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Abstract: Mining of iron ore invariably produces lot of waste which significantly damages the environment in
different ways. To reduce this environmental damage to a certain extent, iron ore waste can be utilized for
making bricks in the construction industry by way of mixing it with some additives. In this investigation, an
attempt was made to investigate the impact of major chemical composition of prepared iron ore waste (IOW)
bricks on its compressive strength. The chemical compositions like total percentage of Al,O3, SiO, and Fe,0;
present in a brick were observed through the output of Java program for different mix ratios. Based on the
available data, results of investigation on the impact of chemical composition of bricks on its compressive
strength revealed no appropriate relationship with total percentages of SiO, and Al,Os present in a brick.
However, with increase in total percentage of Fe,O3 present in a brick, its compressive strength was found to
decrease gradually. Hence, it is suggested to prepare non-fired bricks from iron ore waste fines containing low
percentage of Fe,Os, which is also desirable from the point of view of mineral conservation. It is suggested to
take up detailed investigation in future to study exclusively the influence of different types of chemical
constituents which are present in IOW brick and correlate it with compressive strength and water absorption by
carrying out regression analysis and arrive at some useful conclusion.
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1. Introduction 2.0 Study Area, Collection of Samples and

India has large reserves of iron ore which are mined
from several states. The production of iron ore in the
country at about 152.43 million tons in 2013-14
registered an increase of 11.58 % over the previous
year 2012-13 as per the Annual Report 2014-15 of
Ministry of Mines, Govt. of India [1].

The mining of iron ore invariably produces lot of
waste which significantly damages the environment in
different ways. To reduce this environmental damage
to a certain extent, numerous efforts have been put up
by various investigators worldwide to utilize the
waste generated for some useful purpose. Significant
amount of work has been carried out in using iron ore
waste (IOW) in the construction industry by way of
mixing it with some additives. Shreekant et al. (2016)
[2] has described in detail about usage of iron ore
waste in brick making utilizing cement and fly ash as
additives. Therefore, the concept of brick making
using iron ore waste or any other mine waste is not
new. Though there has been significant amount of
work carried out in the area of brick making using
iron ore waste, very few studies seem to have
addressed the effect of some of the major constituents
of iron ore waste in general and brick in particular on
the compressive strength of bricks. In the present
study attempt was made to investigate the impact of
major chemical composition in non-fired compressed
brick prepared using cement, fly ash and iron ore
waste on its (Bricks) compressive strength.

Chemical Composition
2.1 Study Area & Collection of Samples

The study area, different IOW samples and fly ash
collection was the same as described by Shreekant et
al. (2016) [2], as this work is an extension of the work
carried out by the same investigators. Though a total
of nine different IOW samples were collected in this
work, only six different samples were used in this
investigation due to the reasons stated by Shreekant et
al. (2016) [2].

2.2 Chemical Composition

The chemical composition analysis of collected iron
ore waste (IOW), fly ash and cement was carried out
in the Chemical Engineering Department of NITK
Surathkal, by sending representative sample obtained
through Conning and Quartering in the Mineral
Processing Laboratory of Department of Mining
Engineering.

2.2.1 Iron Ore Samples

The results of various constituents in different IOW
samples as determined in the laboratory are given
in Table 1.
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Table 1: Chemical composition of IOW

(% by mass)

Samgle Na0 LEO | ALO; 5i0; | Ba0 Ca0 Ti0: | Fals
No.

$1_ 005 000 (2227 400|005 479 1202293
$2 089 010 | 2755 3302|008 365 004 | 2724
83 007 006 | 3400 4024 | 006 554 156 | 1520
34 006 080 | 2147 5080 005 685 055 | 2018
§5 0.0+ 036 | 2532 5015|003 332 08 | 1538
56 015 007 [ 2208 7120|007 540 0.0 | 5888
37 012 010 [3045 3880014 632 065 [ 3208
S8 057 030 | 1300 2945|005 208 036 | 4810
59 015 027 | 1640 410 014 711 130 | 2045

2.2.2 Portland cement

Ordinary Portland cement of 43 grades, confirming to
IS: 8112-1989 [3] was used as binding material for the
preparation of bricks. The chemical composition of
the cement as determined in the laboratory is given in
Table 2.

Table 2: Chemical composition of cement (% by
mass)

Chemcal | 50 [AbO; [Fa0: Pl | KO MeO [MO: | CO |20 R &
Composition
ﬁ"n:'
Cament | 1371 (1044 | 647 34 | 043 0p0 (012 |3146 | 103 18 00

2.2.3 Fly-ash

Table 3 gives the chemical composition of fly ash as
determined in the laboratory. Fly ash was collected
from the nearby thermal power plant Udupi Power

Corporation  Limited. (UPCL, Udupi Dist.
Karnataka).
Table 3: Chemical composition of fly ash
(% by mass)
Chemical Compositon (%)
LOL Tsg;  [anos |c0 M0 K0 Meo | To: | 50: M: Feps

(%)
014 3480 110 1616 270 130 g 0B | 030 02 P2 o)

Table 1 to Table 3 clearly shows the major chemical
constituents as SiO,, Al,O; and Fe,O; in different
IOW samples, fly ash and cement which is also
clearly evident from Figure 1. From Figure 1 it is also
seen that the mass percentage of S;O, is highest in
cement, fly ash and I1OW samples of different
locations among all the three major constituents.
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Figure 1. Mass percentage of S;0,, Al,Ozand Fe,03
of fly ash, cement and IOW

Table 4 gives the major chemical composition of fly
ash, cement and IOW samples from all six locations.

The mass percentage of Al,O; varies from 10.44 to
34.00, the mass percentage of Fe,O3 varies from 6.47
to 29.45 whereas that of SiO, varies from 18.71 to
50.80 for fly ash, cement and IOW samples of all the
six locations.

Table 4: Major chemical composition of fly ash,
cement and IOW

Items Major chemical composition (%)

5i0n ALOa FerxOa
Fly ash 34.80 14.10 24.14
Cement 18.711 1044 06.47
IOW, Sample Location-1 40.70 227 22.03
IOW, Sample Location-2 33.02 2753 27.24
IOW, Sample Location-3 40.24 34.00 15.20
IOW, Sample Location-4 50.80 2142 20.18
IOW, Sample Location-5 50.13 2532 15.38
IOW, Sample Location-8 41.70 1640 20.45

3.0 Mixing of Additives with IOW samples, Brick
Making and Quality Assessment

3.1 Mixing of Additives (Cement & Fly ash) with
different IOW samples

All the collected iron ore waste samples were in the
form of powder (less than 300 p). Hence, it did not
require further processing like crushing and grinding
and were directly suitable for mixing with additives
for brick making. For preparing the bricks, iron ore
waste was taken as a major aggregate in combination
with fly ash and cement. Five different combinations
of above said aggregates i.e. cement, fly ash and iron
ore waste by mass percentage as given in Table 5
were used in brick preparation. In the composition of
mixture for brick making, the bricks were prepared
with IOW of 65, 70, 75, 80, 85 and 90 percentages.
The different mixtures prepared with IOW of 65 %
were named as A to F (Table 5). Similarly, the
mixtures prepared with IOW of 70% were named as
Al to E1; IOW of 75% as A2 to D2; IOW of 80% as
A3 to C3; IOW of 85% as A4 to B4 and IOW of 90%
as A5 (Table 5).

Table 5: Composition for different types of mixture

With 63 3% IOW
Mimture  Cement (C) %% | Flyash (FA) %0 | Iron Ore Waste (IOW) %0
A 30 03 65
B 25 10 65
C 20 15 63
D 15 20 65
E 10 25 635
With 70 3 TOTW
Al 30 00 70
Bl 25 03 70
Cl 20 10 70
D1 15 15 70
El 10 20 70
With 75 % IOW
A2 25 o0 75
E2 20 05 73
c2 15 10 75
D2 10 15 75
With 30 %6 IOW
A3 20 o0 30
E3 15 (1] 30
Cc3 10 10 S0
With 85 % IOW
Ad 15 | o0 | 35
B4 10 | 0= | 35
With 80 %% IOW
AS 10 I 1] I 50
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3.2 Brick Making
All the IOW bricks were prepared and cured as

described by Shreekant et al. (2016) [2]. [ o ,\‘h i
3.3 Assessment of Quality of Prepared IOW Bricks / Input Percentaee of cement content in & brick (1) /

Input Percentage of 1y ash content in a brick (q)
Tnout Percentace of IOW content in a brick (r)

The quality of bricks was assessed as per BIS T
Standards which is based on compressive strength (IS Inpu Percentage of AL in cement (3.
3495 (Part I): 1992) [4] and water absorption (1S 3495 Percentae of Fe=O1in cement (2)

(Part I1): 1992) [5] as described by Shreekant et al. 1

(2016) [2] / Inm;,lc::‘:;-‘||l-|1(:)..li;:|l“e;\::;(”: .t‘li:ll-f'|\‘-':."-"'|'|'.(<'ll. /
4.0 Computation of Total Percentage of Al,Oj — l

Si02 and Fe203 in a BriCk Input Percentage of ALOs in IOW (d).

The total percentages of Al,Os, SiO, and Fe,O3 in a / Poresmame o B in 1OW 18 /
brick were observed through the output of a Java !

program which was executed in NetBeans 8.1 IDE for e T

all the mix ratios. L
Y

This was done to avoid tedious and time consuming E": S'J’{_L::tt{ " ‘?}

calculations over a calculator. The flow chart for —

developed program is shown in Figure 2. The To1Al0s In brick = Gor 8+ O % 100,

computational program output in the form of screen % of Fex0a in brick = (= + ¢ + Dim x 100

shot is shown in Figure 3. The inputs to the developed / o onor .«.,:.\i.‘ . /

program were Mass of a brick; Percentages of cement % of SiC: in brick.
fly ash and 10W; Percentages of Al,O;, SiO, and
Fe,O3 in cement, fly ash and different IOW samples.

The output of the developed program was total Figure 2. Flow chart of computer program to find the

Efiflfntage of Al,0;, SiO; and Fe,O; in a particular percentage of Al, O SiO,and Fe,05 present in
' brick

O JavaApplication3 - | IDE 8.1 -8
File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help Q Search (Crl+l)

7 B B (@ [<defutconfc> VO T P-B-G-

Projects X |Files | Services StartPage X[ Liva X [ ava x| i java X[ j P> o
| &B Tetifrane: M ey BB-E-QRSRGIPE D Eu 0 6 &
£l JavaApplication3 = ~
[} Source Packages 103
- javaapplcation3 B Teturn ni
L& JavaApplication3.java 105
[ TestPackages 106 - }
& Lbrares [ public static Percent calPercentageMat(double mass, double pMat)
2 Testlibraries 08 O i
& Javaroplcstiond 109 Scanner reader = new Scamner (System.in);
[} Source Packages 110 double x, ¥, 2;
&[] javasppicationd 1 x= 22.27;
L& JavaApplications.java 112 v = 40.7;
[ Test packages 113 z = 22.93;
& Lbrares 114 Percent n = new Percent();
& Testlbraries 115 n.percent_al2o3 = (mass*pMat/100)* (x/100);
& Javahoplcations 116 . 3 = (mass*pMat/100)*(z/100);
= 17 si02 = (mass*pMat/100) % (y/100);
JavaApplications - Navigator | o [ -
Members v || <empty> @ || 119 return n:
E-£8) JavaApplication3 120 =
- () calPercentageMat{double mass, double pMat) : Percent 11 L 3 .
~ () calPercentageMatCem({double mass, double pMat) : Percent 120
() caPercantageMatFly{c bl mass, covble piat) : Fercent (£ javaspplcations.Javappication3 3 *
~ () main(String[] args) Output - cation3 (run) X | =
@ Percent W e " A
- [ percent_al203 : couble
¢~ [ percent_fe203 : double Znter s %age 21203,7=203,3i02 of IOW in the brick
“ [ percent_sio2 : double Total ALZ0Z is 0.44£86182500000004
%a Total Fe03 is 0.440517105
Total Si02 is 0.8249828160000001
Total %age A1203 is 18.3125
Total %age Fe03 is 18.052500000000002
- _ Total %age 5i02 is 33.80800000000001
& [O][0E]&] e |8 | 5

JavaApplication3 (run) | running. .. @ 122:5 NS

ENG 18:28
INTL  30-07-2016

[*= i 20

Figure 3. Program output screen shot to find the total percentage of Al,O3 SiO, and Fe,Oz present in a brick
5.0 Results and Analysis

The results of the percentage of Al,O; SiO, and
Fe,O5 in bricks prepared from all the six locations are
givenin Table 6 to Table 11.
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Table 6: Percentage of Al,O3, SiO, and of Fe,0;3 in
bricks (Sample location-1)

Sample| Mixratio | Avg Massof | Total % of | Total% of | Total % of | Compressive sirength
location| (GFAIOW)|  brck AbGina ik Fe(iina | ofabrickfor 28 days
o =) brick | inabrick | ik of curing, (MPa)
14402 1331 381 13.05 1169
14368 18.50 3461 1854 1120
14360 13.68 341 15.82 1081
1435 13.86 3622 20.70 1033
24340 1504 3703 2159 446
14430 1372 4.1 195 1155
24410 3.50 3481 4.8 .68
14385 9.08 371 5.7 .54

1 24365 827 36352 20.64 447
1435 1945 3732 2153 iM
14475 531 352 13.82 1154
: 9.50 36.0 18.70 947
14 9.68 36.3 20.33 538
2: 15.86 3762 2147 445
2. 15.30 3630 19.64 il
2. 20.08 3111 20.32 348
1 2027 3781 2141 3.65
14473 2030 740 20.46 332
24438 19.57 3617 2020 3.53
24482 2109 3830 218 383

Table 7: Percentage of Al,Os, SiO, and of Fe,O3 in
bricks (Sample location-2)

Sanple | Mixratio | Avg Mass | Total % of | Total % of | Total % of | Conpressive
location |(CFA:IOW) | of brick | AkQvina | SiCk Fe(iina |strengthof a brick
No. (=) bridk | mahbrick | brick for 28 days of

curing (MPs)
24480 2173 2382 20385 1105
2445 2191 2062 2174 G33
24433 2210 304 262 i84
24358 2228 L) L] 2330 §22
24366 2245 2m M35 340
2448 2240 2873 2101 1231
2444 225 203 2188 1.02
. 2440 27 3034 278 1045
“ 24387 2295 3114 66 754
24363 2314 3193 434 6.70
24470 2326 24 2035 10.06
2443 234 3025 283 836
24445 2362 3105 2531 182
24405 2381 3136 470 6.70
24480 2411 30.16 208 896
24481 2430 30.96 357 308
24455 2443 EINT] 4385 337
24485 2497 30.87 57 35
10:05:83 247 237 30.03 377 J46
10:00:80 24512 2582 3158 2516 413

Table 8: Percentage of Al,Os, SiO, and of Fe,O3 in
bricks (Sample location-3)

Sanple] Mixratio | vz Massof Total% of | Total % of | Totl% of  Conpressve
loeation| (GFATOW) | brick  AbGhina | SiQtina | FeQiina  strengthof abrick
No. [ brick | brick brick for 28 days of
curing (MPa)

THE S 5.0 1643

FEIIT 612 | 3431 331 532

14T 2630 | 10 T 12

24311 2648 | 359 15.68 7.8

14302 2667 | 3675 16.56 18

14T 2653 | 3308 1258 441

pEIE] L[ A .6 038

244% 2730 | 333 1435 1140

3 180 2748|361 5.3 1075

24500 2766 | 3100 16.12 15

FEIL3] 2811 | 348 B0 5.5

1468 2825 | 3566 L 540

24448 2843 | 3647 1478 643

24429 2866 | 3107 1567 3

1497 2925 | 31585 B8 5

0 2491 2947 | 361 R £.58

01080 | 287 96 | 3 5.2 518

15:00:85 24506 3047 | 301 5.8 587

UGS | 289 I IEEE L 506

10:00:90 24517 364 | 3808 1433 416

Table 9: Percentage of Al,O3, SiO, and of Fe,03 in
bricks (Sample location-4)

Sanpla| Mixratih | Avg Mass | Total % of | Total % of | Total % of | Compressive strangth
loeation| (C:FA:IOW) | of brick | AkOsina | §O:ina | Fe®s ina | of a brick for 28 days|
No. (k=) brick brick brick of curing (MPa)

: 24433 1776 4037 1627 17.09

240 1M 4113 17.15 10.33

24408 1313 4193 18.03 10.02

24378 1331 4279 18.92 3381

24343 13.49 4339 19.80 518

24468 1313 4117 1607 13.69

245 1331 4183 16.95 16.39

24420 1348 4273 17.83 15.75

4 24400 13.63 4339 1872 12.33
24360 13.56 4438 19.60 3.86

24479 13.63 4273 16.75 1234

24463 13.36 4353 17.64 936

24433 1904 4439 18.52 307

24403 192 4519 1940 1193

2490 192 4433 174 1192

248 1841 4518 18.33 365

24445 18.3¢ 458¢ 18.23 614

24500 1877 4589 1812 170

2481 13.59 4423 18.00 517

24510 20.32 4758 18.81 379

Table 10: Percentage of Al,O3, SiO,and of Fe,0O; in
bricks (Sample location-5)

Sanple| Mmratio | Ave Mass | Total % of | Total % of Total % of | Conapressiv e strength
location| (C:FAIOW) | of brick | AbQsina SiC |FeCeina |ofabridkfor 28 daysof
Na (k=) brick | imabrick | bridk ewring (MPs)

24465 20.30 3554 13.15 923

2. 2048 4074 1403 325

24406 20.66 4133 1491 636

2437 0.8 4133 1580 RS

24330 L0 4316 16.68 437
247 2.8 4070 127 0.4

244688 2L 4151 13.58 3.16

- 24448 2.0 4231 1447 147
? 24383 2141 4312 15.36 635
243353 L% 4392 16.24 6.06

247 2L&0 4228 13.15 301

24434 2178 4308 1404 6.96

24430 2197 4338 1492 603

241 215 4468 15.80 i3

249 2 4383 13.60 [RE

: 2473 prki] 4485 1443 716

10:10:80 | 24410 [ 2271 45.46 15.37 464
15:00:85 | 24311 23.09 4542 14.04 6.33
10:05:85 | 24487 2201 in 14.16 in
10:00:90 | 24319 | 2383 46.99 1449 430

5.1 Impact of Percentage of SiO, Present in a Brick
with its Compressive Strength:

As the aim of this investigation was to find out the
impact of major chemical constituents in a prepared
IOW brick on its compressive strength, hence using
Table 6 to Table 11, critical study was carried out to
see the variation of a particular chemical constituent
with compressive strength keeping the other two
chemical constituents constant. For instance, Table
12 was arrived at by careful study of Table 6 and
Table 9. It was found that for constant value of Al,O4
~ 19 % and Fe,03 =~ 19 %, there is variation in SiO,
with compressive strength. A plot of total percentage
of SiO, vs. compressive strength data of Table 12 is
shown in Figure 4. From Figure 4 it is observed that
there is no particular relationship i.e., either increase
or decrease of compressive strength with the total
percentages of SiO, present in a brick.
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Table 11: Percentage of Al,O3, SiO, and of Fe,Os in
bricks (Sample location-9)

5i0;= 38 %0 and Fe;0: = 26 %0 constant

Table 12: Variation of SiO, with compressive strength
(A|203 =19 %Fe203 =19 %)

Total percentage of SiO, Compressive strength (MPa)

34.61 11.20
34.91 8.69
35.20 11.94
43.59 5.18
43.59 12.38
44.39 8.86
44.39 8.07
45.19 11.93
45.19 6.14

Al; 03 =19 % and Fe;03 =19 %0 constant

Compressive strength (MPa)
—
=

= =)

3461 3491 352 4350 4350 4430 4430 4519 4519
Total percentage of 8i0;

Figure 4. Total percentage of SiO, vs. compressive
strength

5.2 Impact of Percentage of Al,O; Present in a
Brick with its Compressive Strength

To find out the impact of percentage of Al,O; on
compressive strength of bricks, Table 11 was
considered. It was found that for constant value of
SiO; = 38 % and Fe,O3 = 26 %, there is variation in
Al,O; with compressive strength. A plot of total
percentage of Al,O; vs. compressive strength data is
shown in Figure 5. From Figure 5, it is again observed
that there is no particular relationship i.e., either
increase or decrease of compressive strength with the
total percentages of Al,O3present in a brick.

o
Sample| Mix ratio | Avg, Mass|Total % of Ak Q| Total % of | Total % of | Conpressive strensth E’
location| (C:F A:IOW)| of brick in abrick Si0h Fe:(k ina | of a brickfor 28 day: w10
No. (=) inabrids | brick of curing (MPs) 8
J0:05:65 24448 1450 46 2.29 1761 - g
25:10:65 2452 14.68 3526 2B.17 1588 2
201365 24395 14.86 36.07 24.06 1447 & 6
1520:63 24350 15.03 36.87 454 11.87 &
1025:65 24317 1523 37.68 25.82 3.56 = 4
30:00: 70 2470 14.61 3480 22.56 1540 =
B030 24445 14.80 33.61 B4 1240 &} 1
201070 2412 14.58 36.41 432 11.31
6 151570 2.4380 15.16 T 2521 1001 0
10:20:70 24345 1534 38.02 26.09 5.66 1534 15.28 1546 1539 1551
2. 14.51 35.95 23.71 1434
P T® A N 1330 Total percentage of Al,O3
2. 15.28 37.56 2347 15304
2 b £ % 12 Figure 5. Total percentage of Al,O5vs. compressive
2.4 5.3% 315 54 1038
2.4 5.57 38.7 26.62 487 Strength
24 5.51 3825 26.00 7.88 .
lo585 | 24655 457 %97 | B4l 51 5.3 Impact of Percentage of Fe,O; Present in a
10:00:90 24525 15.80 3540 27.15 371

Brick with its Compressive Strength

To find out the impact of percentage of Fe,O; on
compressive strength of bricks, Table 7, Table 9,
Table 10 and Table 11 were considered. Systematic
study of Table 7 (Al,O3 = 24 % and SiO;, = 30 %;
Fe,O3 varying with compressive strength); Table 9
(Al,O3 = 19 % and SiO, =~ 44 %; Fe,05 varying with
compressive strength); Table 10 (Al,O; = 22 % and
SiO, = 44 %; Fe,O3 varying with compressive
strength); and Table 11 (Al,O3~= 15 % and SiO, = 37
%; Fe,O3; varying with compressive strength) was
carried out. A plot of total percentage of Fe,O; vs.
compressive strength data for Table 7, Table 9, Table
10 and Table 11 are shown in Figure 6, Figure 7,
Figure 8 and Figure 9 respectively.

I AlLO3 = 24 % and 5i0;= 30 % constant

i

2189 22.78 2205 2293 24

=

e

Compressive strength (MPa)

(=

Total percentage of Fe;O3

Figure 6. Total percentage of Fe,O5vs. compressive
strength

AL 03 =19 % and Si0; = 44 % constant

J“ll

1832
Total percentage of Fey03

—
.

—
=)

o

Compressive strength (MPa)
—
=

= S -

Figure 7. Total percentage of Fe,O3vs. compressive
strength
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AlO3= 22 % and 5i0;= 44 0% constant

11

14.48 1492 158

Total percentage of Fe;03

Figure 8. Total percentage of Fe,O3vs. compressive
strength

Compressive strength (MPa)

£ e b2 La dm Lnoon

AlLO:= 15% and 5i0;= 37 %% constant

3
6
4 1 1
2
0

24539 2494 3.2 541 2382

Compressive Strength (MPa)
=

Total percentage of Fey03

Figure 9. Total percentage of Fe,O3vs. compressive
strength

From Figure 6 to Figure 9, it is clearly observed that
with increase in total percentage of Fe,O3 in a brick,
its compressive strength decreases gradually. Hence,
it is concluded that percentage of Fe,O; present in a
brick certainly has a negative impact on its
compressive strength.

6. Conclusions

Through this investigation, an attempt was made to
investigate the impact of major chemical composition
of prepared IOW bricks on its compressive strength.
The chemical compositions like total percentage of
Al,Oz, SiO, and Fe,Os; present in a brick were
observed through the output of Java program for all
the mix ratios. Based on the available data, results of
investigation on the impact of chemical composition
of bricks on its compressive strength revealed no
appropriate relationship with total percentages of SiO,
and Al,Og3 present in a brick. However, with increase
in total percentage of Fe,Oj present in a brick, its
compressive strength was found to decrease
gradually. Hence, it is suggested to prepare non fired
compressed bricks from iron ore waste fines
containing low percentage of Fe,O;, which is also
desirable from the point of view of mineral
conservation.

The authors are of the opinion that detailed
investigation can be taken up in future to study
exclusively the influence of different types of
chemical constituents which are present in IOW brick
and correlate it with compressive strength and water

absorption by carrying out regression analysis and
arrive at some useful conclusion.
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