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Abstract—Now-a-days environment problems are very common in 
India due to generation of industrial byproducts. Due to increase in 
industrialization the waste products also increases and to utilize 
these waste products is a big concern. Iron slag is one of the 
industrial by-products from the iron and steel making industries. In 
this paper the effect on compressive strength with partial 
replacement of sand using iron slag is studied. Compressive strength 
tests are carried out on concrete cubes (150X150X150 mm) with sand 
replaced by iron slag at five levels (0, 15, 30, 45 and 60%). The 
results show that the iron slag added to the concrete has greater 
strength than the plain concrete.  

1. INTRODUCTION 

Slag is a broad term covering all non-metallic co products 
resulting from the separation of a metal from its ore, its 
chemistry and morphology depends on the metal being 
produced and the solidification process used. Slags can be 
broadly categorized as ferrous (iron/steel) and non-ferrous 
(copper, lead/zinc) depending on the industry from which they 
come. Iron slag is a byproduct obtained in the manufacture of 
pig iron in the blast furnace and is produced by the blend of 
down-to-earth constituents of iron ore with limestone flux. 
While limestone may seem unrelated to the production of iron 
and steel, it actually is an essential auxiliary material that is 
added during the production process. During the process of 
reducing iron ore, it is necessary to remove the silica, alumina 
(Al2O3), and other non-ferrous components contained in iron 
ore. The added limestone fuses with these components and 
lowers their melting point, making it easier to separate them 
from the iron and recover them. This recovered substance is 
slag.  

Aggregates have a significant influence on both rheological 
and mechanical properties of mortars and concrete, Neville 
[1]. Their specific gravity, particle size distribution, shape and 
surface texture influence markedly the properties of mortars 
and concrete in the fresh state. In India, natural river sand (fine 
aggregate) is traditionally used in mortars and concrete. 
However, growing environmental restrictions to the 
exploitation of sand from riverbeds have resulted in a search 

for alternative sand, particularly near the larger metropolitan 
areas. Thus artificial sand/fine aggregate appear as an 
attractive alternative to natural sand for concrete. The 
replacement of natural sand using iron slag in different 
proportion had been done by Pellegrino C et al. [2], M C 
Nataraja et al. [3], Chetan Khajuria et al. [4]. Siddique R et al. 
[5] studied the properties of concrete containing ground 
granulated blast furnace slag (GGBFS) at elevated 
temperatures. 

Many steel industries in India are supplying GBFS as an 
alternative to sand. Various types of slag from copper and 
steel industry are being used in mortar and concrete Pundhir et 
al. [6], Khalifa et al. [7], Mohammed Nadeem et al. [8], 
Tamilarasan et al. [9]. The use of Granulated Blast-Furnace 
Slag (GBFS) as an aggregate in cement mortar and concrete 
provides environmental as well as economic benefits. 

In addition there are many other alternative materials for 
aggregates derived from construction and demolition wastes, 
recycled aggregates and quarry wastes. These aggregates are 
successfully utilized in concrete production which can also 
help to conserve natural materials and to reduce the cost of 
waste treatment prior to disposal, Nataraja et al. [10]. 

2. MATERIALS  

The various materials that are used in this research are as 
follow:- 

Cement – Ordinary Portland Cement (OPC) of 43 Grade 
(Bangur Cement) is used that is locally available. The cement 
was free from lumps. The properties of the cement as 
determined from various test confirming to IS: 8112-1989 
code [11] are listed in Table 1. 

Fine Aggregate: Natural sand of grading Zone II 
confirming to IS:383-1970 code [12] is used that is available 
commercially. The specific gravity of the sand is calculated as 
2.70. 



Eff
 

Co
of 
19

Ch
use
(Fi

Iro
the
Mu
Mo

ffect on Compr

oarse Aggreg
10mm and 20

70. The specifi

hemical Admi
ed from Fosro
ig.1) to reduce 

F

on Slag: T
e Shri Jaibal
uzaffarnagar, 
odulus of iron 

Table 1: 

essive Strength

Print ISSN: 

gate: Crushed
0mm nominal 

fic gravity of th

ixture: A co
oc Chemicals 
the water Cem

Fig. 1: Superpla

The Iron 
laji Steel Ro
(U.P.) as sho
slag was 2.10 a

Fig. 2: I

Properties of O

h of Concrete w

Journal of C
2349-8404; O

d angular co
sizes are use

he aggregate is 

oncrete super 
(India) Pvt. L

ment ratio. 

asticizer (Fosroc

Slag was 
olling Mills 
own in (Fig.2
and was in bla

Iron Slag 

OPC 43 Grade C

with Partial Re

Civil Engineer
Online ISSN: 23

oarse aggrega
ed as per IS:3

2.69.  

plasticizer w
Ltd. as shown

c) 

obtained fr
Ltd. located 

2). The Finen
ck grey colour

 

Concrete 

eplacement of S

 

ing and Enviro
349-879X; Vol

ates 
83-

was 
n in 

 

rom 
at 

ness 
r. 

 

3. EX

3.1 Mix

The tw
compos
Table 2
replacin
the sam
cement 
concrete

Ceme
Fine a
Coars
Water
Super

 

3.2 Tes

Concret
testing 
varying
slag as 
into cu
cement 
colour a
mixture
added a
The int
oiled b
specime
fresh w
3, 7 an
added to
applied 
The re
proporti
given in

Sand using Iron

onmental Techn
lume 2, Numbe

XPERIMENTA

xture Proporti

wo types of m
sed according t
2. Secondly, co
ng 15 %, 30 %

me amount of ce
ratio as shown
e mixes was 3,

Table 2: Weigh

Mix Propor
ent 
aggregate 
se aggregate 
r/Cement(w/c) r
r plasticizer 

Fig. 3: Conc
pr

t Procedure a

te cube of size
the compress

g percentages (
partial replace

ubes for testing
and fine aggr

appeared and 
e of cement an
along with supe
terior surface 
before concre
ens were remo
ater for curing
d 28 days of 
o the dry mix. 
axially witho

esults of the
ions of iron sl
n the Table 3

n Slag

nology 
er 6; April-Jun

AL PROCED

ioning 

mixes are prep
to IS:10262- 2
oncrete mix ar
%, 45 % & 60
ement, coarse 
n in (Fig. 3). T
, 7 and 28 days

ht of component

rtion 

ratio 

crete Cubes ma
roportions of Ir

and Results 

e 150 × 150 × 
ive strength. 
(0%, 15%, 30%
ement of fine a
g. In this stud
regate were fir
then coarse ag
nd fine aggreg
erplasticizers a
of the moulds

ete was place
ved from the m

g. The specimen
curing measur
For testing in 
ut shock till th
e compressio
lag replacemen
. The compre

ne, 2015 

URE 

ared. Firstly, 
009 code [13] 

re prepared usi
% of fine agg
aggregates and

The curing peri
s. 

t per m3 of con

Weight per 
350 
855.28 
1157.58 
0.40 
1% by weight o

ade with differen
on Slag 

150 mm were
The concrete 
%, 45% and 6
aggregate (san
dy, to make c
rst mixed dry 
ggregate was a
gate. After tha
and the whole 
s and the base
ed. After 24
moulds and pla
ns so cast were
red from the ti
compression, 
he specimen w
n testing w
nt at 3, 7, and 
ssive strength 

511 

control mix 
as shown in 

ing iron slag 
gregates with 
d same water 
iod of all the 

crete 

m3 (kg) 

of cement 

 

nt  

prepared for 
mixes with 

60%) of iron 
nd) were cast 
control mix, 
till uniform 

added in the 
at water was 
mass mixed. 
e plate were 

4 hours the 
aced in clean 
e tested after 
ime water is 
the load was 

was crushed. 
with varying 

28 days are 
of concrete 



512

cub
inc
sla
add
10
add
inc
of 

T

Ir
  
Co
15
30
45
60
  

Fig
com
Th
and
45

2

bes is shown g
creases as com
ag was increase
ding 15% iron
.95% after 28
ding 30% and
crease in perce
iron slag the in

Fig. 4: Co

Table 3: Compre

Mix Proport
ron Slag By % 

  
ontrol Mix  
5% 
0% 
5% 
0% 

  

g. 4 shows 
mpressive stre

he results also 
d 7 days was 
% of fine aggr

Fig. 5: P

Print ISSN: 

graphically in F
mpared to contro

ed upto 45% a
n slag in the 
8 days as com
d 45% iron sla
entage i.e. 19.2
ncrease in perc

ompressive stren

essive strength 
150 × 150 × 150

tion Co
of F.A. 3 Da

    
17.77 
19.71 
21.92 
23.08 
18.85 
    

the variation
ength with dif
indicate that s
higher when c

regate is replac

Percentage (%) 
Strength of iro

Journal of C
2349-8404; O

Fig. 4. The com
ol mix as the p
fter that it was
mix, there wa

mpared to the 
ag, there was 
2%and 23.3%.

centage decreas

ngth of iron sla

of concrete mix
0 with iron slag

ompressive Stre
ays 7 Days

    
29.04 
32.15 
34.39 
36.03 
30.78 
    

 
n of percenta
fferent proport
strength gain a
compared to th
ed by iron slag

increase in com
on slag concrete

Civil Engineer
Online ISSN: 23

mpressive stren
percentage of ir
s decreased. Af
as an increase
control mix. 
large amount

. By adding 60
sed upto 5.95%

g concrete 

xes specimen siz
g 

ength (N/mm2)
 28 Days

    
42.31 
46.94 
50.41 
52.13 
44.82 
    

age increase 
tion of iron sl
at early age fo
he control mix
g. 

mpressive  
e 

R

 

ing and Enviro
349-879X; Vol

ngth 
ron 
fter 
 of 
By 

t of 
0% 

%.  

 

ze 

in 
lag. 
or 3 
x if 

 

4. CO

The com
the pres
slag w
conclus

 Aft
inc
con
larg
23.
per

 Wi
con
upt

 Wo
per

 The
age

5. AC

First au
research

Rachit Saxena, A

onmental Techn
lume 2, Numbe

ONCLUSIONS

mpressive stre
sent work by r
ith the sand. 

sions were draw

ter adding 15
crease of 10.9
ntrol mix. By a
ge amount of 
3%. By addi

rcentage decrea
ith the increas
ncrete mix, th
to 45% iron sla
orkability of 
rcentage of iron
e early age stre
es, if 45% of fi

Fig. 6: Comp

Fig. 7: Concre

CKNOWLEDG

uthor is gratefu
h who has b

Abhishek Sing

nology 
er 6; April-Jun

S 

ength of concr
replacing 15%

On the basi
wn: 

% iron slag i
2% after 28 

adding 30% an
f increase in p
ing 60% of i
ased upto 5.95%
se of percent
he compressiv
ag. 

concrete dec
n slag. 
ength gain is h
ne aggregate is

 

pressive strengt

ete cubes after c

GEMENT 

l to second aut
been a consta

gh Kushwaha an

ne, 2015 

ete had been c
, 30%, 45% an
is of testing, 

in the mix, th
days as comp

nd 45% iron sla
percentage i.e.
iron slag the 
%. 
tages of iron 
ve strength als

creases with 

higher as comp
s replaced by ir

th test in progre

compression tes

thor for helping
ant source of

nd Shilpa Pal 
 

computed in 
nd 60% iron 

subsequent 

here was an 
pared to the 
ag, there was 
 19.2% and 
increase in 

slag in the 
so increases 

increase in 

pared to later 
ron slag. 

 

ess 

 

sting 

g him in this 
f inspiration 



Effect on Compressive Strength of Concrete with Partial Replacement of Sand using Iron Slag 513 
 

 

Journal of Civil Engineering and Environmental Technology 
Print ISSN: 2349-8404; Online ISSN: 2349-879X; Volume 2, Number 6; April-June, 2015 

throughout this work. The author also wishes to acknowledge 
Gautam Buddha University (Gr. Noida, U.P), Mr. Kapil Nagar 
(Globus Constructions Pvt. Ltd.) and Mr. Deepak Jain (Shri 
Jaibalaji Steel Rolling Mills Ltd.) for their invaluable 
contributions to this paper. 

REFERENCES 

[1] Neville A M, Properties of Concrete, 3rd Edition, ELBS and 
Longman Singapore, 1989. 

[2] Pellegrino C., Gaddo V. (2009) “Mechanical and durability 
characteristics of concrete containing EAF slag as aggregate.” 
Cement & Concrete Composites, Vol. 31 pp 663-671. 

[3] Nataraja M C, Nagaraj T S and Ashok Reddy (2001), 
“Proportioning Concrete Mixes with Quarry Waste”, 
International Journal of Cement, Concrete and Aggregates, Vol. 
23, No. 2, pp. 1-7. 

[4] Chetan Khajuria et al. (2014) “Use of Iron Slag as Partial 
Replacement of Sand to Concrete”, International Journal of 
Science, Engineering and Technology Research (IJSETR), 
Volume 3, Issue 6, June 2014. 

[5] Siddique R., Kaur D. (2011). “Properties of concrete containing 
ground granulated blast furnace slag (GGBFS) at elevated 
temperatures.” Journal of Advanced Research Vol. 3 pp 45-51. 

[6] Pundhir N K S, Kamaraj C and Nanda P K (2005), “Use of 
Copper Slag as Construction Material in Bituminous Pavement”, 
Journal of Scientific & Industrial Research, Vol. 64, pp. 997- 
1002.  

[7] Khalifa S Al-jabri, Abdullah H Al-Saidy and Ramzi Taha 
(2011), “Effect of Copper Slag as a Fine Aggregate on the 
Properties of Cement Mortars and Concrete”, Construction and 
Building Materials, Vol. 25, No. 2, pp. 933-938. 

[8] Mohammed Nadeem and Pofale A D (2012), “Replacement of 
Natural Fine Aggregate with Granular Slag - A Waste Industrial 
By-Product in Cement Mortar Applications as Alternative 
Construction Materials”, International Journal of Engineering 
Research and Applications, Vol. 2, No. 5, pp. 1258-1264 

[9] Tamilarasan V S and Perumal P (2012), “Performance Study of 
Concrete using GGBS as a Partial Replacement Material for 
Cement”, European Journal of Scientific Research, Vol. 88, No. 
1, pp. 155-163. 

[10] Nataraja M C, Nagaraj T S and Ashok Reddy (2001), 
“Proportioning Concrete Mixes with Quarry Waste”, 
International Journal of Cement, Concrete and Aggregates, Vol. 
23, No. 2, pp. 1-7. 

[11] IS: 8112-1989: Specification for 43-grade Ordinary Portland 
Cement, Bureau of Indian Standards, New Delhi. 2001. 

[12] IS: 383-1970: Specification for Coarse and Fine Aggregates 
from Natural Sources for Concrete, Bureau of Indian Standards, 
New Delhi, 1993. 

[13] IS: 10262-2009: Recommended guidelines for concrete mix 
design, Bureau of Indian Standard, New Delhi. 

[14]  M C Nataraja1, P G Dileep Kumar, A S Manu and M C Sanjay 
(2013) “Use of Granulated Blast Furnace Slag as Fine aggregate 
in cement mortar” International Journal of Structural & Civil 
Engineering Research, Vol. 2, No. 2, May 2013. 

[15] Fosroc Chemicals (India) Pvt. Ltd. 
[16] http://www.nationalslag.org/common-uses-slag 
[17] Shri Jaibalaji Steel Rolling Mills Ltd. located at Muzaffarnagar, 

(U.P.)  
[18]  
[19]  


