg

Load at failure = 160 KN (160 x 1000) = 160000N

160000
31500

=5.08 N/mm?

Compressive strength of Block B
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Sample block C
Weight of block = 17.6kg

Load at failure = 180 KN (180 x 1000) = 180000N
180000
31500

Average of the weight of the blocks = 17641704174

Compressive strength of Block C = 5.71 N/mm?

=17.2kg

Average of compressive strength

5.71+5.08+5.71
2 = 5, 5N/mm?

Results @ 21days
Sample block A
Weight of block = 16.9kg

Load at failure = 240 KN (240 x 1000) = 240000N

240000

=7.61 N/mm?
31500

Compressive strength of Block A

Sample block B
Weight of block = 17.2kg
Load at failure = 250 KN (250 x 1000) = 250000N

250000 — 7,90 N/mm?

Compressive strength of Block B =
31500

Sample block C
Weight of block = 17.0kg

Load at failure = 230 KN (230 x 1000) = 230000N
230000
31500

Average of the weight of the blocks = 10941724179

= 7.30N/mm?

Compressive strength of Block C
=17kg

Average of compressive strength

76247904730 _ 2 sON/mm?

Results @ 28days
Sample block A
Weight of block = 17.0kg

Load at failure = 240 KN (240 x 1000) = 240000N

240000
31500

=7.62 N/mm?

Compressive strength of Block A

Sample block B
Weight of block = 17.0kg

Load at failure = 200 KN (200 x 1000) = 200000N

200000

= 6.35 N/mm?
31500

Compressive strength of Block B

Sample block C

Weight of block = 17.0kg

Load at failure = 240 KN (240 x 1000) = 2340000N
240000
31500

Average of the weight of the blocks = 17041724170

Compressive strength of Block C = 7.62N/mm?

=17.1kg

Average of compressive strength

7:62463547.62_ 4 50N/mm?

Results of 50 % replacement of iron ore tailings
Results @ 7days

Sample block A

Weight of block = 17.4kg

Load at failure = 80 KN (80 x 1000) = 80000N

80000

= 2.54 N/mm?
31500

Compressive strength of Block A

Sample block B
Weight of block = 17.4kg

Load at failure = 70 KN (70 x 1000) = 70000N

30000

=2.22 N/mm?
31500

Compressive strength of Block B

Sample block C
Weight of block = 17.8kg

Load at failure = 40 KN (40 x 1000) = 40000N

Compressive strength of Block C % = 1.27N/mm?

_ 17.4+17.4+17.8

Average of the weight of the blocks = =17.5kg

Average of compressive strength

2.54+2.22+1.27
3

Results @ 14days

Sample block A

Weight of block = 18.0kg

Load at failure = 120 KN (120 x 1000) = 120000N

= 2.00N/mm?

120000
31500

Compressive strength of Block A = 3.81 N/mm?

Sample block B
Weight of block = 17.8kg
Load at failure = 190 KN (190 x 1000) = 190000N

190000

= 6.03 N/mm?
31500

Compressive strength of Block B

Sample block C
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Weight of block = 17.8kg

Load at failure = 200 KN (200 x 1000) = 200000N
200000

Load at failure = 140 KN (140 x 1000) = 140000N

140000
31500

Compressive strength of Block C = 4.44N/mm?

Compressive strength of Block C 31500 = 6.35N/mm” Average of the weight of the blocks = g LTAH764178 17.5kg
Average of the weight of the blocks = 18“73& =17.9kg Average of compressive strength

Average of compressive strength w = 5.10N/mm?>

w = 5.40N/mm’ Result of 75% replacement of iron tailings

Results @ 21days Result @ 7days

Sample block A Sample block A

Weight of block = 17.4kg Weight of block = 18kg

Load at failure = 190 KN (190 x 1000) = 190000N Load at failure = 80 KN (80 x 1000) = 80000N
Compressive strength of Block A 1905000 = 6.03 N/mm? Compressive strength of Block A 3 50999 — 2.54N/mm?
Sample block B Sample block B

Weight of block = 17.4kg Weight of block = 18.2kg

Load at failure = 160 KN (160 x 1000) = 160000N Load at failure = 100 KN (100 x 1000) = 100000N
Compressive strength of Block B 13610500000 = 5.08 N/mm? Compressive strength of Block B 13010500000 =3.19 N/mm?
Sample block C Sample block C

Weight of block = 18.0kg Weight of block = 18kg

Load at failure = 160 KN (160 x 1000) = 160000N Load at failure = 110 KN (110 x 1000) = 110000N
Compressive strength of Block C 160999 — 5.08N/mm? Compressive strength of Block C 110099 — 3.26N/mm?
Average of the weight of the blocks = mlgﬂ =17.6kg Average of the weight of the blocks = w = 18kg
Average of compressive strength Average of compressive strength

6.30+5.08+5.08 _ 5 40N/mm? 2.54+3.1743.26 _ 3. 00N/mm?

Result @ 28days Result @ 14days

Sample block A Sample block A

Weight of block = 17.4kg Weight of block = 18.4kg

Load at failure =200 KN (200 x 1000) = 200000N Load at failure = 130 KN (130 x 1000) = 130000N
Compressive strength of Block A 20099 — 6.35 N/mm? Compressive strength of Block A 130999 — 4.13N/mm?
Sample block B Sample block B

Weight of block = 17.6kg Weight of block = 18.4kg

Load at failure = 140 KN (140 x 1000) = 140000N Load at failure = 250 KN (250 x 1000) = 250000N
Compressive strength of Block B 1:10500000 = 4.44 N/mm? Compressive strength of Block B 25050000 = 7.94 N/mm?
Sample block C Sample block C

Weight of block = 18.6kg Weight of block = 18.4kg
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Load at failure = 220 KN (220 x 1000) = 220000N

260000
31500

Compressive strength of Block C = 8.30N/mm?

Compressive strength of Block C 23210500000 = 6.98N/mm? Average of the weight of the blocks = 19.0+18.8+19.0 _ 18.9kg
Average of the weight of the blocks = 1BAr18a+184 - 18.4kg Average of compressive strength

Average of compressive strength 830+7.62+830 _ o 1 gN/mm?

Am”gﬂ = 6.4N/mm? Result of 100% replacement of iron tailings

Result @ 21days Result @ 7 days

Sample block A Sample block A

Weight of block = 18.8kg Weight of block = 18.4kg

Load at failure = 300 KN (300 x 1000) = 300000N Load at failure = 40 KN (40 x 1000) = 40000N
Compressive strength of Block A 33010500000 = 9.52N/mm? Compressive strength of Block A :iggg = 1.27N/mm?
Sample block B Sample block B

Weight of block = 18.8kg Weight of block = 18.4kg

Load at failure = 200 KN (200 x 1000) = 200000N Load at failure = 60 KN (60 x 1000) = 60000N
Compressive strength of Block B 23010500000 = 6.35 N/mm? Compressive strength of Block B :)ggg = 1.90N/mm?
Sample block C Sample block C

Weight of block = 18.8kg Weight of block = 18.4kg

Load at failure = 350 KN (350 x 1000) = 350000N Load at failure = 50 KN (50 x 1000) = 50000N
Compressive strength of Block C 33510500000 = 11.1N/mm? Compressive strength of Block C zgggg = 1.59N/mm?
Average of the weight of the blocks = 188+18 84188 = 18.8kg Average of the weight of the blocks = m“i& =18.4kg
Average of compressive strength Average of compressive strength

9.52+6.335+11.11 — 9.00N/mm2 1.27+1.90+1.59 — 1.59N/mm2

Result @ 28days Result @ 14days

Sample block A Sample block A

Weight of block = 19.0kg Weight of block = 18.4kg

Load at failure = 260 KN (260 x 1000) = 260000N Load at failure = 130 KN (130 x 1000) = 130000N
Compressive strength of Block A 23610500000 = 8.30N/mm? Compressive strength of Block A 13310500000 = 4.13N/mm?
Sample block B Sample block B

Weight of block = 18.8kg Weight of block = 18.6kg

Load at failure = 240 KN (240 x 1000) = 240000N Load at failure = 100 KN (100 x 1000) = 100000N
Compressive strength of Block B 2:10500000 = 7.62N/mm? Compressive strength of Block B 13010500000 = 3.17N/mm?
Sample block C Sample block C

Weight of block = 19.0kg Weight of block = 18.6kg

Load at failure = 260 KN (260 x 1000) = 260000N Load at failure = 90 KN (90 x 1000) = 90000N
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90000

= 2.86N/mm?
31500

Compressive strength of Block C

18.4+18.6+18.6

Average of the weight of the blocks = = 18.5kg

Average of compressive strength

4.1343.17+2.86 _ 3.39N/mm?

Result @ 21days

Sample block A

Weight of block = 18.4kg

Load at failure = 140 KN (140 x 1000) = 140000N

140000 — 4 44N/mm?

Compressive strength of Block A =
31500

Sample block B
Weight of block = 18.8kg

Load at failure = 140 KN (140 x 1000) = 140000N

140000
31500

Compressive strength of Block B = 4.44N/mm?

Sample block C
Weight of block = 18.6kg

Load at failure = 150 KN (150 x 1000) = 150000N
150000
31500

Average of the weight of the blocks = 184+188+186

Compressive strength of Block C = 4.76N/mm?

= 18.6kg

Average of compressive strength

4.44+4.44+4.76
3

Result @ 28days
Sample block A
Weight of block = 17.6kg

Load at failure = 100 KN (100 x 1000) = 100000N

100000
31500

= 4.60N/mm?

= 3.71N/mm?

Compressive strength of Block A

Sample block B
Weight of block = 18.0kg

Load at failure = 120 KN (120 x 1000) = 120000N

120000

= 3.81N/mm?
31500

Compressive strength of Block B

Sample block C
Weight of block = 18.0kg

Load at failure = 100 KN (100 x 1000) = 100000N

100000

—— =3.17N/mm?
31500

Compressive strength of Block C

_ 17.6+18.0+18.0

Average of the weight of the blocks = =17.9kg

Average of compressive strength

3.20+3.81+3.20
3

= 3.40N/mm?

Table 1.0 Summary of test results of average weight and Average
compressive strength conducted with 25%, 50%, 75% and 100% replacement
of iron ore tailings with crushing age

Result with 25% replacement of iron ore tailings

Average compressive

Crushing Age (Days) Average weight (kg) strength (N/mm? )
7 17.2 3.50
14 17.3 5.50
21 17.0 7.60
28 17.1 7.20

Result with 50% replacement of iron ore tailings

Average compressive

Crushing Age (Days) Average weight (kg) strength (N/mm? )
7 17.2 2.00
14 17.3 5.40
21 17.0 5.40
28 17.1 5.10

Result with 75% replacement of iron ore tailings

Average compressive

Crushing Age (Days) Average weight (kg) strength (N/mm? )
7 18.0 3.00
14 18.4 6.40
21 18.8 9.00
28 18.9 8.10

Result with 100% replacement of iron ore tailings

Average compressive

Crushing Age (Days) Average weight (kg) strength (N/mm? )
7 18.4 1.60
14 18.5 3.40
21 18.6 4.60
28 17.9 3.60

Table 2.0 Total compressive strength analysis with crushing Age at
25%,50%,75% and 100%

Cru(sgg]ygs)A ge Compressive strength (N/mm?)
25% 50% 75% 100%
7 3.50 2.00 3.00 1.60
14 5.50 5.40 6.40 3.40
21 7.60 5.40 9.00 4.60
28 7.20 5.10 8.10 3.40

www.ijltemas.in

Page 54




International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS)
Volume IX, Issue VI, June 2020 | ISSN 2278-2540

30 +
E 25 -
2
S 20 -
(=)
& 100%
2 15 - ’
g 75%
[ -
g 10 ——50%
e
Q.
E g —25%
(@}
@)
0
7 14 21 28
Crushing Age

Fig 1.0 Compressive strength against Crushing Age at 25%, 50%, 75% and
100% replacement of iron ore tailing

IV. CONCLUSION

The results conducted to evaluate the suitability of iron ore
tailings collected from Itakpe iron ore mining company and
the effect on the strength of sand crete blocks when use to
replace the conventional fine aggregates shows that the lower
the replacement  of fine aggregates the greater the
compressive strength. There was reduction in the compressive
strength of the sand crete blocks produced with increased
percentage replacement of the conventional fine aggregate
with iron ore tailings. 25% replacement of iron ore tailings is
more appropriate in terms of quality strength, and economical
in production of sand crate blocks as compared to 50, 75%
and 100%.Therefore iron tailings meets with British standard
requirements for fine aggregates as replacement in
conventional use of fine aggregates as specified in
BB882:1992.

V. RECOMMENDATIONS

e Iron ore tailings can be recommended to block
moulding industries within kogi state ,Nigeria and
the globe at large who strictly adhered to standard
practice to incorporate iron tailings not less than 25%
of aggregates used into their sand crete block
production as this will increased the quality of
sandcrete block within the market of block
manufacturers as well as re use of iron ore tailings at
Itakpe into production of quality building materials

e  Further research should be conducted on using iron
ore tailings to improve the engineering properties of
very expansive soils such as black cotton soil.

e There should be a field test to simulate the laboratory
test result on the use of iron ore tailings for the base
course of flexible pavements.

ACKNOWLEGEMENT

I wish to express my profound gratitude to Almighty God and
my co-authors for the successful work done on this research
work thank you all.

REFERENCES

[1]. AASHTO (1986).Standards Specifications for Transport Materials
and Methods of Sampling and Testing.14" Edition, American
Association of State Highway and Transport Officials (AASHTO),
Washington D.C.

[2]. Anderson,R. L., Ratcliffe, 1., Greenwell, H. C., Williams, P. A,
Cliffe, S., andCoveney, P. V. (2010). Clay swelling a challenge in
the oilfield. Earth-Science Reviews, 98(3), 201-216.

[3]. Arora, K.R. (2008). Soil Mechanics and Foundation Engineering.
Published by Standard Publishers Distributors, 1705-B,
NaiSarak, Post Box No: 1066, Delhi — 110006. Seventh Edition.

[4]. Araujo, A. C., Amarante, S. C., Souza, C. C,, & Silva, R. R. R.
(2003). Ore mineralogy and its  relevance for  selection of
concentration methods in processing of Brazilian iron ores.
Mineral Processing and Extractive Metallurgy, 112(1), 54-64.

[5]. Baldock, J. A. (2002). Interactions of organic materials and
microorganisms with minerals inthe stabilization of soil structure
(pp. 85-131). John Wiley & Sons, Ltd: Chichester, West Sussex,
UK.

[6]. Ballard, G.E.H, Feldt, E.D, (1965). Considerations of the Strength
of Snow.U.S Army Cold regions Research and Engineering
Laboratory. (USA CRREL) Research Report 184.

[7]. British standard 1372 (1990).Method of Testing Soils for Civil
Engineering Purposes.British standard institute, U.K.

[8]. Deas, S. K., Kumar, S., &Ramachandrarao, P. (2000). Exploitation
of iron ore tailing for the development of ceramic tiles. Waste
Management, 20(8), 725-729.

[9]. Fredrick S.Merit (1985); Standard Handbook of civil Engineering
second Edition,Oxford and IBH publisher Co.Ltd.London

[10]. Garber, N.J and Hoel, L.A. (2000).Traffic and Highway
Engineering.2™ edition. Brooks/Cole Publishing Company,
London, pp. 481-492, 927-930.

[11]. Jackson, M. L., (1964), Soil Chemical Analysis. Prentice Hall Inc.,
Eaglewood Cliffs., New Jersey

[12]. Kanehiro, Y., Sherman, G. D., (1967), Soil Science Soc. Am.
Proc. 31; 394 - 399

[13]. Kumar, B. S., Suhas, R., Shet, S. U., &Srishaila, J. M. (2014).
Utilization of iron ore tailings as replacement to fine aggregates in
cement concrete pavements. International Journal of Research in
Engineering and Technology, 3(7), 369-376.

[14]. Lambe, T.W and Whitman, V.R. (1979).Soil Mechanics.SI
Version, John Wiley and Sons Inc., New York.

[15]. Makasa, B. and Mallela (2004).Utilization and Improvement of
Lateritic Gravels in Road bases, International Institute for
Aerospace survey and earth Science, Delft.

[16]. McNally, G.H. (1998). Soil and Rock Construction Materials,
Routledge, London, pp. 276-282, 330-341.

[17]. Mohanty, M., Dhal, N. K., Patra, P., Das, B., & Reddy, P. S. R.
(2010). Phytoremediation: a novel approach for utilization of iron-
ore wastes. In Reviews of Environmental Contamination and
Toxicology Volume 206 (pp. 29-47). Springer New York.

[18]. Murphy, V.N.S. (2009). Soil Mechanics & Foundation
Engineering.CBS publishers & distributors Pvt. Ltd., First edition.

[19]. O’Flaherty C.A (1974)”’Highway Engineering” (Vol.2) Pp 215-
219 & 221-267

[20]. Ola, S.A. (1983). “The Geotechnical Properties of Lateritic Soil”.
Tropical soil of Nigeria in Engineering practice. Balkene,
Rotterdam,Pp. 260-278.

[21]. Osinubi, K. J., Yohanna, P., &Eberemu, A. O. (2015). Cement
modification of tropical black  clay using iron ore tailings as
admixture. Transportation Geotechnics, 5, 35-49.

www.ijltemas.in

Page 55



International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS)
Volume IX, Issue VI, June 2020 | ISSN 2278-2540

[22]. Rao, A.S.R. (1985). Basic and Applied Soil Mechanics. Published Communication Co., Eagle wood Cliff, New Jersey Pp 88- 95 &

by new age International limited, Second edition. 175 - 186.
[23]. Robert, D. H.,William, D. K., (1981), “An Introduction to [24]. Schafer W.M., Singer M.J., (1976). Influence of Physical and
Geotechnical Engineering.” Prentice Hall Inc. A Paramount Mineralogical Properties on Swelling of Soils in Yolo County,

California. Soil Science Society of America Journal 40: 557-562.

www.ijltemas.in Page 56



