oation of fine and coarse basalt aggregates for maq ?{94,;'I

C—

gives results of an iri\{estigation carried out to study the suitability of using basalt
well as fine aggregate, in the form of stone dust, for making mortar and concrete. A

iled study of physico-chemical and mechanical properties of the aggregates have shown

ap rock covers about 520,000km? in India.
nosition varies considerably from area to area,
ral content and crystallinity which can vary

eneous crypto-crystalline mass to a coarsely
‘(fol'erite. The rock can also be vesicular and
s with cavities filled up by secondary minerals
~quartz and zeolites. :

cts of composition and physico-mechanical
o5 of aggregates on the strength of structural
d bond strength between the binder and the
gave been studied by Shkarupa by measuring
le strength of concrete specimen made from
cement, sand and aggregate (grey granite,
t furnace slags etc)'. The adhesion of cement
has been found lower than to basalt or slag.
ncrete specimens made with granite as aggre-
und to disintegrate at the cement-aggregate
ile those with basalt disintegrate by cracking
stone. Tho properties of aggregates for struc-
rete have been specified in terms of Washington
onal factor, secondary mineral content, Los
abrasion loss, flakiness index and contents of
rock for basalt aggregates®. On the basis of these
ties the use of green basalt is restricted whereas,
rey basalt is permitted.

The methods of determining the secondary mineral
of basalts have been mentioned by Cole?. The
ne dust from basalt quarries in place of natural

ncrete mixes has been studied by Solomon
Wiocompared the properties of concrete specimens made
Wit basalt stone dusts of different proportions®, If such
0 dust is used in the normal proportions as fine
ales some additives are required to overcome
I problems of high water content. There have also
e apprehensions in using few varieties of basalt
gate due to the alkali-aggregate reaction 6,

a, basalts are extensively used as building stonbs
hed to various sizes for use as road bases,
allast and in concreting work. During crushing
fine dust is produced which is considered as a
terial, So far no concerted efforts have been made
" ze the fine dust. A systematic study was carried
i 2tthe Central Building Research Instituteto determine

“Slifability of coarse as well as fine basalt aggregate
one dust) for making mortar and concrete from the
! collected from Indore, Bhopal and Nagpur.
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aggregates can suitably be used in mortar and concrete.

Experimental

Basalt stone dust and coarse aggregates were evaluated
for bulk density, specific gravity, water absorption and
voids according to IS: 2386 (part 1)-1963, presence of
deleterious and organic impurities according to IS:
2386 (part II)-1963; soundness and presence of reactive
minerals (alkali aggregate reactivity) according to IS:
2386 (part V) and (part VII)- 1963, respectively.

Crushing value in terms of percentage of fines
(—2.36mm obtained on the application of 40-t load ; the
load required in tonnes for 10 percent fines, (—2.36 mm)
and impact value in terms -of fines (—2.36mm) were
determined as in accordance with IS: 2386 (part I'V)-1963.

The mortar making properties of basalt stone dust
samples were determined according to 1S: 2386 (part VI)-
1963. Specimens for compressive strength test 7.06 X
7.06x7.06-cm cubes were cast with a water-cement

. ratio of 0.6 and flow at 1104 5 percent for the mortar

contaiiiing 2kg cement and required amount of stone
dust. These cubes were immersed in water after 24 hours
of casting till their testing at the age of 7 and 28 days.
7.06-cm cubes of 1:3 cement-basalt dust mortar at 1104-
5 percent flow were also cast and tested after 7 and 28
days curing. Control specimens with cement and sand
were also cast for comparison,
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Fig 1 Sieve analysis of basalt stone dust samples marked VS
VG, KB, NB and |
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" 1:2:4 concrete cubes of size 10 x 10X 10 cm were cast
using either stone dust or Badarpur sand as fine aggregate
and basalt stone as Coarse aggregate, The compaction
factor was kept to 0.80 with vibration time one minute,

bes were cured in water till their age of testing
at 7, 28 and 90 days, )

To study the effect of basalt fines and coarse aggregates
+ On the performance of concrete made from them, a few
Specimens after 28 days curing were sy bjected to alternate

100

&———— Zone |v 15.383-197¢
O-==~-0 N§ Sample

Percent Passing

— ]

1501 600x 118 476

2:36

Sieve size, mm

Fig 2 Sieve analysis of basalt stone dust sample marked NS

TABLE 1 Sjove analysis of basalt stone dust sample

heating for (16 hours) and wetting for (8
cycles, after
determined,

hoygey
which the compressive Strefl?th

Results and discussions

The particle size analysis of basalt stone
are given in Table 1 and Figs 1 and 2 Wwhich jnq;i
these samples mostly fall under the 8tading 5,
IS: 383-1970 except in the case ‘of sample 0
Nagpur), which comes under the grading 74, Ty om
fineness modurus of basalt fines varies between I"l.g
2.81. This shows that these aggregates can be g to
used for making mortar according to 1352116-1'92?',}
eso ()

s

The sieve analyses of the samples indicates that g,
be used in mortar or concrete although jp the
sample NS, the requirement of water Was more The
water absorption, bulk density, specific gravity anq ;'6 i
values given in 7uble 2 indicate that the bulk depeis:
values vary from |.52 to 1.82 kg/litre, while

absorption, specific gravity and voids values varymg g
0.40 to 1.60 percent, 2.5 to 3.12 and 26.1 to 48,9

percent, respectively, All these results cf)nﬁrm th °F
suitability of the basalt fine aggregates for mortar op

concrete,

The data 1n terms of bercentage loss as given jy Table}
indicate that basalt aggregates from Bhopal region |
marked VS, VG and KB do not pass the Specifications
laid down in IS: 383-1970 for

Serial  Sieve analysis Percent of material passing in_sample marked According 1o
Ho Bliopal © Nagpur Indore 1S: 383-1970
VS YG KB NB NS I zone II . Zone IV
1. Sieve size . ;
4.75-mm 100 100 100 100 100 100 90 to 100 95 to 100
2.36-mm 95.0 94.6 87.0 98.9 98.6 98.2 75t0 100  95to0 100
1.18-mm 79.6 546 63.7 66.2 94.8 58.2 S5t090  90tol00 |
600 57.3 . 38.1 48.1 44.9 92.0 34.0 35to60  80to 100
300-4 33.5 - 24.2 31.8 22.7 80.0 17.1 7.5t030 151050
150-u 21.3 ~17.9 22.6 13.5 52.4 l].‘l 0to 10 0tolS
2. Fineness modulys- 2.13 2.71 2.47 2.54 1.19 2.81 == i
3. Grading zone as per
18: 383-1970 . 1I II II 10 below IV I — T
TABLE 2 Physical Properties of hasalt stone dust samplas
S:’r;'al Characteristics Bhopal Nagpur ___‘rf_dff_.
Vs VG KB NB NS !
1. Bulk density, kg/litre 152 7 1.6p 1.72 1.55 1.47 ’j:
2. Water absorption, percent by weight 1.60 1.00 0.80 0.40 -1.00 0'94
3. Specific gravity 2.84 2.96 3.12 - 2.86 2.87 2'2
4. Voids, percent 46.8 46.0 44.8 45.8 48.9 4 i
5. Suitability for mortar according to 1S:2116-1965 es es es es yes ye
Y g y y ¥ ¥ .
—_—
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ness values well within the limits specified. Since
e <ts carried out for soundness of aggregates by using
sulphate or magnesium sulphate indicate the
ce of aggregates against freezing and thawing,
of such basalts can be restricted in very cold
whereas, in tropical to subtropical regions, as
ular India, such aggregates can be considered
, for making concrete, This Inference is confir-
tho durability results obtained on altornato
and drying cyclos of concreto doscribed lator.

cbresonoe of deleterious materials like clay plus
y lumps, coal and lignite and material finer than
rons sieve in these samples as shown in Table 3

re than the specified limit in the case of samples
VG, KB, NS and I. The presence of material finer

5-microns more than 3 percent may affect the
of concrete due to higher water requirement for
he desired workability,

mount of organic impurities evaluated according
386 (part I1)-1963 was found to be in harmless
es. '

alkali-aggregate reactivity of basalt samples in
f reduction in alkalinity and soluble silica content
illimoles/litre as given in Table 3 was found to be
high; i.e. 169.0 to 357.5 and 115.5 to 192.6 milli-

Zlitre, respectively. In case of the Bhopal sample
j) these values reach even 357.5and 192.6 millimoles/

millimoles/litre. Theoretically higher values may be
ibuted to the reaction between alkalies leached out

from hydrated cement and microcrystalline phases of
silica from the aggregates. Another test on alkali-
aggregate reactivity based on mortar bar method as given
in IS: 2386 (part VII)-1963 does not indicate any appreci-
able expansion, The accelerated tests carried out aiso did
notshowanyexpansion in bars . 8, This variable behaviour
may be assumed to be due te lower alkali content of the
cement used. Thus tho aggregates which showed high

vtluos of alkali reduction and Silica content but failed

lo show any appreciablo oxpansion in mortar bars can

be used for making mortar or concrete, In practice, if the

cement of lower alkali content is used, there should be no

problem concerning the durability of concrete,

The mechanical properties of coarse basalt aggregates
determined according to IS: 2386 (part 1V)-1963 and
shown in Table 4 indicate that these aggregates offer
strong impact resistant and hence can be safely used in
concrete work, All the values are well within the specified
limits of 1S: 383-1970. e

The mortar making properties of basalt stone dust as
given in Zable 5 show that the consumption of saturated
and surface dried fine aggregates for every 2kg of cement
varies between 2.27 to 4.5 kg. However, according to
IS: 383-1970 it should be between 3.3 to 5.2kg. As the
sample NS was the finest among all samples, only 2.27kg
of fine aggregate was required for 2kg of cement at 1104
5 percent flow and water-cement ratio 0.6, Thus, it is
on the lower side as compared to the specified limits. On
the basis of these data the order of water requirement
can be found out for a particular fineness of each sample
for 1:3 mortar as well as the respective compressive

TABLE 3 Physico-chemical proparti‘l;‘k-"'t';f basalt stone dust samples

Characteristics Sample marked
Bhopal Nagpur Indore Limits
according
. VS VG KB NB NS I 15:383-
. - 1970
undness, percent loss 28.1 30.4 22.1 11.0 7.35 12.0 +12.0
cleterious, matters
lay silt, percent 0.48 3.80 1.42 4.4 22.9 4.74
ay lumps, percent . nil nil nil nil nil nil
al lignite, percent nil nil nil nil nil * nil
material passing 75-u sieve 10.2 10.6 11.2 5.0 26.7 7.9
otal deleterious materials, percent 10.2 10.6 11.2 5.0 26.7 7.9 % 5.0
[ganic impurities nil nil nil nil nil nil
J‘ cactive minerals
I.l'('.c:luction in alkalinity, millimoles/litre . 286.0 357.5 351.0 175.5 221.0 169.0 +75
;soluble silica content, millimoles/litre 162.4 192.6 184.9 118.6 136.4 115.5 *70
i
TABLE 4 Mechanical properties of basalt coarse aggregates
Properties Sample marked Limits
. according
Bhopal Nagpur Indore, to 15:383-
: 1970
A5 YG KB NB NS
tegate crushing value at 40-t load, percent fines 26.1 24,2 23.4 19.1 16.5- 20.8 +45
“S8tegate crushing value for 10 percent fines 14.0 16.7 17.1 21.0 21.4 19.8 —
*8Blegate impact value, percent fines 10.4 9.5 9.9 8.1 7.2. 6.7  $45

!
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strengths at 11045

percent flow of this mortar. The

compressive strengths of 1:3 mortar at the curing age
of 7,28 and 90 days were found to be more than the control

specimen in all

cases except for the mortar containing

aggregate NSwhich could be attributed to its finer grading.
The higher or better values of compressive strength of
the basalt containing specimen mortar cubes as compared

to the control
gradings as well.

The concrete making

mortar samples may be due to better

properties of basalt fine and

coarse aggregates, Badarpur sand and basalt coarse
aggregates and that of the control samples are given in
Table 6. The data indicate that 28 days compressive
Strengths of 1:2:4 concrete cubes (10 X 10 < 10-cm)
containing basalt aggregate vary between 68 to, 109kg/cm?

as compared to 74kgfcm?

of the control sample. The

highest values of compressive strength of the concrete
made by using sample VS could be explained on the basis

TABLE 5 Mortar making properties of basalt stone dust samples -

of vesicular surface of the aggregate resulting el :
bonding. The tensile strengths data of similap o, e
confirm the trend of compressive strength data,

The concrete cubes after 28 days water Clripgl i
subjected to 100 cycles of alternate wetting anq
The results did not indicate any
ive strength as compared to their 28 da
no sign of cracking
Table 6. This would predict the good
concrete made from these basalt samples,

Conclusions

The present study has shown that basalt
as fine aggregates can suitably be used for making mogfa.
and concrete in tropical to subtropical
temperate climate provided the coment to be useq does

Samp

dl'yin‘ :
Mpregg
I' 26 days strep
or deterioration was ogg?: and

durabilit;vgg’

reduction in

-

COAISe a3 yoy

regions haying.

——__-—-—-
Serial Characteristic Sample marked Limit
no R ﬂt‘cordm: ¥
Bhopal Nagpnr Indore  Badarpur 1o 18:383.
. ~ sand
vs VG KB NB NS 1 108
“'___—_—.‘~—-_
1. Consumption of fine aggregate for 2-kg
cement, kg 4.3 3.8 4.0 3.7 2.27 4.5 3.75 34l
; 52
2.  Compressive strength of above mixes, - '
kgfcm? e
7 days 50 60 40 68 70 Gl 65 —_
28 days 78 92 64 108 110 100 127 —
90 days 140 170 128 200 208 178 206 -
3. Compressive strength of 1:3 morcar
cubes, kgfem?
7 days 30 25 24 31 12 4] 28 —
28 days 52 46 46 55 23 62 42 —
90 days 84 74 76 112 54 122 80 -—
TABLE 6 Concrete making properties of basalt work aggregate with basalt
stone dust or Badarpur sand
Serial  Sample marked Mix proportions, Water- CF- Compressive strength, kgfem?
no by weight cement : :
ratio 7 days 28 days 90 days  after 100
cyelesof
durability
1. Bhopal Vs* 1:2.76:4.62 0.75 0.81 62 109 170 220
2. Bhopal VSt 1:2.27:4.62. 0.71 0.77 60 88 122 138
3. Bhopal VG* 1:2,77:4.98 0.79 0.80 48 -85 106 150
4. Bhopal VG 1:2.23:4,98 0.75 0.78 53 73 94 112
5. Bhopal KB* 1:2.91:4.95 0.80 0.81 47 78 100 172
6. Bhopal KBt 1:2.23:4.98 0.77 0.81° 44 87 113 115
7. Nagpur NB* 1:2.66:5.10 0.75 0.77 52 94 123 147
8. Nagpur NBt 1+2.26.5.10 0.78 0.80 40 72 124 135
9. Nagpur NS* 1:2.66:5.00 0.75 0.80 40 68 115 185
10. Nagpur NS} 1:2.26:5.00 0.76 0.78 50 78 122 95
11. Indore I* 1:2.80:5.12 0.83 0.84 50 87 163 180
12, Indore It 1:2.26:5.12 0.77 0.78 54 83 150 125
13. Control C* 1:2.23:4.83 0.80  0.82 38 74 112 135
14. Control Ct 1:2.74:4,83 0.80 0.82 52 80 105 12,8
A ___-—'-"-.
Note: *using basalt stone dust as fine aggregate”

tusing Badarpur sand as fine aggregate
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Ikalies more than 0.6 porcent, The substity-
t stone dust for natural sand in concrete
compressive and tensilo strengths of the

j'dgement !

forms a part of the régular research
of the Central Building Research Institute,
d it is published with the kind permission
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