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Abstract—This Natu ral  aggregates  a re  beco min g increas ing ly sca rce  and  thei r  p rodu ct ion  i s  beco min g mo re 

d i f f icu l t .  S t ee l  s l ag i s  an  indust r ia l  b y product  ob ta ined  fro m th e s teel  manu factu r ing  indust ry.  S teel  s l ag  can  be 

used  in  th e  con st ruc t ion  as  f ine  aggregates  in  concret e  b y rep l acin g natural  aggrega tes .  

S tee l  s l ag i s  cur ren t ly u sed  as  aggregate  in  ho t  mix  as ph al t  su r face appl i cat ions ,  bu t  there  i s  a  n eed  for  

so me addi t ional  wo rk to  dete rmin e th e  feas ib i l i t y  o f u t i l iz in g th i s  indus t r ia l  b y -product  more wi sely as  a  

rep l acement  fo r  bo th  f ine  and  coarse  aggregates  i n  a  con vent ion al  con cret e  mixtu re .  Mo st  o f  th e  v o lu me o f  

concret e  i s  aggrega tes .  Replacin g a l l  o r  so me p or t ion  of natu ral  aggrega tes  wi th  s t ee l  s l ag would  lead  to  

considerab le  envi ron mental  ben efi t s .  Th e a im o f exper iment  i s  to  f ind  the  maximu m conten t  o f  s t ee l  s l ag  as  

par t i a l  r ep l acement  o f M -sand  in  concre te .   

Th e percen t  o f  s t eel  s l ag as  p ar t i a l  r ep l acement  to  M -sand  in  concret e  a re  0 %,  10%,  20 %,  30%,40%,  M25 

grade Concret e ,  th e  co mpress ive  s t ren gth  t es t ,  Sp l i t  ten si l e  s t ren gth  and  f lexural  s t r ength  te s t .  Fro m th e 

exp er imenta l  s tud ies  pa r t i a l  r ep l acem ent  o f  M-sand  wi th  s teel  s l ag  imp roved  the  hard en  concret e  p roper t ies  l i ke  

S t ren gth ,  Sp l i t  tens i le  an d  fl exural  s t ren gth .  Th e r esu l t s  ob tain ed  fro m th i s  wo rk i s  expected  to  be  use fu l  in  

dete rmin in g th e  s t r ength  and  duct i l i t y  o f Elements  sub ject ed  to  s imi l a r  t yp es  of fo rces  and  thus  wi l l  h elp  to ward  

design in g e lement s  to  wi th s tand  f lexural  lo ad ing.  

 

Keywords— Concret e  m em ber- sand,  s teel  s lag  and  Flexural  load .  
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1.  INTRODUCTION  

As modern engineer ing pract ices  become more demanding,  there i s  an increas ing need for  a  wider  

spec trum of  construct ion mater ia ls  wi th  novel  p ropert ies.  I t  includes developing exis t ing mater ials  in  to  

ones wi th modified  propert ies  in combinat ion wi th other  sui table mater ia ls .  Cement concrete  i s  a 

processed construc t ion mater ia l  of immense importance no t  only in the f ield  o f c ivi l  engineer ing but  

also in the history of  mankind.  

Concrete  has a t ta ined the sta tus o f a  major  build ing mater ial  in al l  branches o f modern 

construct ions.  Concrete  is  the best  mater ial  o f  cho ice  where s trength,  durab il i ty,  impermeabi l i ty,  fire  

res is tance and  abras ion res is tance are required.  

The recent  boom in construct ion has given r ise  for  the demand of construct ion mater ials  espec ial ly 

the River  Sand .  For  mor tar  and concre te  the most  preferred .  F ine aggregate is  r iver  sand.  AsaRiver  sand 

is  mined from r iver  beds from mill ions o f years has grea tly impact  on environment.  The restr ict ion on 

sand mining by minis try o f environment and to  reduce the impact  on environment many al ternat ive 

mater ia ls  ar e using as subst i tute  to  r iver  sand ,  namely the  M -sand .  M-sand is  a  crushed  aggregate 

produce from hard granite  stone which i s  cubical ly shaped wi th grounded edges,  washed and graded 

wi th  consis tency to  be used as  substi tute  o f r iver  sand .  

M-sand are manufacture  sand is  also a  natura l  mater ia l  and as having quar rying and qual i ty issues.  

To reduce impact  and envi ronment,  a l ternat ive mater ia l  to  be used as subst i tute  to  f ine aggregate a re 

being extensively invest iga ted al l  over  the world.  The  rap id growth ind ustr ia l izat ion genera tes 

numerous kinds o f waste products such as steel  slag and iron slag.  These wastes by product  are 

consumed in construc tion.  

Steel  S lag i s  a  waste product  genera ted dur ing the  production of  Stee l .  These wastes are d isposed in the  

form of  landfi l l s  causes  an enormous amount o f  land po llut ion.  So for  the increasing demand to  protec t  

the normal environment,  especial ly in  bui ld -up areas,  the needs to  use the wastes very impor tant .  

Many researchers  have  invest igated the use o f  Steel  S lag (SS ) in the p roduction of cement mortar  and 

cement concrete .  The use o f SS in cement mortar  and concre te  provides potent ia l  environmenta l  as well  

as econo mic benefi t s  fo r  al l  re la ted industr ies,  par t icular ly in areas where a  considerable amount o f SS 

is  produced  and  a lso  several  researchers  have  invest igated the possib le use o f  SS as f ine  and coarse 

aggregates in concre te  and i t s  e ffects on the d i fferent  mechanica l  and  long -term proper t ies o f mor tar  

and  concrete .  Whi le  most  o f the repor ts point  to  benefi ts  o f using SS as f ine aggregates.  

2. EXPERIMENTAL WORK  

The properties of cement, M-Sand, Steel  slag are tested in laboratory and are reported in 

section 2.1.  Water cement ratio used was 0.45 by weight. The replacements of sand by 

BFS considered in this study a re 0%, 10%, 20%,30, and 40 % which are adopted for the 

preparation of flexure specimens.  
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A.MATERIALS USED AND ITS PROPERTIES  

 

 

 

 

 

a.Cement  

Ta ble -1  Phy s i ca l  Pro per t i e s  o f  Ceme nt  

 

 

 

 

 

 

 

 

b.M-Sand 

 

 

 

 

 

c .  S tee l  Slag (SS)  

The Stee l  slag used to  replace M -sand was ob tained from Iron and Steel  P lant ,  Tumkur .  The chemical  

composit ion of this SS tested in consultancy in Mysuru and the physica l  proper t ies are as sho wn in  

Table 3  & 4.  

 

 

 

 

 

Phy s i ca l  pro per ty  Resul t s  

o bta ined  

IS  spec i f i ca t io ns  

Stan d a rd  
con s i s t en c y  (% )  

3 1  Not  sp ec i f i ca t i on  

In i t i a l  s e t t i n g  t im e  6 4 min u tes  Not  l es s  t h an  3 0   

min u t es  

Fin a l  s e t t i n g  t im e  4 8 0  minu t es   Les s  t h an  6 0 0   
min u t es  

Fin en ess  of  c em en t  2 .8 %  Not  m or e  t h an  1 0 %  

Sp ec i f i c  gra v i t y  3 .1 4  3 .1 5  

Comp r ess i v e  
s t r en gth  3 -d a ys  

2 3 .6  N/mm 2  2 3 .0  N/mm 2  

Comp r ess i v e  

s t r en gth  7 -d a ys  

3 3 .1 9  N/mm 2  3 3 .0  N/mm 2  

Comp r ess i v e  
s t r en gth  2 8 -d a ys  

4 4 .1 0  N/mm 2  4 3 .0  N/mm 2  

Ta ble -2  phy s i ca l   Pro per t i e s  o f  M -Sa nd  

Fin en ess  m od u lu s  2 .8 5  

Den s i t y  (k N/m 3 )  1 .7 8  

Wat e r  con t en t  (%)  0 .4  

Sp ec i f i c  gra v i t y  

 

2 .6 3  
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Ta ble -3  Phy s i ca l  Propert ies of  SS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d.Coarse Aggregate  (CA)  

Ta ble  5 :  Pro per t i e s  o f  co a rse  a g g reg a te  

SI .  No  Tes t  Resul t s  

1 .  Sp ec i f i c  Gra vi t y  2 .6 7  

2 .  Wa t e r  ab so rp t i on ,  %  0 .5  

3 .  Ag gr ega t e  c ru sh in g  va lu e ,  %  2 7 .9 8  

4 .  Ag gr ega t e  imp ac t  va lu e ,  %  2 8 .4 4  

 

e.Water  

 Ordinary potable water was used for m ixing. The mixing water should be fresh, clean, 

and potable 

B.CASTING &TESTING OFSPECIMEN 

 Casting of  spec imens  

Parameters considered in this s tudy are ,  the percentage of M -sand replacement by 0%, 10%, 20%,30% 

and  40% by weight  were  considered in  this stud y.  A total  o f  15 Beam specimens have  been cas t  on edge 

in  5  groups.  3  specimens were cast  at  a  t ime.  The  dimension of specimens 100x100x500mm and  using of 

I ron moulds for  cast ing the specimens.  Fresh concrete  i s  tes ted for  workabil i ty l ike s lump tes t  and the 

result s  as sho wn in f ig .1 .  In each cast ing 3 cubes 150x150x150mm of s ide was a lso cast  as  cont rol  

spec imens.  A p la te  vibrator  was used for  compact ing the spec imens.  Moulds  were d ismant led 24 hours  

af ter  cast ing and cured under  water  up to  age of  28 days.  After  cur ing the specimens were removed fro m 

water  and kept  in a  coo l  and dry p lace t i l l  they were tes ted.  Al l  the specimens were whi te  washed before 

test ing to  ensure vis ibi l i ty o f  cracks clear ly.  Three cubes were  tes ted  fo r  s trength afte r  test ing each s et  

of spec imens in each group.  Thebeams are then tes ted for  28 days for  the f lexura l  s trength as sho wn in 

f ig.2 .   

SI  .No  Test  Resul t s  

1 .  Sp ec i f i c  gra v i t y  2 .5  

2 .  Grad in g  zon e  I I  

Ta ble -4  Che mica l  Pro per t i e s  o f  SS  

 

 
Co nst i tue nts  Co mpo s i t i o ns  ( %)  

SiO 2     3 3 .8  

Al 2 O 3   1 3 .4  

CaO    4 1 .7  

MgO   7 .4  

  S       T races  

Oth er s   3 .7  
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Designation of specimens  

SS-1 :  Normal  concrete  

SS-2 :  Concrete  wi th 10% rep lacement o f  s tee l  slag  

SS-3 :  Concrete  wi th 20% rep lacement o f stee l  s lag  

SS-4 :  Concrete  wi th 30% rep lacement o f stee l  s lag  

SS-5 :  Concrete  wi th 40% rep lacement o f stee l  s lag  
 

 

Ta ble6 :  S lu mp Tes t  re su l t s  

Mix  pro po r t io n  S lu mp in  mm  

SS-1  5 5  

SS-2  7 0  

SS-3  9 0  

SS-4  1 0 0  

SS-5  1 2 0  

 

 
Fig .1  S lu mp va r ia t io n  in  mm  
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Fig .2  Spec i mens  te s t ing  Arr a ng e ment  

 

 

 

3.RESULT & DISCUSSION 

  Behavior  o f average of three Specimens for  each percentage of s lag replacement under  Compression 

loading and f lexura l  loading,  represented by the  curves show in f ig 3  and 4.  

 

 
Fig .3  Co mpress i ve  s tre ng th  te s t  re s u l t s  f o r  2 8  da y s   

 

 

 
Fig .4  f l exura l  s tr eng th  te s t  re su l t s  f o r  2 8  da y s   

 

From the above figure 3  and figure 4  shows that  optimum value of 20% replacement o f M -sand by s teel  

slag,  resul ts  was found  to  be optimum and 40% of s tee l  s lag rep lacement wi th M-sand wi l l  s l ightly 

decrease  in s trength  as compare to  normal concrete .  

 

4. CONCLUSION 

From the above experimenta l  invest igat ion,  the fol lo wing conclus ions  can be drawn,  

  Steel  s lag is  a  var iab le replacement for  M -sand in industr ial  areas o r  areas where there is  

scarci ty o f f ine aggregate.  

  From the result  o f  fresh concre te ,  the increase in  slump va lue is  absorbed up to  40% of M -sand 

replaced wi th s teel  s lag.  

  Replacement o f 20% of Steel  s lag has sho wn increase in  ul t imate  s trength under  flexura l  loading.  

  Thus we can conclude  that  20% of stee l  slag as subst i tute  for  M -sand to  produce structura l  

concre te  which can be used for  prac tical  s truc tural  app lica t ion.  

  Steel  s lag beams have good mo ment o f  resis tance compare to  normal concrete .   
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