
https://civinnovate.com/civil-engineering-notes/



6 

UN  TI –  I  

M TNEUTITSNOC TA SLAIRE  

1. nifeD e ggA re tag e.
agerggA t se  era  ed f deni  sa  ,treni  ,ralunarg  dna  cinagroni  slairetam  th ta  amron lly 

tsisnoc  enots fo  ro  enots - ekil  .sdilos  setagerggA  nac  eb  desu  enola  ni(  daor  sesab  na d 
suoirav  t sepy  fo  )llif  ro  nac  eb  desu  htiw  ce gnitnem  slairetam  hcus(  sa  naltroP d 
tnemec  ro  tlahpsa  )tnemec  ot  mrof  tisopmoc e iretam a noc ro sl cre .et  

2.  eht era tahW v suoira  te sts  rgga no enod eb ot era hcihw e tag es?
woleb detsil era setagergga no enod era hcihw tset suoiraV

lanA eveiS y sis  

 etaW r osbA r  noitp

 erggA g  eta I apm c eulaV t  

 erggA g eulaV noisarbA eta  

 erggA g nihsurC eta g eulaV  

.3 rht yna tsiL ?tnemec fo edarg si tahW e ts rieht htiw tnemec fo sedarg e er gn t .sh
edarG  fo  tnemec  stneserper  eht  cificeps  82  syad  evisserpmoc  erts n tg h. hT e
gniwollof  eerht  g ra sedar e g nola nevi g nerts evisserpmoc rieht htiw g sht  

rG 33 ade  CPO – aPM 33
rG 34 ade  CPO – aPM 34
rG 35 ade  CPO – aPM 35

.4  si tahW m mec fo noitardyh yb tnae e ?tn
 htiw yllacimehc gnitcaer fo ytreporp eht evah etercnoc gnikam rof desu stnemeC

na ni retaw  nemtaert retaw ni stluser taht noitardyh dellac ssecorp cimrehtoxe t 
.stcudorp

.5  ?tnemec ni tes eslaf si tahW etirW   snosaer of r ti

eslaF  tes  ni  tnemec  o cc u sr  ehw n eht  g muspy  dehy rd seta  sa  a tluser  of 
co gnitcatn  toh  lc i ekn r ta  hgih  serutarepmet  ni  a idnirg ng .llim  sihT  setaerc  etsalp r 
ot  mrof  yg p mus  dna  neffits  eht  rcnoc ete. 

6. De ec retaw s’marbA enif me .wal tn

gnidroccA  ot  marbA s‘  retaw  tnemec  wal , eht  htgnerts  fo  noc c eter  d nepe ds no  
eht  aw t re  ec r tnem a .desu oit
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.7 porp eht era tahW e ggA fo seitr re tag e?
 erutsioM c snoitidno

ehT  erutsiom  noitidnoc  fo  setagergga  srefer  ot  eht  eserp n ec  of taw er ni  eht  erop s
dna  no  the ga fo ecafrus erg g ta e .s

De rg cificeps dna ytisn a ytiv  
tisneD y nidulcxe( emulov tinu rep thgiew :)D( g ga elgnis a edisni serop eht g )etager  

diloS  V tisned kluB = D thgiew y  elgnis a edisni serop eht sedulcni emulov eht :
.etagergga

.8 ec fo sepyt eht era tahW me ?tn

yranidrO  P dnaltro  ,tnemec  dipar  nedrah i gn  ec m ,tne  wol  taeh  ec m ,tne  tsalb  
ecanruf  ls ag ,tnemec  etahplus  tnatsiser  ,tnemec  ria  iniartne ng ,tnemec  etihw  dna  
deruoloc  ec m ,tne  hgih  animula  ,tnemec  cinalozzop  ec m ,tne  repus  lus p etah  ec m ,tne  

ex evisnap  ,tnemec  iuq ck s te t gni  nifoorp retaw ,tnemec tnalleper retaw ,tnemec g 
.tnemec  

.9 pyg fo noitcnuf eht si tahW sum  eht ni m afuna c ?tnemec fo erut

In dro er ot  d le ay ht e se gnitt  noitca  fo  ,tnemec  nehw  im x de  htiw  taw er, a elttil  
ep r tnec a eg  of gy dnirg erofeb reknilc eht ni dedda si musp dwop enif ot meht gni er. 

01 . oc s’eugob era tahW m ?sdnuop

• clacirT i mu  tacilis e S.OaC iO2 C3S 

• muiclaciD  etacilis OaC . iS o2 C2S 

• T ir c la c ui m ula m ni ate lA.oaC 2O3 C3A 

• Tetr aca lc ui m a ul mi on ferrite Ca A.O l2O3.Fe2O3 C4 FA  

11 . lacimehC eht era tahW   noitisopmoC ?tnemec fo
dixO e reP  tnec  tnetnoc  

aC O 06 – 76  
SiO2 17–  52  

lA 2O3 .3 0– 0.8  
Fe2O3 .0 5– 0.6  
M Og  .0 1– 0.4  

seilaklA (K2O,Na2O) .0 4– .1 3 
SO3 .1 3– 0.3  
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21 . tpoda tset eht noitneM e t ot d e  ts t ec fo seitreporp eh m arobal ni tne tor ?sei

• F neni e ss
• cnetsisnoC y tset
• itteS ng emit
• ndnuoS e ss
• rpmoC e nerts eviss g ht

31 .  tset ot detpoda tset eht noitneM t ec fo seitreporp eh m ?dleif ni tne
• a eb ton dluohs ereht ,tnemec eht ta kool doog a ekat dna gab eht nepO ny

 spmul elbisiv

•  tsurhT y eef dluohs gab tnemec eht otni dnah ruo gnileef looc l

• ekaT  a ip n hc  fo  tnemec  dna  leef  neewteb  eht  if nge .sr  tI  dluohs  evig  a sm htoo
ileef ng ton  ttirg a y gnileef

• ekaT  a dnah  lluf  fo  mec e tn  dna  worht  ti  no  a tekcub  lluf  fo  ,retaw  eht  pa itr c el
dluohs  taolf  of r b emit emos e eht erof y .knis

41 . hW ffe sti era tahW ?kcatta etahplus si ta ce ?st

anidrO ry dnaltroP  tnemec  si  elbitpecsus  ot  eht  kcatta  fo  ,setahplus  ni  ralucitrap
ot  eht  oitca n o  f  etahplus muisengam . setahpluS  htob tcaer   muiclac eerf eht htiw
yh d ni edixor  tes - tnemec  ot   mrof  ac l uic m s lu phate a dn  with hy rd ate of ac lcium 

al mu ni ate to f ro m ac lcium hplus o ,etanimula   eht  emulov  fo  hcihw  si  yletamixorppa
%722  fo  eht  emulov  fo  eht  lanigiro  .setanimula  hT rie  pxe a noisn  nihtiw  t eh  rf a em  

ow rk fo  ah r ened d ec me tn  ap s et  results in rc acks na d subs tneuqe  d oitpursi n. diloS  
etahplus  od  ton  kcatta  eht  tnemec  dnuopmoc . setahpluS  ni  noitulos  etaemrep  otni  
denedrah  etercnoc  dna  kcatta  muiclac  ,edixordyh  detardyh  muiclac  etanimula  dna  

neve   detardyh  etacilis s. The ab vo e is known as sul hp ate attack. luS phate a att ck 
si  rg eatly acce el rated by tla ernate w te ting and d yr ni g ihw ch on r am ll y tak se  lp ca e ni  
m ra ni e struc ut res in the zone of tid la  .snoitairav

1 .5 What a er  the qu eitila o s f water?
If retaw  si  tif  rof  gniknird  ti  si  tif  rof  gnikam  .etercnoc  sihT  seod  ton  raeppa  ot   eb

a eurt  etats m tne  rof  lla  .snoitidnoc  emoS  retaw s gniniatnoc  a llams  ma o tnu  fo  ragus  
dluow  be elbatius  rof  iknird ng but ton  rof  im x gni  etercnoc  dna  noc v esre ly w reta  

elbatius  rof  ikam ng m etercnoc a ton y  eb ylirassecen  gniknird rof tif . S acificeps emo ti no  
osla  tpecca  retaw  fo gnikam r  w fo eulav Hp eht fi etercnoc a  dna 8 dna 6 neewteb seil ret

ro morf eerf si retaw eht g m cina a .rett  
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P  TRA -  B

1. tuoba liated ni nialpxE  oirav eht us .tnemec fo sepyt

1. ranidrO y tnemeC dnaltroP

(i) ranidrO y meC dnaltroP rG 33 tne a ed

i( i) ranidrO y rG 34 tnemeC dnaltroP a ed

ii( )i ranidrO y rG 35 tnemeC dnaltroP a ed

2. draH dipaR e nin g Ce tnem

3. E tx ra paR id Harde gnin  Ce em tn

4. Su pl hate Re sis t ni g C eme nt

5. Por lt na d lS ag emeC nt

6. uQ ci k Sett ni g C eme tn

7. repuS  detahpluS  tnemeC

8. L H wo ae C t e tnem

9. dnaltroP  analozzoP  tnemeC

01 . riA  E tn r nia i gn  C eme tn

11 . deruoloC  :tnemeC  etihW  tnemeC

21 . Hydr tnemeC cibohpo

31 . aM os nry eC ment

41 . E napx sive Cement

51 . hgiH  animulA  tnemeC
 yranidrO P meC dnaltro e tn

T eh  OPC saw  class ifi ed ni to three ,sedarg  yleman  33  ,edarg  34  edarg  a dn  35  gr da e 
depe dn ing pu no  ht e str tgne h fo  ht e ec ment at 82  days hw en t etse d as per IS 4031- 891 8. 
• fI  eht  82  da sy  erts n tg h si  ton  ssel  naht  mm/N33 2, ti  si  dellac  33  edarg

,tnemec  fI  eht  str tgne h is ton  less th na  43 /N mm2, it is ac ll de  34  grade ec me tn , and If ht e
str gne th is not el ss then 35  /N mm2, ti  si  call de  53 grade ceme tn . tuB  eht  lautca

htgnerts  eniatbo d era  hcum  h rehgi  th  na  eht  SIB  snoitacificeps .

• oT  edargpu  eht  seitilauq  fo  tnemec  yb  gnisu  hgih  ytilauq  otsemil ,en  nredom
 ,stnempiuqe  resolc  no  enil  ortnoc l fo  ,stneutitsnoc  niatniam i gn  retteb  pa elcitr

is ze sid tr bi ut ,noi  fi en r gr dni ing na d eb tter p ikca ng. eneG r la ly esu  of hgih  edarg
stnemec  fo ef r am ny tnavda a eg s  rof gnikam  orts n reg  concrete. hguohtlA  yeht  era
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• Th si  cement si  similar ot  ro dina yr  P ro tl dna  c me tne . Rap di  hard ne gni
cement hw ich devel po s ih gher ar te of poleved m ne t of erts n htg  dluohs  ton  eb  
oc n uf sed htiw  ciuq k- gnittes  tnemec  hcihw  ylno  stes  .ylkciuq  aR dip  ah rd nine g ec ment 

deve ol ps at ht e age fo  rht ee da ,sy  ht e same str gne th as that is e px ected of or id n ra y 
Portland ec ment at sev ne  da .sy  

• ehT  dipar  etar  fo  tnempoleved  fo  htgnerts  si  detubirtta  ot  eht  rehgih  ssenenif  fo
gnidnirg cificeps(  ecafrus  ton  ssel  naht  0523  qs . mc  marg rep ) dna  rehgih  C3S rewol dna

C2S tnoc e .tn  

• A rehgih  ssenenif  fo  tnemec  selcitrap  esopxe  etaerg r ecafrus  aera  rof  noitca  fo
retaw  dna  osla  rehgih  noitroporp  fo  C3S stluser  ni  rekciuq  hyd noitar . ,yltneuqesnoC
dipaR   gninedrah  tnemec  sevig  tuo  hcum  retaerg  taeh  fo  h tardy i no  gnirud  eht  

early per .doi  Therefor ,e  dipar  harde nin g ce b ton dluohs tnem e esu d m ni a cnoc ss re  et
c urtsno c .noit   

sU e  : s
)a( erp nI - .noitcurtsnoc etercnoc detacirbaf

b( ) rehW e  si krowmrof r iuqe r lrae devomer eb ot de y  rof re- ehwesle esu r ,e
(c) daoR  riaper  skrow ,
(d) nI  dloc  rehtaew  noc eterc  erehw  eht  dipar  etar  fo  tnempoleved  fo  htgnerts
secuder  .egamad tsorf eht ot etercnoc fo ytilibarenluv eht  

etahpluS  gnitsiseR  tnemeC   
• anidrO ry dnaltroP  tnemec  si  elbitpecsus  ot  eht  kcatta  fo  ,setahplus  ni

ralucitrap  ot  noitca eht  fo  muisengam  hplus eta . setahpluS  tcaer  htob  htiw  eht  eerf  
muiclac  edixordyh  tes ni - ec ment ot  rof m calc ui m s lu phate dna  wi ht  hydrate of 

ac lcium alum ni a et  to f ro m calcium ohplus  etanimula , eht  emulov  fo  hcihw  is 
orppa x etami ly %722  of eht  emulov   fo  eht  lanigiro  .setanimula  Their pxe an is no  w ihti n 

ht e rf ame ow rk of hard dene  ceme tn  paste er s stlu  ni  rc acks na d subs neuqe t ursid p oit n. 

• diloS  etahplus  od  ton  kcatta  eht  tnemec  .dnuopmoc  setahpluS  ni  noitulos
etaemrep   otni  denedrah  etercnoc  dna  kcatta  muiclac  h ,edixordy  detardyh  clac mui  
etanimula  dna   neve  detardyh  setacilis . The ab vo e is nk own sa  sulph eta  attack. 

Su hpl ate a tt ack si  rg eatlyrated if occa mpanied yb  al et rnate we tt ing a dn  dr iy gn  ihw ch 
on r am lly tak se  p ecal  in mar eni  struc ut r se  in t eh  zo en  of tidal av r ai tions.  

• oT  emer dy eht  etahplus  ,kcatta  eht  esu  fo  emec nt htiw  wol  C3A tnetnoc  si
dnuof  ot   eb ef ef tc ive. Such ec ment iw ht  low C3A and comparatively low C4AF 

    

little costlier than low grade cement, th ye  o ferf  10- 0%2  avingss  ni  cement  
onsumptionc  nda  lsoa  heyt  ffero  anm  y thero  iddenh  benefits. neO  fo  the most  
important benefits st hef asteri  rate fo  development of strength.  

apidR  ardeningH  Cement 
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of iht s type of ec ment ah s consi ed rably increased the total tuptuo  fo  tnemec  
noitcudorp  ni  I  aidn  

• hT e qua tn ity of gran lu ated slag im xed tiw h portl na d lc ink re  wi ll  nar eg  rf om 25-
56  rep cent. aE r yl  htgnerts  si  ylniam  eud  ot  eht  tnemec  reknilc  noitcarf  dna  retal

htgnerts  si  taht  ud e ot  ht e gals  fr ca oit n. Se tarap e irg n gnid  si  us de  as an e sa y means fo
varying the slag clin ek r proportion ni  the finished cement troP l na d tsalb  ruf n eca

emec nt si  is milar ot  anidro ry dnaltroP  tnemec  htiw  tcepser  ,ssenenif ot  gnittes  emit ,
so nu dness na d s rt ne tg h.

• tI  si  lareneg ly cer o ing s de  t tah  the rate fo  ah r gnined  of troP l na d bl sa t nruf a ec
ls ag tnemec  ni  ratrom  ro  etercnoc  si  tahwemos  rewols  naht  taht  fo  yranidro  dnaltroP

tnemec  ud r gni  the fir ts  82  da ,sy  tub  th aere f et r increas se , so that at 12 mo tn hs ht e
strength be semoc  esolc  ot  ro  neve  sdeecxe  esoht  fo  .tnemec dnaltroP

• ehT  taeh  fo  h noitardy  fo  dnaltroP  tsalb  ecanruf  tnemec  si  rewol  naht  th ta  fo
anidro r  y  dnaltroP  tnemec . So iht s cem ne t ac n be us de  in mass co cn rete ts ructures

with ad nav ta eg . ,revewoH  ni  oc ld taew h re  eht  l wo  h tae  of hy rd ta i no  of roP tl na d lb ast
f nru ca e cem ne t c lpuo ed w ti etaredom h ly wol  etar  fo  erts n tg h ved e pol m tne , nac  dael  ot
f tsor  egamad .

• txE ens evi  res rae ch s oh ws th ta  t eh  presence of GGBS l ae sd  ot  t eh
e hn a cn ement fo  t eh  cisnirtni  seitreporp  fo  eht  etercnoc  htob  ni  hserf  dna  denedrah

.setats
dA v tna age :s  

)a(  fo taeh decudeR h noitardy
)b( erutcurts erop fo tnemenifeR
)c( desaercnI  ecnatsiser  ot  lacimehc  a .kcatt

• ehT  gals  hcihw  si  desu  ni  eht  erutcafunam  fo  suoirav  gals  tnemec  si  dellihc
yrev   yldipar  rehtie  by op u gnir  ti  otni  a egral  ob dy of retaw  ro  by nitcejbus g ht e ls ag 

ts r ae m ot  j te s  fo  ,retaw  ro  of ia r dna  w eta r. 

• T eh  up r op se is ot  c loo  the s al g quick yl  os  ht at c yr s lat l tasi i no  si  pre tnev ed and ti
fidilos i se  as ssalg . ehT  tcudorp  si  dellac  talunarg ed ls a .g  dnaltroP  gals  tnemec  

stibihxe  yrev  wol  uffid s tivi y ot  lhc o dir e oi ns na d cus h als g c eme nt g vi se  bet et r resistance 
to co rr os oi n of leets  nier for ec em nt.  

noitacilppA  fo  BGG S ercnoC te 

nI  tnecer  sraey  eht  esu  fo  SBGG  etercnoc  si  osla  dednemmocer  rof  esu  ni  retaw  
 gniniater utcurts r se . evisserggA  w reta  nac  tceffa  cnoc r ete  tadnuof i no s. nI  hcus  
snoitidnoc  SBGG  c cno r ete  ac n rep form be tt .re  
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kciuQ  gnitteS  meC ent 

• hT is ec ment as t eh  an me indicates sets very e ra ly. ehT  ylrae  gnittes  reporp ty si
thguorb  tuo  yb  icuder ng eht  muspyg  tnetnoc  ta  eht  emit  of lc i rekn  idnirg ng  .

• sihT  tnemec  si  deriuqer  to eb  exim d, p decal  na d comp ca ted v re y e lra y. tI  si  desu
yltsom  ni  nu d re  retaw  oc n oitcurts n hw e er  p mu ip ng is ni vo vl ed. Use fo  quick setting 

cement ni  hcus  snoitidnoc  secuder  eht  up mp ni g emit  and mak se  ti  noce o lacim . 
iuQ ck sett ni g tnemec  yam  osla  .snoitarepo gnituorg lacipyt emos ni esu sti dnif  

woL  taeH  tnemeC  
It si  ew ll known ht at hy rd a it on fo  cement is an exother cim  a tc ion which 

produ ec s large uq na tity of taeh  gnirud  h tardy i no . noitamroF  fo  skcarc  ni  egral  ydob  
fo  etercnoc  eud  ot  taeh  fo  h noitardy  sah  dessucof  eht  ta tention of the noc crete 

te onhc logists to pr do uce a ik dn  fo  tnemec  hcihw  ecudorp s ssel  taeh  ro  eht  emas  
a om unt of hea ,t  at a low rate during the hyd ar it on secorp s  .  

• eC ment nivah g iht s property was devel po ed ni  U.S.A. d ru ing 391 0 for u es
ni  mass concret hcus ,noitcurtsnoc e  yb esir erutarepmet erehw ,smad sa  fo taeh eht

noitardyh  nac  emoceb  ylevissecxe  egral .

• wol A - taeh  noitulove  si  deveihca  yb  gnicuder  eht  stnetnoc  fo  C3S dna  C3A hcihw
era  eht  sdnuopmoc  gnivlove  eht  mumixam  taeh  fo  noitardyh  dna  gnisaercni  C2 .S

• A noitcuder  fo  erutarepmet  lliw  drater  eht  lacimehc  noitca  fo  gninedrah  na d os
fu rehtr  tcirtser  eht  etar  fo  noitulove  fo  .taeh  ehT  etar  of e ov ul t noi  of h tae  wil ,l
the er f ro e, eb  el ss na d e lov tu i no  o  f h ae t will e tx end vo e  r a nol ger perio .d

,eroferehT  eht  erutaef  fo  wol - taeh  tnemec  si  a wols  etar  fo  niag  fo  st htgner . tuB  eht  
etamitlu  rts e htgn  fo  wol - taeh  ce em tn  si  eht  s ma e sa  that of ordi an ry Portland ec ment. 

sA  rep  eht  naidnI  adnatS r eht noitacificepS d  taeh  fo  noitardyh  wol fo - dnaltroP taeh
tnemec  llahs  eb  :swollof sa

7 days — ton  erom  naht  56  irolac se  rep  mg  .

ad 82 y  s — not erom  naht  57  c eirola s rep  mg  .  

• ehT  cificeps  ecafrus  fo  wol  taeh  tnemec  sa  dnuof  tuo  yb  ria - tilibaemrep y
dohtem  si   ton ssel  ht an 023 0 sq. cm/gm. ehT  7 syad  htgnerts  fo  wol  taeh  tnemec  si  ton  

ssel  naht  61  aPM  ni  tsartnoc  ot  22  aPM  ni  eht  case of ordinary Por lt and cem ne t. 
O ht er p or per it e ,s  hcus  as gnittes  emit  dna  ssendnuos  era  emas  sa  taht  fo  yranidro  

dnaltroP  .tnemec  
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2. ec rof stset eht liated ni nialpxE m .tne
thguorb eb nac tnemec fo gnitseT  rednu  owt  tac e :seirog

)a( dleiF  itset gn
)b( gnitset yrotarobaL

Fi le d eT st ni g 
tI  si  tneiciffus  ot  tcejbus  eht  tnemec  ot  dleif  stset  nehw  ti  si  desu  rof  mi ron  krow s. 

ehT  niwollof g are t dleif eht e :sts  

)a( nepO  eht  gab  dna  ta ek  a doog  ool k at eht  ce tnem . erehT  dluohs  ton  elbisiv yna eb
spmul . T eh  llamron dluohs tnemec eht fo ruoloc y g hsineerg eb rey.

)b( tsurhT  ruoy  nah d in ot  eht  ec m tne  bag. tI  tsum  evig  uoy  a looc  .gnileef  T ereh
s oh lu d ton  eb  pmul  edisni .

)c( T ka e a ip nch fo  ec m ne t na d f lee -b te w ee n eht  fingers. tI  dluohs  ig ve a htooms
dna  on t a yttirg  leef

)d( ekaT  a lufdnah  fo  tnemec  dna  worht  ti  no  a tekcub  lluf  fo  taw e ,r  eht  p selcitra  dluohs
float for emos  emit  erofeb  yeht  knis .

)e( Ta ek  a tuob  001  grams of ce em nt and a small uq antity of water na d am ke a st fi f past .e
Fr mo  ht e fits f paste, pat a cake iw th sharp e gd se . P tu  ti  no  a salg s plate a dn  s ol wly ta ek  
it under aw ter in a  ekcub t. eeS  taht  eht  epahs  fo  eht  ekac  si  ton  debrutsid  elihw  gnikat  
ti  nwod  ot  eht  mottob  fo   eht  ub cke .t  A tf er 42  hours t eh  ac ke sho lu d re iat n ti s or gi inal 
shape na d at the mas e mit e it should al os  tes  dna  niatta  emos  .htgnerts  

t yrotarobaL e : gnits

a stset gniwollof ehT r llausu e y rotarobal eht ni detcudnoc y. 

(a) F ni eness t tse . (b) gnitteS  emit  .tset

c( ) St er ngth t se t. (d) oS un end ss tset .

)e( taeH  fo  noitardyh  tset . f(  ) ehC mical composi noit  te .ts  
neniF se s T se t

T eh  f neni e ss  fo  ec em tn  has an impor at tn  b ae nir g on ht e ra et  of dyh ration and hence no  
eht  tar e  fo  iag n fo  erts n tg h na d la so no  eht  etar  of oitulove n fo  he .ta  reniF  tnemec  

sreffo  a retaerg  ecafrus   ar h rof ae y  fo tnempoleved eht retsaf ecneh dna noitard
ts r ne g ,ht  

Finene ss  of ce em nt is te ts ed in two ways : 
 yB  se ivi ng. 
 yB  reted m noitani  of ps e fic ic rus caf e ot( lat  su fr a ec  area fo  la l eht  pa tr ci sel  in 

no e g ar m fo  cem ne t) yb  ria -prem ae bi til y ppa ar ut s. desserpxE  sa  mc 2 mg/  or 
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m2 gk/ . reneG a yll  enialB  riA   ytilibaemrep  sutrappa  si  desu  
S vei e eT ts  

• W hgie  roc r ce tly 100 marg s of mec ent and take ti  no  a standa dr  IS Si eve
oN . 9 (9  0  cim r no s). kaerB  wod n eht  ia r- tes  l spmu  ni  eht  elpmas  tiw h sregnif .
oC n it nuous yl  sieve ht e elpmas  ivig ng ic r uc l ra  and ve tr ical m to ion for a period fo  15

minutes.

• Mechan ci la  sie iv ng ed v ci es yam  la os  be used. hgieW  eht  eudiser  tfel  no  eht
.eveis   sihT wei ahs thg l on l t ecxe ed of %01 r or ranid y ce .tnem  Si ve e te  ts si  ar rely desu .

1.Air eP rmeabi il yt  eM thod

sihT  dohtem  fo  tset  srevoc  eht  erudecorp  rof  gninimreted  eht  ssenenif  fo  
tnemec  sa   detneserper  yb  sp ce ific us rface xe pressed as total surface a er a in sq. 

cm/gm. fo  tnemec . tI  si  la so e rpx essed ni   m2 k/ g. eL a a dn  uN sr e Air P re m ae b li ity 
pA ap tr us is shown ni  Fig. 2.6. Th si  appa r ut s ac n be used  rof  measuring ht e sp ce i if c 
us rface of ce em nt  .  

• ehT  elpicnirp  si  desab  no  eht  noitaler  neewteb  eht  wolf  fo  ria  orht u hg  eht
tnemec   deb  dna  eht  ecafrus  aera  fo  eht  selcitrap  nisirpmoc g eht  tnemec  deb . morF

siht  eht  ecafrus  aera  ob eht fo thgiew tinu rep d ac lairetam y n eht ot detaler eb
ilibaemrep ty fo  a deb  fo  a nevig  po isor ty  .

• ehT  tnemec  deb  ni  eht  tilibaemrep y llec  si  1 cm. hgih  dna  5.2  .mc  etemaid ni r.
onK w eht gni  isned ty fo  tnemec  eht  weight required ot  ma ek  a cement bed of

porosity of 0.475 c na  be ac l uc lated.

• ylwolS  ssap  no  ria  hguorht  eht  tnemec  deb  ta  a tnatsnoc  .yticolev  sujdA t eht
tar e of wolf ria  litnu  eht  wolf m rete  swohs  a effid r cne e ni  level  fo  30- 05  mc . daeR  eht

ecnereffid  ni  h( level 1 monam eht fo ) dna rete  eht  ereffid n ec  ni  level  (h2) fo  ht e
emwolf t re .

• Re taep  the es  bo serv ta ions ot  ne us re ht at s aet dy con noitid s have eb en tbo ain de
as shown by a c no s nat t av lue of h1 h/ 2. cificepS  s cafru e. sseneniF  nac  osla  eb  derusaem

yb  nialB  riA  ytilibaemreP  arappa ut s ommoc erom si dohtem sihT . nly e lpm oyed in India.
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sah  atta ni ed suffici ne t rif m en ss ot  tsiser  niatrec  etinifed  .erusserp

• In tca u la  noc st ur itc no  de la ing with cement p sa t ,e  m ro tar or c cno rete c re tain
time i  s  deriuqer  rof  ,gnixim  ,gnitropsnart  ,gnicalp  gnitcapmoc  dna  .gnihsinif  gniruD  

siht  emit  ec m tne  ,etsap  mo ratr , ro  oc n erc te sh luo d eb  ni  pla ts ic condi it on. ehT  t mi e 
i tn erval for cihw h t eh  tnemec  orp d stcu  niamer  ni  citsalp  noitidnoc  si  nwonk  as eht  
ni itial tes t  gni mit e. roN m lla y muminim a  fo  03  setunim  si  nevig  rof  im x gni  dna  gnildnah  

.snoitarepo

• . ecnO  eht  etercnoc  si  decalp  ni  eht  lanif  ,noitisop  detcapmoc  dna  ,dehsinif  ti
dluohs  esol  sti  icitsalp ty ni  eht  ae r eil st p so sible it me so t tah  ti  is el a ts  vuln re ab el  to 

ad ma eg s fro  m  e etx rnal d se truc vit e agen eic s. sihT  emit  dluohs  ton  eb  erom  ht an 10 
h uo rs hcihw  si  rrefer netfo e nif sa ot d a nittes l g .emit  

P er p ara tio  nof specim ne  

• ekaT  005  mg . c fo e gaug dna elpmas tnem e  ti w t 58.0 hti i ht sem e water r uqe ired
to pr do u ec  ceme tn  ap s et  fo  sta dn a dr  co sisn t ne cy ( .0 85 )P . ag eb llahs etsap ehT uged 
a tni dellif dn o ht e taciV  dluom  ni  deificeps  rennam  nihtiw  3-5 .setunim  tratS  eht  pots  

hctaw  eht  tnemom  retaw  is added to t eh  ce em nt. ehT  erutarepmet  of aw ter at the 
it em  of gauging hs la l be wi ht i °72 n C ± °2 C  .  

Pr eco ud re  

LAITINI  GNITTES  EMIT .  

rewoL  eht  eldeen  )C(  gently and rb ing ti  in oc ntact with the su fr ace fo  t eh  test 
block and qu ci k yl  release. llA ow ti  ot  ep netra et  into eht  test olb ck a dn  ht e n ee ld e 
will com lp etely p ei r ec  through ht e test olb c .k  tuB  retfa  emos  emit  w eh n ht e 
paste st ra ts ol sing its  p al st ici ty, the n ee eld  may p ene tr ta e only ot  a d pe th fo  

33 - 53  mm  from eht  ot p. The pe ir od elap nis g betw ee n eht  time hw en water si
a dd ed ot  t eh  cem ne t and t eh  mit e at ihw ch t eh   eldeen  setartenep  eht  tset  kcolb  ot
a htped  lauqe  ot  33 - 53  mm  morf  eht  pot  si  nekat  sa  laitini  gnittes  mit e.

ANIF L S TE NIT G IT ME 

ecalpeR  eht  eldeen  )C(  fo  eht  V taci  sutrappa  yb  a ralucric  tnemhcatta  )F(  ehT  
tnemec  llahs   eb  deredisnoc  sa  yllanif  tes  ,nehw  ,nopu  gnirewol  eht  tnemhcatta  yltneg  

revo  eht  ecafrus  fo  eht  ,kcolb tset  eht  ertnec  eldeen  sekam  na  ,noisserpmi  elihw  eht  
ralucric  gnittuc  egde  fo  eht  nemhcatta  t  sliaf  ot  od  .os  nI  rehto  sdrow  eht  etsap  sah  
deniatta  eht  ssendrah  dna  eht  ertnec  eldeen  seod   ton  ecreip  hguorht  eht  etsap  erom  

naht  5.0  mm .  
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• hT e st dna a  dr as i dn s use  d for f idni n ht g e stre gn t  h of emec nt  . tI  llahs  mrofnoc  ot  SI
056 - 1991 . 555 ekaT  smg  fo  dradnats  dnas  eronnE(  ,)dnas  581  smg  fo  tnemec  ,.e.i(  oitar

fo  tnemec  dnas ot  si  )3:1  ni  a non  po suor  lemane  rt ay dna  im x meht  htiw  a ewort l
rof  eno  m ni tu e, ht en add water fo  qua tn ity + .3 0 rep  ec nt of co ibm en d hgiew t fo

ce nem t dna  s na d xim dna  ht e three ingredient  s thoroug lh y unt li  eht  rutxim e ofinu fo si rm
uoloc r.

• ehT  mit e of im xing should not be less than 3 minut se  on r more than 4
mi etun s. yletaidemmI  retfa  eht ,gnixim  om ratr  si  dluom ebuc a otni dellif  fo  ezis  60.7  

.mc ehT  aera  fo  eht   ecaf fo  eht  cu eb  will be equal to 05  s mc q .

 C pmo act t eh  om rtar either by hand compacti no  in a sta dn ard sp ce ified
am nner no  the vib itar ng eq iu pm tne  00021(  )MPR  f ro  2 m tuni es. Keep the 

compacted cube in eht  luom d at a temp are ture fo  °72 C ± °2 C and at l ae st 09  per 
ec nt relat vi e muh i id t rof y  42  sruoh . erehW  eht  ytilicaf  fo  dradnats  erutarepmet  dna  

ytidimuh  moor  si  ton  baliava l ,e  the ebuc  may eb  tpek  rednu  tew  ynnug  gab  ot  
etalumis  09  rep  nec t re tidimuh evital y.  

 retfA  42  sruoh  eht  sebuc  era  devomer  morf  eht  luom d dna  desremmi  ni  naelc  
etaw hserf r litnu  nekat  of tuo r nitset g. ehT  sdoirep  gnieb  denokcer  morf  eht  noitelpmoc  fo  

noitarbiv . The comp er ss i ev  str ne gth sh la l be eht   fo egareva  eht  htgnerts s fo  eht   eerht
sebuc  doirep hcae rof  levitcepser y  .  

Sound sen  s Test  
• It si  very important that the cement a tf er se tt ing shall on t dnu e gr o any

pa precia lb ahc e nge of ov lume. niatreC  stnemec  evah  b nee  dnuof  ot  grednu o a al rge 
ex oisnap n afte  r nittes g ac us ni g id sr pu tion of ht e set a dn  hardened mass  .  

• hT is lliw  c sua e s re io su  diffic tlu ies f ro  the ud rability of str cu tures hw en such c me ent
is used  . ehT  gnitset  fo  ssendnuos  fo  ,tnemec  ot  erusne  taht  eht  tnemec  seod  ton  

wohs   yna elbaicerppa  tneuqesbus  noisnapxe  si  fo  emirp  .ecnatropmi

• hT e un os undn sse  in mec ent si  eud  to t eh  rp esence of ssecxe  of l mi e th na
th ta  oc u dl  eb  denibmoc  htiw  cidica  edixo  ta  eht  nlik . ihT s si  also ud e ot  
in qeda tau e burni gn  ro  ycneiciffusni  ni  senenif s fo  gnidnirg  ro  hguoroht  gnixim  fo  

war  slairetam . It si  also ylekil  taht  oot  hgih  noitroporpa  fo  muisengam  tnetnoc  ro  
muiclac  etahplus  tnetnoc   yam  esuac  ssendnuosnu  ni  tnemec . roF  siht  nosaer  eht  

ma aiseng  noc t tne  dewolla  ni  tnemec  si  detimil  ot  6 rep  tnec . tI  nac  eb  lacer l de  that, 

    

Strength Test  
T eh  compressi ev  strength of hardened ceme tn  is  het  most important of all the 
properties. Streng h t  estst  rea  otn  adm  e  no  ean  t  ementc  astep  ecauseb  of 
ifficultiesd  fo  xcessivee  hrinkages  nda  s ubsequent cracking of neat cement. 
Stren thg  of ementc  si  indirectly f undo  no  emenc  t  sand ortam  r ni  specific  
proportions.  
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to prev ne t fla hs  se ,t  calcium us l hp ate si  dda ed ot  eht  cli kn er hw ile grin id n .g  

• ehT  titnauq y fo  uspyg m dedda  lliw  v ra y orf m 3 to 5 p re  ec nt depending
nopu  C3A oc netn t  fI   htiw denibmoc eb dluoc taht naht erom si muspyg fo noitidda eht

C3 fo ssecxe ,A  muspyg  lliw  iamer n ni  eht  tnemec  ni  eerf  etats . T ih s ecxe ss of 
gyps mu  l dae s to an xe snap oi n and co sn qe uent disruption of the s te  c me ent paste.  

• nU sou endn ss in mec ent is due to ecxe ss fo  l mi e, ssecxe  fo  aisengam  ro
evissecxe  noitroporp  fo  setahplus . ssendnuosnU  ni  tnemec  seod  ton  emoc  ot  

ecafrus  rof  a elbaradisnoc  doirep  fo  emit . Therefore, acceler ta ed t se t  s era  uqer i der   ot
d te e  tc i .t  

• erehT  era  rebmun  fo  hcus  stset  ni  nommoc  esu . It isnoc s st  fo  a small s lp it
cyli edn r fo  ps r gni  brass ro  hto re  ius t elba  em t la . tI  si  30 mm  in etemaid r na d 03  mm 

.hgih  nO  e hti er a tilps eht fo edis r ta e t ehca d wt o dni i tac o nol mm 561 smra r g  htiw
tniop e sdne d .  

 tnemeC  si  87.0 htiw deguag  semit  eht  retaw  deriuqer  rof  dradnats  
 ycnetsisnoc  dradnats a ni ,)P 87.0(  rennam  dna  dellif  otni  eht  dluom  ek tp  no  a ssalg  

.etalp  The dluom  si  derevoc  no  eht   pot  w ti h a hton re  g al ss p al te. T eh  elohw  sa sem ylb  is 
mi m re sed in wa et r at a t me ep r uta re fo  C°72  – C°23  dna  tpek  ereht  of r 42  .sruoh   

• Meas eru  ht e distance be wt ee n ht e dni icator iop n st . egrembuS  eht  dluom  ga nia
ni  retaw  . taeH  eht  taw er dna  irb ng ot  gniliob  tniop  ni  tuoba  52 - 03  setunim  dna  ek pe  ti  

gniliob  of r 3 uoh rs. evomeR  eht  dluom  morf  eht  ,retaw  wolla  ti  ot  looc  dna  erusaem  
eht  ecnatsid  eewteb n ht e indicator p io stn . 

• The differ cne e be wt nee  ht ese two measurements represents the ex snap ion
of ec ment. T ih s mu ts  ton  e cx ee d 01  mm  for anidro ry, ra dip  gninedrah  dna  wol  

taeh  P naltro d tnemec s. If ni  ac se ht e expans noi  is more than 01  mm  as te ts ed 
ba ove, the ce em nt si  dias  ot  eb  dnuosnu . ehT  eL  reiletahC  tset  tceted s ssendnuosnu
eud  ot  eerf  lime no l .y  

• ihT s me ht od fo  testi gn  does on t i idn cate the ecneserp  dna  retfa  tceffe  of eht
ssecxe  fo  magnesia. nI d ai n S at ndard Specification ts ipulates that a cement hav ni g 

a aisengam  tnetnoc  fo  erom  naht  3 rep  tnec  llahs  eb  etset d rof  ssendnuos  yb  
evalcotuA  tset  hcihw   si  evitisnes  ot  rf htob ee  ma ng esia and free lim .e  

• In t ih s t se t a neat cement iceps men 52  × 25 mm  si  lp ca ed ni  a st na dard
ua toclave a  dn eht  maets  serp s eru  edisni  eht  evalcotua  si  desiar  ni  hcus  a rate as ot  br gni  

t eh  uag ge pr se sure fo  eht  maets  ot  12  gk / qs  mc  ni  1 – 11/4 ruoh  rf om eht  emit  eht  
aeh t si  t denru  .no  This pre ss ru e is iam tn ia n de  for 3 ho ru s. 

• The ua t co l va e is c oo led na d t eh  leng ht  m ae sured again. ehT  high st ae m
pre ss u er  accelerates the hydra it no  fo  tob h isengam a dna  l .emi  oN  satisf ca ot ry test 
is availa lb e for ded cu it on of nu s dnuo sen s d eu  ot  an excess of cal ic um s plu ha et . tuB  sti  
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c tno e tn  can b e e a ylis  eted rm ni de  by chemical analys .si  

.3  liated ni nialpxE abo etagergga fo seitreporp lacinahcem tu  .
hcem ehT  gniwollof gnisu yb denimreted eb nac etagergga fo seitreporp lacina

set t 
• eulav gnihsurc etagergga fo noitanimreted rof tseT
• tseT  rof  noitanimreted  fo  net‗  ‘eulav senif tnec rep
• ergga fo noitanimreted rof tseT g ta e pmi ca ulav t e
• ergga fo noitanimreted rof tseT g  eta a rb a v nois a eul

.1 etagerggA fo noitanimreteD roF tseT  ihsurC ng : eulaV

• htgnertS  fo  kcor  si  dnuof  tuo  yb  gnikam  a tset  nemiceps  fo  dnilyc lacir  epahs  fo
ezis  mm 52  retemaid  dna  52  mm  .thgieh  Th si  lyc ind re  si  su jb e tc ed to comp er s is ev  

st er ss. tnereffiD  kcor  selpmas  era  dnuof  ot  evig  tnereffid  evisserpmoc  htgnerts  av r gniy  
morf  a t aPM 54 tuoba fo muminim o  a max umi  m fo  545  MP .a  

• sA  dias  reilrae , eht  evisserpmoc  htgnerts  fo  tnerap  kcor  seod  ton  yltcaxe
etacidni  eht  htgnerts  fo  etagergga  ni  ercnoc te. oF r siht  er a os n sessa s nem t of st er ngth of 

the aggreg ta e si  a gnisu yb edam  fo elpmas  klub  a ni etagergga  dezidradnats  .rennam  
T sih  et st is wonk n a  s a agergg te crush gni  val eu  te ts . Aggregate crus nih g va ul e gives a 
er l ta i ev  erusaem  fo  ecnatsiser eht  fo  na  etagergga  elpmas  ot  gnihsurc  rednu  

laudarg ly eilppa d compressi ev  .daol  Ge en r la ly, t ih s et ts  si  m da e on s lgni e sized 
ag rg eg ta e pas nis g 5.21  mm dna  niater de  no  01  mm  .eveis  

• ehT  etagergga  si  decalp  ni  a lacirdnilyc  dluom  dna  a daol  fo  04  not  si  deilppa
hguorht  a nulp ger. ehT  lairetam  dehsurc  ot  renif  naht  63.2  mm  si  detarapes  dna  

desserpxe  sa  a egatnecrep  fo  eht  lanigiro  thgiew  nekat  ni  eht  .dluom  sihT  
rep egatnec  is re ref red as a gg regate c sur ih ng av lue. The gnihsurc  eulav  fo  

etagergga  si  detcirtser  ot  03  rep  rof tnec  c no crete used f ro  or ads and pavements 
and 45 p re  ec nt may be per ttim ed for other .serutcurts

• ehT  cr ihsu ng value of a gg regate is ar ther in nes is t vi e to the va ir ation in
streng ht  fo  rekaew  etagergga . hT si  is so be ac use ah v ni g been crushed eb fore the 
ap lp icat oi n of the lluf  aol d fo  04  t no s, eht  rekaew  tam e lair s emoceb  co ,detcapm  os  taht  

eht  nuoma t fo  nirud gnihsurc g gats retal e o s f  eht t se t i  s redu ec d. F ro  siht  reason a 
mis p el  test nwonk  sa  1― 0 pe nec r t senif  lav ue� si  ecudortni d. nehW  eht  etagergga

gnihsurc  eulav  emoceb  03  ro  ,rehgih   eht resu tl  is likely to be inaccurate, in which ca es  
ht e aggreg ta e sh uo ld be s bu jected to ―10  rep ce tn  if nes eulav � tset  hcihw  sevig  a retteb  

erutcip  tuoba  .setagergga hcus fo htgnerts eht  

• This et st is al os  od ne no  a single sized agergga te as enoitnem d
voba e. Load deriuqer  ot  produce 10 per ec nt fines (par it cles finer than 2.36 

mm) is fo nu d out by esbo rving ht e enep t tar ion fo  egnulp r. ehT  01  rep  tnec
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• ehT  itnauq ty fo  renif  lairetam  gnissap(  hguorht  .2 36 )mm  itluser ng orf m
gnidnuop   lliw  etacidni  eht  ot u senhg s of eht  elpmas  fo  ga g ager te. ehT  oitar  fo  eht  

thgiew  fo  eht  senif  renif(  naht  63.2  mm  )ezis  ,demrof  ot  eht  thgiew  fo  eht  latot  elpmas  
nekat  is desserpxe  sa  a percenta eg . hT is si  wonk n sa  ga rg ge a et  imp ca t v la ue IS 

283- 91 70 seificeps  ht at etagergga  tcapmi  ulav e llahs  ton  ex deec  54  rep  tnec  by
hgiew t rof  etagergga  desu  for etercnoc  rehto  naht  gniraew  ecafrus  dna  03  rep  tnec

yb  ew i ,thg  rof  etercnoc  rof  aew ring surf eca s, s cu h as run ways, r dao s a dn  pav me e tn s.

4. Test f ro  d ete r im n oita n of gA grega et  bA ar ois n Val eu

apA rt morf  gnitset  ga greg ta e w ti h respect to its crus nih g v la ,eu  impact resistan ec , 
test ni g the etagergga  htiw  tcepser  ot  sti  ecnatsiser  ot  raew  si  na  tnatropmi  tset  rof  

ga g etager  ot  eb  used rof  daor  ,snoitcurtsnoc  eraw  esuoh  sroolf  dna  tnemevap
itcurtsnoc no . Th er e set ts are ni  common use ot  test aggr tage e for its abrasion 

resis ecnat .  

(i) Deval attr iti on test ( ii ) Dorry ba r isa on set t ( )iii  soL  legnA s t tse .

De av l ttA rition Te ts  

In eht  Deval a tt r oiti n te ts , ap r it cles of k on wn weight a er  subj ce ted to 
wear in an ir no  cylinder or t deta  01 000  semit  ta  niatrec  sp ee d. ehT  noitroporp  fo  

lairetam  hsurc ed renif  ht an 7.1  mm  ezis  si  desserpxe  sa  a egatnecrep  fo  eht  lanigiro  
lairetam  nekat . This p re cen at eg  i  s taken sa  the a tt r oiti n value of the ga g ger ate. 

sihT  set t has b ee n co rev ed yb  IS 2386 (P ra t IV) – 3691 . uB t ti  si  tniop ed uo t taht  ehw re rev  
poss lbi e L so  selegnA  t tse  sh uo ld eb  u des .  
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 lana eveiS y tset sis  

 nimreted rof tseT a nikalf fo noit e dni ss ex 

  fo noitanimreted rof tseT e dni noitagnol ex 

 alc fo noitanimreted rof tseT y tsud enif dna tlis enif ,  

 gro fo noitanimreted rof tseT a seitirupmi cin
eiS)1 ve T sisylanA e : ts
• ehT  eveis  anal isy s si  con detcud  ot  d enimrete  eht  elcitrap  is ze sid t tubir i no  ni  a
pmas le fo  agergga t ,e  hcihw  ew  llac  .noitadarg  A tneinevnoc  metsys  fo  ex gnisserp  the 

gr noitada  fo  agergga te si  eno  hcihw  t eh  snoc e evituc  eveis  sgninepo  era  tnatsnoc ly 
od u ,delb  hcus  sa  01  mm, 02  mm, 40 mm  .cte  rednU  hcus  a s etsy m, lpme o iy ng a 

lo cimhtirag  ,elacs  senil  uqe ta decaps eb nac a r ot slavretni l e visseccus eht tneserp e 
zis e .s  

 ehT  a agergg t se  esu d rof  gnikam  tercnoc e are lamron ly of eht  am x mumi  is ze 08  
,mm  04  ,mm  02  ,mm  01  ,mm  57.4  mm, 63.2  mm, 600 ,norcim  003  mi norc  dna  150 

mi .norc  ehT  agergga te noitcarf  morf  08  mm  ot  57.4  mm  a er  demret  as co esra  
a gg er etag  na d esoht  noitcarf  morf  57.4  mm  ot  051  norcim  era  demret  sa  enif  

.etagergga  ehT  ezis  57.4  mm  si  a nommoc  noitcarf  gniraeppa  htob  ni  co esra  
gga r tage e dna  enif  a rgg e etag  .A.C(  dna  F .A. )  .  

• nidarG g A.C fo elpmas a fo nrettap  . A.F ro  . elpmas a gniveis yb dessessa si
evisseccus l  y  hguorht  lla  ht e eveis s detnuom  eno  revo  eht  to her ni  ro der fo  is z ,e  htiw  

al r eg r veis e no  eht  .pot  ehT  lairetam  deniater  no  hcae  eveis  fa t re  ,gnikahs  
r erpe s stne  eht  noitcarf  fo  ergga g sraoc eta e veis eht naht r e ht renif dna noitseuq ni a  n

veis eht e a vob e. 

• gniveiS  nac  eb  enod  rehtie  launam ly ro  cem h lacina l .y  nI  eht  launam  noitarepo
eht  eveis  si  nekahs  ivig ng evom m stne  ni  lla  elbissop  id rec noit  ot  evig  ch cna e ot  all 

selcitrap  rof  gnissap  hguorht  eht  eis v .e  noitarepO  dluohs  eb  deunitnoc  llit  hcus  ti em  
taht  la m tso  on  elcitrap  si  p ssa i gn  orht u .hg  lacinahceM  secived  era  lautca ly sed i deng  

to evig  noitom  ni   tneiciffe dna citametsys erom si ti ,hcus sa dna ,noitcerid elbissop lla
.gniveis dnah naht  

    

Dorry Abrasion Test 

This test is not covered by Indian Standard Specification. The test 
involves in subjecting a cylindrical specimen of 25 cm height and 25 cm 
dia etem  r ot  the abrasion   gainsa  t  otatingr  metal disk prinkleds  with quartz and.s  The 
ossl  ni  eighw  t  fo  het  cylinder after 0001  revoluti nso  of the table is determined 

4. xplainE  in detail ab out h t est carriedi n aggregate.
The varioust est carried outi n aggre ateg  are
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.5 De i eht tuoba liated ni ebircs m cnatrop e  ytilauq eht fo o rof desu retaw f
rcnoc e .gnit

opmi na si retaW levitca ti sa etercnoc fo tneidergni tnatr y picitrap a eht ni set
lacimehc  er ca c htiw noit e .tnem  

itilauQ e : retaW fo s
A ralupop  dray - kcits  ot  eht  ilibatius ty fo  retaw  rof  im x gni  ercnoc te si  ,taht  fi  

retaw  si  tif  rof  iknird ng ti  is tif  rof  gnikam  noc c eter . hT si  seod  ton  pa p ae r ot  eb  a 
eurt  etats m tne  rof  lla  c .snoitidno  emoS  sretaw  gniniatnoc  a llams  tnuoma  fo  gus ar 

dluow  eb  su elbati  rof  iknird ng tub  ton  rof  gnixim  etercnoc  dna  esrevnoc ly retaw  
elbatius  rof  gnikam  noc c er te yam  ton  secen s ira ly of tif eb r niknird g. 

emoS  noitacificeps s qer u eri  taht  fi  eht  retaw  si  ton  deniatbo  morf  ecruos  taht  
sah  devorp  otcafsitas r ,y  eht  erts ngth fo  etercnoc  ro  rom t ra  edam  htiw  

elbanoitseuq  retaw  dluohs   eb  derapmoc  htiw  ralimis  etercnoc  ro  trom ar edam  htiw  
erup  .retaw  emoS  ficeps ci a noit  osla  a tpecc  retaw  rof  ikam ng etercnoc  fi  eht  Hp  v eula  

fo  retaw  seil  neewteb  6 dna  8 dna  eht  w reta  si  rf ee fr ro mo ag .rettam cin

daetsnI  fo  ed p gnidne  up no  Hp  ulav e na d rehto  lacimehc  opmoc sit ,noi  ht e tseb  
ruoc se dnif ot  tuo  rehtehw  a p itra c ralu  cruos e fo  taw er si  s elbatiu  rof  cnoc r ete  am k gni  

or ,ton  si  to  ekam  etercnoc  htiw  siht  retaw  dna  erapmoc  sti  7 yad s‘ dna  82  ‘syad  
erts n htg  htiw  oinapmoc n w dellitsid htiw edam sebuc a .ret  

fI  eht  moc p evisser  erts n htg  si  otpu  09  ,tnec rep  ht  e cruos e of taw e m r ay be 
ca c detpe sihT .  m airetirc a eb y  efas ly ad detpo  ni  secalp  ekil  co latsa  aera  of yhsram  

aera  o  r ni  rehto  secalp  wh ere  eht  elbaliava  retaw  si  hsikcarb  ni  erutan  dna  fo  uftbuod l 
ilauq t .y  ,revewoH  ti  si  lacigol  ot  tahw wonk  mrah  eht  seitirupmi  ni  retaw  od  ot  ht e 

etercnoc  dna  tahw  eerged  fo  irupmi ty si  elbissimrep   etercnoc gnixim si a niruc dn g 
rcnoc e et .  

setanobraC  dna  bi- setanobrac  fo  os d mui  dna  muissatop  tceffe  eht  gnittes  
emit  fo  ce .tnem  elihW  muidos  etanobrac  may esuac  kciuq  ittes n ,g  eht  ib -

anobrac t se  may tie reh  arelecca te ro  drater  eht  .gnittes  ehT  rehto  hi rehg  
tnecnoc r snoita  fo  eseht  stlas  lliw  lairetam ly ecuder  eht  etercnoc  ts ren .htg  fI  emos  fo  

eht se las ts ex sdeec  00,1 0 ,mpp  et s st  rof  tes ting ti em  dna  ad 82 y nerts s g eb dluohs ht
c .tuo deirra  tnecnoc rewol nI eht snoitar y am y .detpecca eb

hsikcarB  retaw  sniatnoc  sedirolhc  dna  .setahplus  nehW  edirolhc  seod  ton  
ex deec  000,01  mpp  dna  plus h ta e seod  ton  ex deec  00,3 0 p mp  eht  aw t re  si  h selmra s, 

tub  taw er htiw  neve  ih g lirotcafsitas desu neeb sah tnetnoc tlas reh y. tlaS s fo  
agnaM en ,es  ,niT  ,cniZ  reppoC  and daeL  uac se a ram k de  r noitcude  ni  tgnerts h  fo  

rcnoc ete. muidoS  ,etadoi  muidos  ,etahpsohp  dna  muidos  etarob  uder ce eht  laitini  
tgnerts h fo  etercnoc  ot  na  artxe - dro i yliran  hi hg  .eerged  onA t reh  tlas  taht  si  latnemirted
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bissimreP le timil  rof  s sdilo  as rep  SI  456 of 2000 

am retaw gnixim ni eaglA y er dekram a esuac  etercnoc fo htgnerts ni noitcud yb rehtie  
c r ot tnemec htiw gninibmo e b ro dnob eht ecud y ral gnisuac g  ria fo tnuoma e
e rtn a mni e tn  noc ni cre  evah etagergga eht fo ecafrus eht no tneserp era hcihw eaglA .et
t nixim fo taht ni sa tceffe emas eh g .retaw  

 fo stnenopmoc rojam suoirav fo elor eht ssucsiD.6 detardyh sti dna tnemec
tnemec fo seitreporp eht ni stcudorp

 tnemec eht neewteb snoitcaer lacimehc morf htgnerts sti steg tnemec dnaltroP
sa nwonk si ssecorp ehT .retaw dna  noitardyh  tseb si taht ssecorp xelpmoc a si sihT .

.tnemec fo noitisopmoc lacimehc eht gnidnatsrednu tsrif yb dootsrednu  
tnemec fo erutcafunaM   

 gniwollof eht gninoitroporp dna gnillim ,gnihsurc yb derutcafunam si tnemec dnaltroP
am :slairet  

o ro elahs ,sllehs ,klahc ,enotsemil morf :OaC ,edixo muiclac ro emiL
kcor suoeraclac

o OiS ,aciliS 2 kcor suoecalligra ro yalc ,selttob dlo ,dnas morf :
o lA ,animulA 2O3 yalc ,munimula delcycer ,etixuab morf :
o eF ,norI 2O3  parcs ,ero nori ,yalc morf morf : hsa ylf dna nori
o OSaC ,muspyG 4 H2. 2 enotsemil htiw rehtegot dnuof :0

 eht htiw erutxim a ecudorp ot denoitroporp era ,muspyg eht tuohtiw ,slairetam ehT
 sessecorp owt fo eno yb dednelb dna dnuorg neht dna noitisopmoc lacimehc derised - 

ecorp tew ro ssecorp yrd  ot F º006,2 ta nlik a hguorht def neht era slairetam ehT .ss
hsiyarg ecudorp -  gnixulf sa tca nori dna animula ehT .reknilc sa nwonk stellep kcalb

 eht ,egats siht retfA .F º0062 ot 000,3 morf acilis fo tniop gnitlem eht rewol hcihw stnega
 ,delooc si reknilc  neht si tI .emit gnittes etaluger ot dedda muspyg dna dezirevlup

.tnemec ecudorp ot enif ylemertxe dnuorg  
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dnuopmoC alumroF  
)emil( edixo muiclaC  0aC  
)acilis( edixoid nociliS  OiS 2 

)animula( edixo munimulA  lA 2O3 
edixo norI eF 2O3 

retaW  H2O 
etafluS  OS 3 

 reknilc fo noitisopmoc lacimehC   
pyt gniwollof eht sah demrof reknilc tnemec ehT :noitisopmoc laci   

dnuopmoC alumroF  
etanimula muiclacirT  aC 3 lA 2O6

etirrefonimula muiclacarteT  aC 4 lA 2 eF 2O 01  
etacilis muiclacid ro etileB  aC 2 OiS 5 

etacilis muiclacirt ro etilA  aC 3 OiS 4 
edixo muidoS aN 2O 

edixo muissatoP  K2O 
muspyG  OSaC 4 H2. 2O 

eitreporP sdnuopmoc tnemec fo s   
syaw tnereffid ni tnemec fo seitreporp eht ot etubirtnoc sdnuopmoc esehT   

 C ,etanimula muiclacirT  � 3 :A - 
       sah tub ,noitardyh fo segats ylrae eht gnirud taeh fo tol a setarebil tI

C fo etar noitardyh eht nwod swols muspyG .noitubirtnoc htgnerts elttil 3  wol tnemeC .A
C ni 3 .tnatsiser etaflus si A   

irT  � C ,etacilis muiclac 3 :S - 
       elbisnopser ylegral si tI .yldipar snedrah dna setardyh dnuopmoc sihT

.niag htgnerts ylrae dna tes laitini s’tnemec dnaltrop rof   
 C ,etacilis muiclaciD  � 2 :S  

      C2 dna setardyh S   htgnerts rof elbisnopser ylegral si tI .ylwols snedrah
.keew eno retfa niag   

C ,etirreF  � 4 :FA  
 eht fo erutarepmet gnitlem eht secuder hcihw tnega gnixulf a si sihT

000,3 morf( nlik eht ni slairetam war o 006,2 ot F o rdyh tI .)F  ton seod tub ,yldipar seta
.etsap tnemec eht fo htgnerts ot hcum etubirtnoc  

 sepyt tnereffid ecudorp nac srerutcafunam ,yletairporppa sdnuopmoc eseht gnixim yB
.stnemnorivne noitcurtsnoc lareves tius ot tnemec fo  

    

Chemical shorthand  
Because oft he complex chemical nature of cement, a shorthandf ormi s usedt o denote 
the chemical compounds. The shorthan f ort he basic compound i s:  
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funam eht rof slairetam war eht era tahW.7 eht noitneM ?tnemec fo erutca
.tnemec fo seitreporp eht ni snoitcnuf

 emiL  
 aciliS  

animulA  
edixo norI

 edixo muisengaM  
 edixoirt ruhpluS  

seilaklA  
 etahplus muiclaC  
emiL  
  dnapxe ot tnemec eht sesuac dna dnuosnu tnemec eht sekam ssecxe ni emiL

.etargetnisid dna  
 fI  .ylkciuq stes tnemec dna desaerced si tnemec fo htgnerts eht ,ycneicifed ni si ti  
  dna dnuos tnemec eht ecudorp ot noitroporp thgir ni eb dluohs ti eroferehT

.gnorts
aciliS  
 .tnemec ot htgnerts stropmi aciliS  
 nemec eht ot htgnerts retaerg sedivorp ssecxe nI  sgnolorp emit emas eht ta tub t

.emit gnittes tnemec  
animulA  

 .erutarepmet gnireknilc eht srewol ,tnemec eht ot ytilauq gnittes kciuq stropmi tI  
 .tnemec fo htgnerts eht secuder ssecxe nI  

edixo norI
  .tnemec ot htgnerts dna ssendrah ,roloc sedivorP

muisengaM  edixo  
 .tnemec ot roloc dna ssendrah strapmI  
 .dnuosnu tnemec eht sekam ssecxe nI  

edixoirt ruhpluS  
 .dnuos tnemec eht sekam tI  
 .dnuosnu tnemec eht sesuac ti ssecxe nI  

seilaklA  
 .ecnecserolffe esuac lliw ssecxe nI  

etahplus muiclaC  
 t gnittes laitini eht lortnoC tnemec fo emi  
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NU I TI I  

NIM DNA LACIMEHC E A LAR D IM XT ERU S 

.1 De R enif e at r ed r .s
A teR a redr  si  an imda x erut  taht  swols  nwod  eht  lacimehc  p ssecor  fo  

h dy r ta i no  os  ht a  t  etercnoc  er m snia  citsalp  dna  bakrow le rof  a lo regn  emit  naht  
oc n terc e tuohtiw  eht  rater d .re sredrateR  era  desu  ot  ov emocre  eht  gnitarelecca  tceffe  
fo  hgih  t tarepme u er  no  gnittes  seitreporp  fo  etercnoc  ni  toh  rehtaew  cnoc r gnite . 

sredrateR  sesaercni  eht  tes it gn  ti em  fo  noc rc ete xim  dna   ecuder   tnemec retaw eht
oitar  . a si noitcuder retaw %01 ot pU c eih v de  .  

.2 De A enif c elrec r ota rs.

srotareleccA  er d ecu  ht e gnittes  ti em  and udorp ce rae ly re om v la  of f mro s dna  
deeps  pu  inedrah ng. ehT  co mm on relecca a srot  era  ac ,2lc  ,lc2lA  ,lcaN  Na2S .4O  

gnitareleccA  ad utxim r se  era  dedda  ot  cnoc r ete  ot  esaercni  eht  ar te of rae ly 
s gnert th oleved p em nt ni  oc n erc te to  

 eP r tim  lrae i re  re om v la  of f owmro r ;k  

ecuder  eht  re deriuq  ep doir  of gniruc  ;

ecnavda  eht  it em  aht t a erutcurts  can eb  alp ced ni  ;ecivres  

laitrap ly co snepm a et  f ro  eht  gnidrater  e ff tce  of wol  te repm a ut re gnirud  
c dlo  rehtaew  noc c ;gniter  

3. enifeD  repuS  tsalp i srezic  & Li ts  tuo  its a gatnavd e .s

tilibakrow emertxe ecudorp srezicitsalp repuS y  retaw fo noitcuder eveihca dna
tnetnoc   e.i oitar tnemec retaw fo ssol tuohtiw worka tilib y. 

 srezicitsalp repuS ca udorp n ec : 

 mas eht ta r c/w e a krow erom hcum oit a  elb c no c ht eter a lp eht n a ,seno ni  

 fo esu eht stimrep ti ,ytilibakrow emas eht rof  ,oitar c/w rewol  

  a sa c rts desaercni fo ecneuqesno eng r c/w rewol htiw ht a  ti ,oit a ep osl r a stim  
tnoc tnemec fo noitcuder e tn . 

.4  si tahW m taw yb nae da gnifoorpre m rutxi e ? s

oorpretaW f ni g mda i serutx  may eb  ob deniat  ni  ,redwop  paste ro  diuqil  f mro  
dna  may co sisn t of rop e f gnilli  or taw er er p nelle t airetam l .s  T eh  c eih f am t laire s in 

eht  erop  f gnilli  ssalc  era  si cil a et  of ados , la umi in um na d niz c plus h eta s dna  
la u nim ium a dn  iclac um hc l ediro . These era  hc e cim ally vitca e erop  f .srelli  
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ehT  rojam  a gatnavd es r desingoce  are 
decudeR  eh at of hyd ar t noi  

 eR f nemeni t of erop  ts r serutcu  
decudeR  ep r ilibaem t ei s ot  eht  etxe r lan  nega cies 
desaercnI  re ecnatsis  to hc e lacim  ta t .kca  

7. enifeD  che acim l ad im x erut s.
hC e slacim  xim ed htiw  ercnoc te rgni e stneid  dna  sp daer  rht o tuohgu  eht  

body fo  etercnoc  ot  f barova ly mo id fy eht  lom d gni  and gnittes  seitreporp  of 
etercnoc  xim  nk o nw  sa  hc e lacim  ad txim u er s.  

8. enifeD  lareniM  ad im x erut s.

It is a is l eci o su  etam r slai  desu  ot  ehtgnerts n the ibarud lity orp p eitre s 
taht  si  issalc f dei  sa  nalozzop ic ro  emec n suoitit  mate .slair  tI  stca  sa  by- rp o tcud  

.tnega  :.g.E  fl  y  hsa   

9. enifeD  icitsalp z sre  dna  nem t noi  sti  ty .sep

Pl ezicitsa rs ra e ed f deni  sa  hc e lacim  admi serutx  ad ded  ot  tew  etercnoc  im x 
ot  trapmi  eda q etau  ow rka ilib ty orp p .seitre  

 eniF ly id v dedi  mi aren ls 
 a gniniartne riA g stne  
 Sy ired citehtn v  sevita

10. itneM on eht  ef w mi laren  ad im x .serut
 ylF  hsa  
 aciliS  f emu  
 eciR  ksuh  ash 

eniloakateM
SFBGG  

    

5. Writet he classification of fly ash.
Fly si  classified ntoi  t ow  classes.  

lassC  F: 

Fly sha  normally p oducedr  by burn ngi  nthracitea  ro  bituminous oal,c  usually 
ash  esl  s hant  5% CaO. Class F fly ash ash  p zo zola icn  properties only. 

lassC  C: 

Fly sha  n ro mally p oducedr  by burn ngi  ignitel  ro  sub-bitumino su  coal. Some 
class C fly sha  may  have CaO ontentc  in excess of 10%. nI  ad  itiond  to pozzolanic 
prop rties,e  l assc  C fly sha  also posse sess  cementitious properties . 

6. ritW  e the advantag se  o  f GGBS ni  concrete.
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11. tahW  era  t eh  rav i suo  imda x serut  desu  rehto  ht an hc e im c la  a dn  enim r la
imda x .serut
 saG  f imro ng dna  ex ap n evis  hc e cim a sl  

 iP g tnem s 

 itnA f lagnu  ad xim t seru  

gniruC  co nuopm ds 

tnalaeS s 

gniroolF  

gnitinuG  a .sdi  

12. Na em  t eh  ad im x serut  liava a elb  ni  I idn a?

a. rezicitsalP s

 pnoC tsal  12P 1- retaW  gnicuder  lp a srezicits  

tsalpnoC  05P 9- retaW  gnicuder  lp a rezicits s/H hgi  rep f ecnamro  lp a its c srezi  

b. repuS  alP s srezicit

 C lpno a ts  33PS 7- Hi hg  akrow b ili ty dia  

 pnoC l sa t 34PS 0- hgiH  r egna  retaw  ecuder r 

? noitca cinalozzoP yb tnaem si tahW.31

ehT  noitcaer cinalozzop  eht si  noitcaer lacimehc  ni srucco taht  dnaltrop
tnemec  da eht nopu fo noitid  snalozzop acilis a strevnoc noitcaer cinalozzop ehT . -  hcir

 gnitnemec doog htiw ,etacilis muiclac a ot ,seitreporp gnitnemec on htiw rosrucerp
.seitreporp

riA tsiL.41 -  gniniartne .seitreporp rieht dna serutximda
riA - serutximda gniniartne

,ningil detanoflus fo stlas ,stnegreted citehtnys emos ,)niser losniV( sniser doow fo stlaS
dna sdica suoniser dna yttaf ,lairetam suoecanietorp fo stlas ,sdica muelortep fo stlas

ykla ,stlas rieht nobracordyh detanoflus fo stlas ,setanoflus eneznebl
riA fo seitreporP - serutximda gniniartne

ezeerf ni ytilibarud evorpmI - ilakla dna ,etaflus ,recied ,waht - stnemnorivne evitcaer
ytilibakrow evorpmI
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. ARP  - T B 

1 Ex  lainp  ni  d taie  l ab uo  t ht  e retarders.
A reta derr  si  a  n  admi turex  t ah  t s ol  sw  owd  n  het  che icam  l rocessp  of 

hydrati no  s  o  hat  t  oncretec  remains lasticp  nda  orkablew  f ro  a  longer imet  than 
concr tee  without het  retarder. Reta dersr  are sedu  ot  overco em  the accelerating 
eff cte  of  igh  h  temper turea  on s e tingt  pro ertiesp  of co creten  ni  hot weather 
concreting.  

heT  retard rse  ra  e  seu  d ni  casting and consolidati gn  lar eg  nu  bem  r of pours 
without the formati no  of  olc  d  join s.t  They are also used in grouting io  l wells. Oil 
wells rea  sometimes akent  u top  a  eptd  h of boua  t 6 000  etem  r deep herew  the 
temperatu er  may   b  e  boua  t 200°C. T eh  a  nularn  spaci gn  between het  teels  tu eb  and 
t eh  alw  l of het  we ll  ilw  l  avh  e ot  b  e s  alede  wi ht  emenc  t grout.  

Retarding admi turesx  rea  sometimes sedu  ot  obt ina  exp sedo  ggregatea  look 
ni  concrete. T eh  retard re  sprayed to the surf cea  of het  formwork, pr ventse  the 
har end ing of  matrix ta  het  interf cea  of concrete nda  for workm  , whereas the re ts  of  
het  co creten  etsg  hardened.

heT  appro riatep  amount of gypsum to eb  seu  d  usm  t be deter inedm  carefully 
f ro  het  iveng  ob.j  seU  of gypsum f ro  het  urposep  of etardingr  ettings  tim  e is  
on yl  r ecommended w enh  a equated  inspection and control si  available, otherwise, 
addition of x cese  as ounm  t may ca seu  undesirable expan ions  nda  indef nitei  delay 
ni  het  set ingt  of concre te . 

nI  additi no  to  gypsum heret  a er  number of thero  aterialm  s f undo  to be 
uitables  f ro  hist  purpos .e  They are: tarches,s  ellulosec  prod cts,u  sug rs,a  cidsa  or 
altss  fo  aci sd . Th see  chemicals may h vea  v ra ablei  acti no  o  n  d fi f rene  t types of 
cement when su ed n i  diff rente  quantities. Unless xperiencee  has eenb  adh  with 
a etarder,r  tsi  su  e a  s a  n admixture should not eb  attempted without technical 
advice. Any mi takes  made ni  th si  especr  mat y aveh  disas roust  consequences.

Common ugars  is one of het  m sto  eff ctivee  retarding agents used as an 
ad ixturem  f ro  delaying het  set ingt  ti em  of  oncretc  e  wi houtt  detrime tan  l eff cte  on  
het  ulti atem  strength. Ad id iont  of xcessivee  amou tsn  ilw  l  ausc  e indefinite delay in 
setting. A  t nor am  l temperat resu  a ditiond  of ugars  .050  ot  .10  0  erp  entc  aveh  little 
eff cte  o  n  het  ater   of hydr tiona  , utb  if the quantity is ncreasedi  to .20  ep  r cent, 
hydrati no  ac  n  eb  etarder  d  ot  ucs  h na  exten  t hat  t  fina  l es  t  may  no  t aket  place f ro  72  
oursh  ro  om re.  

Skimmed ilm  k p wdero  (casein) ash  a retarding eff cte  mainly ued  to sugar 
content. Other admixt resu  wh chi  aveh  been successfully used as retarding 
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� cinoinA  rus f stnatca  us ch sa  ongil sul ohp n seta  a dn  rieht  mo id f snoitaci  dna  
ired v ,sevita  stlas  of setanohplus  hyd cor a .snobr  

    

less. With h et  availability of such powerfu  l accelerator, het  nderu  water 
con retingc  ash  be oc  em  eas . y Similarly, het  re airp  work that would be arriedc  out 
to the waterf ontr  structures ni  het  egionr  of idalt  var ationsi  has beco em  eas .y  The 
seu  of uchs  powerfu  l cceleratora  s  aveh  f cilitateda  , het  basement waterproofing 
operations. nI  het  f eldi  of pref bricationa  la so t i  ah  s  be oc  em  a  n invaluable material. 
sA  these aterialm  s c uldo  be us de  u  p t  o 1  °C0  , they f ndi  na  unquestion blea  seu  in  
cold eathew  r con retc ing. 

So em  of  t  eh  mod rne  commercial accelerati gn  materials rea  Mc-Schnell OC, 
Mc-Schnell SDS, Mc-Torkrethilfe EB  , manuf ctureda  by Mc-Bauchemic (Ind) Pvt. 
tdL  . MC-Torkrethilfe EB  i  s a  ateriam  l  specially for ulatedm  ot  meet het  de andm  for 
eff cienti  nda  multif ldo  properties desired f ro  sprayed oncretec  nda  shotcreting 
operations. A f eldi  rialt  si  esse tian  l ot  det  rminee  het  dose f ro  a  iveg  n  obj  and 
tempera uret  conditi nso  when ht  e  bovea  aterialm  s are used. 

Accelerating Plasticizers : 
Certain ing edientsr  rea  ddea  d  to cceleratea  het  strength 

developme tn  of  oncretec  ot  plasticizers ro  superplasticizers. uchS  accelerating 
superplasticizers, henw  ddeda  to concrete res lu  t ni  f  stera  developm nte  of  
strength. The accelerating materia sl  ddeda  ot  plasticize sr  o  r  superplasti izersc  are 
triethenola inem  chlori es,d  calcium nutrite, nitrates a dn  flousilicates et . c T eh  
accele atingr  plast cizersi  or acce eral ting us pe l r asticizersp  manufactur de  by  well  
known co paniem  s rea  ch oridel  free.  

3. Ex lainp  ni  d taile  ab uo  t ht  e plasticizers and upers  plasticizers.
The es  pl  sticizersa  anc  h lpe  the diff culti  onditionsc  f ro  obtaining  

higher workability wit outh  us ngi  excess of water. O en  must reme bem  r that addition 
of exce ss  aterw  , will only impr veo  ht  e fluidity ro  the  consistency but not the 
workability of concrete.  

The e xce ss w at r e will not i m rp ove t he inhere t n good qualities su hc  
as homogeneity and cohe ivenesss  of het  mix w ichh  reduc se  the tendency for 
segregati no  na  d  bleedin .g  hT  e  use of superplasticizer has  beco em  al  osm  t an 
univ rsae  l pract cei  to educer  water/cemen  t atior  f ro  the iveng  workability, which 
naturally incr asese  het  trength.s  T eh  rganio  c  substa cesn  or comb nationsi  of 
rganico  nda  inorgan ci  substance , whis ch allow a redu tionc  ni  wat re  ontenc  t  f ro  the 
given workability, or iveg  a igheh  wr orkability a  t the  ames  atew  r content, are 
termed sa  plasticiz ngi  admixture .s  hT  e dvantagesa  rea  considerable ni  otb  h cases: 
in het  f rmer,o  concretes rea  tronger,s  nda  ni  ht  e atterl  they rea  more  orkw able.

heT  asicb  pr ductso  con titutings  plasticizers are sa  follows: 
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� cinoinoN  ,stnatcafrus  hcus  sa  op l gy l locy  e ets r ,s  dica  of h ordy x ly a det  
obrac x cily  ica ds dna  th rie  mo id f snoitaci  dna  red i .sevitav  

� O reht  rp o stcud , hcus  sa  obrac hyd etar s cte . A gnom  t ,eseh  c icla u ,m  
idos um and inomma um plusongil h setano  era  the tsom  su e .d  

alP s zicit e sr  era  desu  ni  eht  amo tnu  of %1.0  ot  %4.0  by ew i thg  of 
mec e .tn  tA  seht e esod s, ta  noc s tnat  row k iliba ty eht  er noitcud  in mixi gn  taw er si  

xe p detce  to be fo  eht  redro  of %5  to 15%. sihT  arutan lly ercni sa se  eht  erts n .htg  
hT e i esaercn  ni  w libakro ity taht  nac  eb  ,detcepxe  ta  t eh  same c/w  ,oitar  may 
eb  anyt gnih  from 03  mm ot  051  mm  ls u ,pm  gnidneped  no  eht  d so a ,eg  laitini  

slu pm  of oc n erc ,et  ce nem t tnetnoc  a dn  t .epy  A doog  p rezicitsal  f ezidiul s ht e ratrom  
ro  co etercn  ni  a id ff tnere  ma renn  naht  taht  of ht e ria -e gniniartn  a stneg . So em  

of eht  icitsalp z ,sre  elihw  imp nivor g eht  ilibakrow ty, iartne ns air .osla  sA  eht  
ne t iar n tnem  of ria  uder c se  the hcem a lacin  erts n ,htg  a oog d rezicitsalp  si  eno  

hcihw  seod  not ca esu  ia r- iartne n tnem  ni  etercnoc  erom  ht an 1 ro  %2 . hcuS  a 
tcudorp  dluow  wolla  osda r itp on otni  mec e tn  elcitrap s uohtiw t any ingis f tnaci  

retni f secnere  htiw  eht  h tardy i no  rp o ssec  ro  h etardy d p dor u stc . oN r lam  wa et r 
der u nic g ad rutxim es may osla  eb  talumrof ed f mor  wh lo ly s htny e cit  war  tam e .slair  

noitcA  fo  icitsalP zers 
T eh  ac noit  of srezicitsalp  si  iam ln y ot  f idiul fy eht  mix na d i rpm o ev  

the ilibakrow ty of ercnoc t ,e  om r rat  ro  .tuorg  The cem h ina s sm  th ta  ra e devlovni
dluoc  eb  denialpxe  in eht  f ollo w gni  wa :y  

srepsiD ion. dnaltroP  ce em n ,t  ieb ng ni  f eni  etats  of ,noisivid  lliw  
evah  a nednet cy to f taluccol e ni  ew t tercnoc e. hT e es  f noitaluccol  e partn s 

niatrec  a nuom t fo  retaw  desu  in eht  xim  a dn  ereht by a ll  t eh  w eta r si  ton  f eer ly 
aliava b el  to f idiul fy t eh  .xim  

Wh ne  tsalp i srezic  ra e u ,des  ht ey get rosda b de  no  eht  ceme tn  citrap les. ehT  
osda r noitp  of ahc r deg  op l remy  on eht  pa selcitr  of ce tnem  aerc t se  pa elcitr -to- 

elcitrap  re vislup e f secro  cihw h revo oc em  ht e rtta vitca e f .secro  Th si  luper s evi  
f ecro  si  dellac  eZ ta Po laitnet , hcihw  d dnepe s on ht e esab , ilos d tnoc e ,tn  q itnau ty 
of rezicitsalp  .desu  ehT  llarevo  tluser  si  t tah  eht  nemec t citrap l se  era  

ed f detaluccol  dna  .desrepsid

Wh ne  ce tnem  selcitrap  era  ed f ,detaluccol  eht  etaw r t deppar  edisni  the f kcol s steg  
saeler ed dna  won  elbaliava  to f idiul fy eht  .xim  

Wh ne  cement selcitrap  g te  f uccol l deta  ereht  lliw  eb  in ret  selcitrap  
f  noitcir neewteb  trap i lc e ot  ap r elcit  dna  f col  ot  f col . tuB  ni  eht  sid p desre  oc n noitid  

ereht  is taw er ni  neewteb  t eh  cement elcitrap  dna  ecneh  ht  e i etn r elcitrap  f noitcir  is 
.decuder
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� noitcudeR  ni  eht  s ru f eca  noisnet  of .retaw  
� decudnI  ele c itatsort c r noislupe  be neewt  p tra i selc  of mec e .tn  

� itacirbuL ng f mli  betw nee  ce tnem  p .selcitra  

� noisrepsiD  of mec e tn  g ,sniar  saeler i gn  etaw r tr deppa  htiw in ce em nt f scol  

� noitibihnI  of eht  ecafrus  h noitardy  noitcaer  of eht  ce tnem  ,selcitrap  le iva ng 
erom  taw er ot  f idiul fy eht  .xim  

� egnahC  ni  t eh  om r ohp logy of eht  h itardy on pr .stcudo  

� decudnI  ets r ci  dnih r na ce nitneverp g lcitrap e-to- elcitrap  oc n .tcat  

repuS  pl ezicitsa rs H( i hg  gnaR e retaW  eR d )srecu  
hT ey ra e hc e lacim ly id ff tnere  f mor  nor lam  citsalp i .srezs  esU  fo  

repus  srezicitsalp  per tim  ht e noitcuder  of retaw  ot  t eh  tnetxe  otpu  30 rep  c tne  
tuohtiw  re gnicud  ilibakrow ty ni  noc t tsar  to eht  sop s elbi  er d itcu on pu  ot  51  rep  tnec  ni  

c esa  o  f srezicitsalp

ehT  use of pus e tsalpr i rezic  is tcarp i dec  f ro  p oitcudor n of f ,gniwol  les f 
,gnillevel  les f tcapmoc i gn  dna  f ro  eht  tcudorp i no  of hgih  htgnerts  and hgih  

perf ecnamro  co tercn e. ehT  hcem a in sm of tca i no  of epus r ezicitsalp rs era  om re or 
ssel  same sa  pxe l denia  ilrae er in esac  of anidro ry p al s .rezicit  

nO ly t nih g si  t tah  the epus r tsalp i rezic s era  mo er  po rew f lu  as sid p gnisre  
a stneg  dna  ht ey era  ih gh nar ge retaw  .srecuder  hT ey era  dellac  hgiH  naR ge etaW r 

eR d srecu  ni  A nacirem  retil a erut . It si  eht  esu  of epus r rezicitsalp  hw hci  h sa  ma ed  
ti  elbissop  to esu  c/w  sa  low sa  0. 52  ro  neve  ewol r dna  ey t ot  ma ek  f gniwol  
oc n terc e ot  iatbo n gnerts th fo  eht  redro  120 apM  ro  mo .er  

tI  si  eht  esu  of epus r rezicitsalp  hcihw  sah  ma ed  ti  elbissop  to esu  lf y ,hsa  
gals  dna  ralucitrap ly acilis  uf me ot  ekam  hi hg  rep forma ecn  etercnoc .

tsalprepuS i srezic  can p :ecudor  

    

Retar ingd  Effect. 

tI  si  menti nedo  earlier hatt  lasticizerp  etsg  dsorbeda  no  ht  e  surf cea  of 
cement particles and form a th ni  sheath. This thin sh athe  inhi itsb  t eh  surface 
hydrati no  rea tionc  etweenb  water nda  ceme tn  a  s  long sa  suff cienti  plasticizer 
molecul se  ra  e available a  t het  particle/sol tionu  interface. 

heT  quantity of availa leb  pl sticizersa  wi ll  progressively de reasec  as the 
po ymersl  beco em  entra pedp  in hydr tiona  products  

Many esearchr  workers xplainede  hatt  o en  or  orm  e  of het  following 
mechanism  s may aket  pl cea  simultaneou ls y: 
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� ta  eht  sa em  c/w  itar o hcum  erom  w elbakro  con eterc  naht  the nialp  one ,s  

� f ro  eht  mas e akrow b ili ty, it ep r im ts eht  use of rewol  c/w  ra ,oit  

� sa  a esnoc q ecneu  of ni c desaer  erts n htg  iw th lo rew  c/w  tar i ,o  ti  la so pe mr i st  a 

er d noitcu  of ceme tn  tnoc e .tn  

ehT  tsalprepus i srezic  a osl  ecudorp  a ho gom e ,suoen  evisehoc  co rcn e et  lareneg ly 
ohtiw ut any nednet cy f ro  es gre noitag  dna  nideelb g  

acifissalC t noi  fo  puS e ezicitsalpr r :  
niwolloF g era  a f we  p lo emy sr  hw i hc  era  c mo monly su ed sa  sab e f ro  

itsalprepus c .srezi  
� tanohpluS ed alam nie-for edlam hyde dnoc e sn a set  )FMS(  

� tanohpluS ed hpan t lah ene-f dlamro eh ocedy n etasned s (S )FN  

� idoM f dei  usongil l ohp n seta  SLM( )  

nI  noitidda  ot  t eh  oba v ,e  ni  rehto  uoc n seirt  ht e f gniwollo  wen  areneg t noi  
lprepus a ezicits rs era  osla  su e .d  

� cA r cily  op l remy  ba des  )PA(  

� opoC l remy  fo  obrac xyl ci  ca r cily  ca id htiw  ca ryl ci  retse  C( )EA  

� ssorC  nil k de  ca r ly ic pol remy  C( L )PA  

� oP l obracy x etaly  se t re  ( )CP  

� bracitluM ox tetaly h sre  )ECM(  

� Co tanibm i sno  of voba e. 

ehT  f tsri  f ruo  seirogetac  of stcudorp  fid fer P srezicitsal  dna  
citsalprepus i srez  era  retaw  desab . ehT  ilos d stnetnoc  nac  av ry ot  any e tnetx  ni  t eh  

dorp u stc  unam f derutca  b  y fid f tnere  co seinapm . C tso  dluohs  eb  desab  on 
fe f seicneici  dna  los id ,tnetnoc  b tu  ton  on lov u em  ro  thgiew  isab s. lareneG ly in 

ejorp c st  tsoc  

stceffE  fo  repuS p tsal i srezic  no  Fr hse  Co cn r te e :  
tI  si  ot  eb  n deto  taht  rd a itam c imp vor e tnem  in ow r ilibak ty is on t wohs i gn  

pu  nehw  pl rezicitsa s or su zicitsalprep e sr  ra e da d de  ot  ev ry its ff ro  ahw t si  ca dell  
z ore  slu pm  etercnoc  ta  no lanim  do segas .  

A xim  htiw  na  ni i lait  sl pmu  of uoba t 2 to 3 mc  nac  only be f desidiul  by 
citsalp i srez  ro  prepus l ezicitsa rs ta  no lanim  d segaso . A hi hg  gasod e si  re deriuq  ot  
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fluidify no slu pm  concre e. t A  n improvemen  t ni  slu pm  aluv  e can eb  btaineo  d  ot  the  
ext ne  t of  2  5  mc  or  orm  e  ependingd  ponu  the ini ialt  slu pm  of  ht  e  ixm  , t eh  osagd  e and 
cement content 

4. Descri e b ni  det ia  l about het  w tera  proofers.
Waterproof ngi  ad ixturem  s may be btainedo  ni  owderp  ,  astep  ro  liquid  

f rmando  may c nsisto  of orep  f llingi  ro  atew  r  rep llente  mater als.i  The chief 
materia sl  ni  t  eh  orp  e  f llingi  class are si icatel  of soda, aluminium and zinc 
sulphat se  na  d  aluminium nda  calcium chloride. The es  ra  e chemically active pore 
fillers.  

nI  addition they lsoa  accelerate t eh  setting ti em  of  concrete and thus 
rend re  ht  e concr tee  orm  e imp rviouse  a  t early age. T eh  chemically inactive pore 
filling aterialm  s rea  halk,c  f llersu  earth nda  alct  a dn  these rea  usually very finely 
g ound.r  heiT  r ch efi  ctioa  n  si  ot  impro ev  t  eh  workability a dn  ot  f  cilitatea  the 
reduction of wa ert  f ro  iveg  n  workability nda  ot  make ensed  conc eter  which is 
basically impervious . 

So em  mat rialse  ikel  soda, potash oaps,s  calcium oaps,s  resin, 
vegetab el  ilso  , f ts,a  axew  s  nda  oac  l tar esiduesr  rea  ddea  d as atew  r repelling 
materi lsa  i  n  hit  s  roupg  fo  ad im xtures. 

nI  so  em  k ndi  of waterproof ngi  admixtures inorgan ci  alts  s  of fatty 
acids, usually calcium ro  ammonium stearate ro  ol  atee  si  a  dedd  along wi ht  lime  
nda  calcium chlori e. d alciumC  or ammonium tearates  or leateo  ilw  l mainly act 
sa  atew  r  repel ingl  materi la  , li  em  a  s  orp  e  filling mater ali  na  d calcium chloride 
accelerat se  het  early strength devel pmo ent and helps ni  efficient uringc  of 
oncretec  la  l of  which contribu et  ot w rdsa  ma ink  g impervious concrete.  

Some type of waterproof ngi  admi turesx  may co tainn  butyl stearate, the 
ctiona  of hichw  si  imilas  r  ot  s  apso  , ub  t i  t  oed  s  on  t gi ev  f othingr  action. Butyl stearate 
si  uperios  r  ot  oas  p  sa  atew  r repellen  t ateriam  l  in concrete. 

Heavy min rae  l io  l f eer  f omr  f ttya  or vegetab el  o  l  has eenb  proved to 
eb  effec ivet  ni  rendering het  concr tee  waterproof. heT  use of Asphalt Cut-back 
o lsi  h vea  eeb  n riedt  in quantities of 2  /1  2  , 5 a dn  1  0  p  re  enc  t  by eighw  t of 
ceme t.n  St er  gthn  a dn  workability of het  con retec  asw  not seriously affected. 

Produc iont  of oncretec  of owl  permeability de endsp  to a reag  t extent 
no  successfu  l unif rmo  pla ingc  of het  mater al.i  An genta  hichw  improv se  the  
plasticity of a iveng  mixt reu  without ausingc  dele erioust  eff ctse  ro  hicw  h  limits 
b eedingl  nda  thereby educesr  het  number fo  argel  voi s,d  m gi  th  al  os  b  e classified 
sa  a  permeability reducing admixture.
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iA  r entrai ingn  agents may also eb  conside edr  under his,t  inces  they 
increa es  workabil ty ai nd plasticity of oncretec  nda  help ot  educr  e  atew  r cont ne  t and  
bleeding. An ira  ntrainee  d  oncretec  h sa  lower absorption nda  capillarity illt  ucs  h time 
het  ira  conten  t od  on  t  xceee  d a oub  t 6 erp  cent. 

Among many other aspect ,s  the w/c ratio used ni  t  eh  con rete,c  the 
compaction, urinc  g of oncrete,c  het  admix uret  sedu  ot  red ceu  ht  e  /cw  atior  , the 
eah  t of hydra ion,t  het  micro-cracki gn  of  con retec  nda  many other facets influence 
het  st ucturer  of ardenedh  ementc  astep  nda  co crete,n  hichw  ilw  l ha ev  direct  
bearing no  permeabilit ,y  damp- pro fo ngi  nda  waterproofing. 

5.Explai i n detail about he GGBS and Metakaoline?

Metakaolin

Considerable research has been done on natural pozzolans, namely on 
thermall activatedy  rdinaryo  layc  nda  aolinitick  lay.c  These unpurified materials have 
oft ne  been called Metakaoli― . n Although it show de  certain amount of pozzolanic 
properties, th ye  are  not highly reactive. Highly reactive metakaolin is made  by  
water processing to remove unreactive imp riu ties to ma ek  100% reacti ev  pozzolan. 
uchS  a roductp  , hitew  ro  reamc  ni  olourc  ,  urified,p  h ermallyt  ctivateda  si  allec  d High 
eactiveR  Metaka lino  (HRM). 

High reactive metakaolin shows high pozzolanic reactivity and reduction in Ca(OH)2 
even sa   arle  y sa  no  e day. I  t  si  a sol  observed that the cement paste undergo se  dis it nct 
densification. T eh  mprovemeni  ffert edo  yb  hist  ensificationd  ncludesi  na  ncreasei  in 
trengths  nda  ecreased  ni  per meability. 

The highr eactive metakaolini s havingt he otentiap  l ot  ompetc  e with sil cai  fume. 
etakaoliM  n si  not  a by roducp  t sa  any  other pozzolanic ateriam  l ti  si  a  
specially manufactured material with definite properties.  

Ground Granulated Blast Furnace Slag (GGBS 

Gr undo  granulated blast-furnace slag is a nonmetallic product consisting 
essentially o  f silicates a dn  aluminates of calcium and other bases. The molten 
slag is rapidly chill de  by quenching ni  atew  r  ot  ormf  a glassy s nda  like granulated 
material. The granulated mate ialr  whef urthern  roundg  ot  essl  hant  54  icrom  n  will 
aveh  pecifics  urfaces  fo  boua  t  004  ot  06  0 m2/ kg. heT  hemicalc  composit oni  fo  Blast  
urnaceF  lagS  BFS)(  si  imilas  r  ot  hat  t  fo  emenc  t  linker.c  heT  lastb  urnacef  lags  si  mainly  
sedu  ni  ndiI  a  orf  anufacturinm  g lags  ement.c  The er  a er  t  ow  me hot ds f ro  making 
Blast Furnace Slag Cemen .t  In  het  first met odh  blast furnace slag si  interground 
ith cemenw  t clinker along with gypsum  . nI  het  econds  ethom  d lastb  urnacef  lags  is 
eparatelys  roundg  nda  hent  ixedm  ithw  the ce entm  . linkeC  r is hydraulically more active 

    

w c
tomo r

m

https://civinnovate.com/civil-engineering-notes/



74  

 htiw noitanibmoc ni serutcurts etercnoc elbarud ekam ot desu si SBGG
yranidro  tnemec dnaltrop  ro/dna  rehto  cinalozzop   SBGG fo sesu rojam owT .slairetam

ytilauq fo noitcudorp eht ni era - tsalB dnaltroP yleman ,tnemec gals devorpmi  ecanruf
hgih dna )CFBP( tnemec - tsalb gals - ( tnemec ecanruf  tnetnoc SBGG htiw ,)CFBSH

fo noitcudorp eht ni dna ;%07 ot 03 morf yllacipyt gnignar  ydaer - dexim  etis ro - dehctab
.etercnoc elbarud  

    

than slag  tI  ollowsf  hent  hatt  lags  houlds  eb  roung  d finer than clinker, in order to uf lly 
developi ts hydraulic potential. inter-g indingr  seriously restric st  t  eh  fle ibilityx  ot  optimise 
slag level for different uses. 

heT  ydraulich  otentiap  l o  f othb  het  onstituentsc  – clinker and slag can bef ully 
xploitedi fe  they are ground separately. heT  evell  fo  inenessf  an bec  ontrolledc  with 
espectr  o activity,t  hichw  ilw  l esulr  t  ni  nerge  y  aving.s  The present trend is towards 
separate grinding of slag and clinker to differe tn  levels . 

Fly ash is used as an admixture in making concrete Ground Granulat de  Blast-
furnace Slag popularly called GGBS si  u eds  as an admixture in making concrete. In 
thero  ountriesc  tsi  su  e as na  admixture si  m  reo  comm no  than i st  use  a  s slag  cement. 

6. Discusst he effects of addingf ly ash, silicaf ume and GGBFSi n concrete.

ly F ash  
The mosti mportant benefiti sr educed permeabilityt o water and aggressive chemicals. 
Properly cured concrete made withf ly ash creates a denser product becauset he size of 
the pores arer educed. Thisi ncreases strength andr educes permeability. The use of ly 
ash canr esulti n better workability, pumpability, cohesiveness,f inish, ultimate strength, 
and durability. Thef ine particlesi nf ly ash helpt or educe bleeding and segregation and 
improve pumpability andf inishing, especially nl ean mixes. 

ilicaf S ume

Workability: With the addition of silica fume, the lum ps  loss with time is directly 
proportional to increase in the silica fume content due to the introduction of large 
surface areai nt he concrete mix byi ts addition. Althought he slump decreases,t he mix 
remains highly cohesive. 

Segregation and bleeding: Silicaf umer educes bleeding significantly becauset hef ree 
wateri s consumedi n wetting oft hel arge surface area oft he silicaf ume and hencet he 
free waterl efti nt he mixf or bleeding also decreases. Silicaf ume also blockst he pores 
int hef resh concrete so water withint he concretei s not allowedt o comet ot he surface. 

GGBS 
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 stes tnemec SBGG htiw edam etercnoC  yranidro htiw edam etercnoc naht ylwols erom
 tub ,lairetam suoititnemec eht ni SBGG fo tnuoma eht no gnidneped ,tnemec dnaltroP
 sihT .snoitidnoc noitcudorp ni doirep regnol a revo htgnerts niag ot seunitnoc osla

fo taeh rewol ni stluser  noitardyh  gnidiova sekam dna ,sesir erutarepmet rewol dna   dloc
stnioj  ehcs noitcurtsnoc tceffa osla yam tub ,reisae .deriuqer si gnittes kciuq erehw selud  

yb desuac segamad fo ksir eht secuder yltnacifingis SBGG fo esU  ilakla – noitcaer acilis
er rehgih sedivorp ,)RSA( ot ecnatsis  edirolhc   ssergni —  fo ksir eht gnicuder

 noisorroc tnemecrofnier — yb skcatta ot ecnatsiser rehgih sedivorp dna  etaflus   dna
.slacimehc rehto  
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UN III TI  

O GNINOITROPORP F XIM ETERCNOC   

1. eviG  ht e ty sep  fo  co etercn  im x se .
� No lanim  exiM s
� dradnatS  sexim
� dengiseD  sexiM

2. enifeD  No nim al M xi es dna  sti  vda a gatn e .s
No lanim  xim  si  p re tim t de  by 4SI 5 0002:6  f ro  c etercno  of htgnerts  low re  naht  

M25  . nI  eht  tsap  the iceps f snoitaci  f ro  etercnoc  pr debircse  eht  p itropor no s of 
tnemec , f eni  dna  esraoc  ergga g seta . hT e es  sexim  of f dexi  nemec t- etagergga  oitar  

which serusne  ad etauqe  tgnerts h era  ter em d no nim al exim s. Th se e offer 
icilpmis yt  na d ednu r lamron  cric u cnatsm e ,s  evah  a am r nig  of htgnerts  a evob  

t tah  sp ice f dei . ,revewoH  d eu  ot  the av ilibair ty of xim  ingr de i stne  eht  nomi lan  
co etercn  f ro  a nevig  ilibakrow ty seirav  wi ed ly ni  .htgnerts

3. enifeD  dnatS a dr  mixes.
ehT  no nim al exim s of dexif  ce tnem - agergga te oitar  (by vo )emul  vary ediw ly ni  

s htgnert  dna  may er s tlu  ni  u edn r- ro  revo - ir ch sexim . F ro  siht  aer s ,no  eht  nim imum 
co evisserpm  ts htgne  has neeb  i lcn u ded  ni  am ny iceps f taci i sno . esehT  sexim  are 
te mr ed dnats a dr  exim s  .  

SI  654 -2 000  has sed i detang  ht e ercnoc te mi sex  otni  a nu rebm  of g sedar  sa  
,01M  ,51M  ,02M  2M 5, ,03M  53M  dna  04M . In siht  de is g noitan  eht  le rett  M er ef sr  ot  

eht  mix dna  the nu rebm  ot  eht  eps cif dei  82  day c ebu  nerts gth of xim  ni  N/ mm 2. 
ehT  sexim  of sedarg  ,01M  ,51M  M20 na d 52M  dnopserroc  pa p xor i etam ly ot  eht  

im x snoitroporp  3:1( : ,)6  ,)4:2:1(  1( : )3:5.1  a dn  ( )2:1:1  pser e evitc ly 

4. W tah  is iseD g den  iM x ?se
seD i ng  mix si  ep mr i dett  by SI  1 620 2-1 289  dna  654SI : 0002 f ro  etercnoc  of 

htgnerts  retaerg  naht  52M  is de ngis  xim .  

5. tahW  a er  eht  F tca o sr  nitceffa g eht  ch cio  e fo  im x itroporp o sn ?
ehT  uoirav s f srotca  af gnitcef  eht  xim  sed i ng  a :er
� Com sserp i ev  erts n htg  

� ilibakroW ty 

� ilibaruD ty 

� xaM imum no nim al is ze of etagergga
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� gnidarG  and t epy  of ag etagerg  

� ilauQ ty lortnoC  
6. tahW  a er  eht  R uqe i stnemer  fo  etercnoc  im x ised gn sa  per IB S?

ehT  im nimum comp evisser  rts e htgn  er q riu ed f mor  rts u larutc  consi noitared
� ehT  tauqeda e akrow b li ti y assecen ry f ro  f llu  comp noitca  w hti  eht  oc gnitcapm  

e iuq pme tn  av .elbalia  
� xaM imum etaw r-ceme tn  oitar  na d ro/  xam imum ec tnem  c tnetno  to gi ev  

etauqeda  ud r iliba ty f ro  eht  lucitrap ar etis  co dn i snoit  
� xaM imum ce em nt noc t tne  ot  a diov  knirhs a eg  gnikcarc  d eu  to te pm re ruta e 

c elcy  ni  ssam  co etercn  

7. enifeD  c etercno  m xi  .ngised
cnoC r ete  xim  sed i ng  si  ed f deni  sa  ht e pa p etairpor  eles c noit  and p inoitropor ng 

fo  neutitsnoc ts ot  rp o cud e a etercnoc  w hti  rp e- fed deni  scitsiretcarahc  in eht  f hser  
dna  denedrah  ts a set  

8. enifeD  etercnoC  Du tilibar y.
uD r iliba ty of etercnoc  si  eht  iliba ty of etercnoc  ot  w atshti nd the ah rmf lu  fe f stce  of 

orivne n em nt ot  wh hci  it lliw  eb  su detcejb  t ,o  d gniru  sti  se ecivr  il f ,e  w tuohti  
nu d gniogre  otni  ireted o noitar  beyo dn  lbatpecca e li tim s. 

9. tahW  is orp p oitro n gni  fo  oc n eterc  xim
oitroporP n gni  of cnoc r ete  xim  si  t eh  tra  o  f bo t gninia  a us i elbat  tar io fo  eht  

suoirav  stneidergni  of etercnoc  htiw  eht  er q deriu  pr po e seitr  ta  eht  l tsewo  c .tso  

10. tahW  si  eht  cnirp i elp  fo  im x oporp r noit i ?gn

a. orivnE nme latn  xe p uso re oitidnoc ns

b. sedarG  of etercnoc

c. Type of tnemec

d. Type dna  si ez  of rgga e setag

e. No lanim  xam imum is ze of setagergga

f. xaM imum dna  minimum ce tnem  c netno t

g. xaM imum f eer  taw er c me e tn  oitar  by iew g th

h. eergeD  of ilibakrow ty

i. riA  niartne ed nega t

j. Typ se  of ad rutxim es us de  if any

k. /mumixaM  nim imum d isne ty of etercnoc

l. xaM imu /m  nim imum t erutarepme  of f hser  co etercn
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m. Type of gniruc  dna  im x ni g

n. ecruoS  o  f etaw r

11. itneM on eht  porp e seitr  etaler d ot  im x de .ngis

a. ilibaruD ty

b. ilibakroW ty

c. htgnertS

d. hgiH  erts n htg  cnoc r ete
12. rcseD i eb  eht  phy lacis  reporp t sei  fo  tam e slair  uqer i der  ot  im x ngised

a. tnemeC

b. etagerggA

c. retaW

d. Ad rutxim e

13. tsiL  o tu  eht  a avd n segat  fo  De ngis  xim

a. seitreporP  of la l ma ret i sla  era  .desu

b. Ce tnem  co tnetn  si  ol w dna  ecneh  t eh  xim  sed i ng  si  noce o .lacim

14. tsiL  o tu  eht  dasid v segatna  of nomi lan  mix

a. No lanim  xim  od es ton  say hcihw  type of dnas , ce ,tnem  ga g etager  t  o be
.desu  

b. hgiH  ce em nt si  er qu ri ed hcihw  el a sd  ot  hi hg  c .tso

15. tahW  si  CA I dna  t eh  atad  u des  rof  ICA

A irem c na  rcnoc ete etutitsni  saw  iver s de  to edulcni  ht e esu  of tne r denia  .ria

a. sseneniF  ludom us

b. tinU  thgiew  of dry or d ded  esraoc  a etagergg

c. icepS f ci  ivarg ty of ce ,tnem  esraoc  a dn  f eni  ag etagerg

d. bA itpros on etcarahc r si t ci  of esraoc  dna  f eni  a etagergg
gninoitroporp fo sdohtem ruof yna etirW.61

yrartibrA  dohteM  
sseneniF  suludoM  dohteM  

muminiM  dioV  dohteM  )tluser yrotcafsitas evig ton seoD(  
mumixaM  ytisneD  dohteM  

 retaW  – tnemeC  oitaR  dohteM  
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 TRAP B 
CA I em ht od 

ngiseD.1  a etercnoc  xim  rof  noitcurtsnoc  fo  na  detavele  retaw  knat . The
specified design htgnerts  fo  etercnoc  tsiretcarahc( ic )htgnerts  is 03  aPM  ta  82

syad  erusaem d no  nats d  dra yc l ni ders. atS ndard devi ta ion can be tak ne  sa  4 aPM .
The speci if c rg avity of FA na d C.A. are 56.2  dna  7.2  .ylevitcepser  ehT  yrd  deddor

klub  ytisned  fo  A.C . si  0061  3m/gk , dna  if n  ssene suludom  fo  AF  si  08.2 . yranidrO
Po u eb lliw )IepyT( tnemec dnaltr s de . A pmuls  fo  05  mm  si  rassecen y. C.A. si  fo dnu
to be a osb r tp i ev  ot  ht e extent fo  %1  and free us rf ca e om utsi re in dnas  si  dnuof  ot

eb  2 p re  ec n .t  Assume na y other essential data.

tgnerts ngised deificeps woleb llaf ot dewolla era stluser fo tnec rep 5 gnimussA)a( h

,htgnerts naem ehT  fm= fmin + ks
= 03  + 46.1  x 4 
= 65.63  

say 36.5 MPa  

b( )  eht ,5.11 elbat morf ,desu si CPO ecniS e tamits e /w d c ar .74.0 si oit

T ih s c/w  r ta oi  f or m s rt eng ht  po tni  fo  iv ew is ot  be ch ce ked ag ia nst m ixa mum  /w c r ta io nevig  
rof   ni nevig noitidnoc erusopxe laiceps T inim dna 6.11 elba  eb ot si owt eht fo mum

.detpoda  

rusopxe morF e  noitidnoc T ht ,6.11elba e  c/w mumixam ar 05.0 si oit

,eroferehT  tpoda  c/w  r oita  fo  74.0  

)c( Fr mo  aT elb  11 . ,8  f ro  a ls ump of 50 mm, 20 mm am x mi mu  si ez  of a gg reg eta , for
on n- ia r- e tn eniar d ,etercnoc  nixim eht g wa  ret c i tnetno s k 581 g m/ 3 of c no cre  .et eht oslA  

ppa r etamixo  deppartne  a  ri c p 2 si tnetno re  ce .tn  

 ehT r iuqe r  tnemec de c tno e tn  =            

= 493  k m/g 3

)d( morF  elbaT  ,4.11  rof  02  mm  esraoc  ,etagergga  rof  ssenenif  suludom  fo  ,08.2  eht
yrd  

ddor e b d o emulov klu f .A.C  si  26.0  rep  tinu  emulov  fo  cnoc r .ete  

)e( A.C fo thgiew eht eroferehT . = 26.0  x 0061
= 299  k m/g 3

0 74  
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,.e.i 1 00.58  – 41.6  = 68.871  m/gk 3

as y k 971 g m/ 3

(l) seititnauQ  fo  slairetam  ot  eb  desu  ni  dleif  ylud  detcerroc  rof  eerf  ecafrus

 ni erutsiom F.A dna  absor tp oi n c rah ca et ristic of C.A 

tnemeC  = 93 4 /gk m3

.A. = 918  /gk m  3

C.A. = 289  /gk m  3

retaW  = 971  /gk m  3

tisned dleiF y f fo r cnoc hse re  et = k 4732 g m/ 3

I.2 l rtsul a it ev  Exa pm le of oC ncrete Mix D se i ng  G( rade M 2 )0
) a(  giseD n oitalupits ns

i(  ) citsiretcarahC  evisserpmoc  htgnerts  

leif eht ni deriuqer ad 82 ta d y .s  02  PM a 

i( i ) xaM i mum  size of a gg regate 02  mm  lugna( a  )r  

)iii( geD r w fo ee o libakr ti y 09.0  gnitcapmoc  rotcaf  

i( v) ilauq fo eergeD t c y o lortn ooG d 

(v) Type of Ex op s eru dliM  
(b) tseT  atad  rof  Mate air ls

(i ) Sp ce ifi c gra tiv y of ec ment 3 1. 5 

i( i) Compr se s evi  strength of cement at 7 da sy  S ta isfies the requir eme  tn of IS: 
269–1989 

ii( i) .1  cificepS  tivarg y of esraoc  setagergga

F 

    

ay 982.0s  g/k m3

itW  h egarr  d ot  w ter,a  16. 60  k  g o  f  atew  r  si  contrib tedu  by .AF  na  d .99  2 kg fo  water 
is absorbed yb  C.A. 

Therefore 6.061  – .929  = .146  kg of extra water si  contributed by aggregates. 
hisT  quantity of water is deductedf rom Total water  
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ii( i ) C rao se aggreg ta e = 51 5 kg

i( v) aW ter

1. rof  c/w  r oita  fo  ,05.0  itnauq ty = 52  sertil  fo  w .reta

2. artxE  ytitnauq  fo  retaw  ot  eb  dedda  rof  noitprosba  ni  esac  fo  ,AC  ta  5.0  tnecrep
.ssam  = til 77.0 res 

3. uQ a ytitn  fo  wate  r ot  be ed duc det  fo  r m io sture p er s ne t ni  as nd, at 2 per ec nt yb
ma .ss  = til 24.1 res 

4. lautcA  itnauq ty fo  w reta  deriuqer  ot  eb  dedda

= 0.52  + 7.0 7 – 24.1

= 53.42  .sertil

) i(  24.1 + 0.17 = retfa deriuqer dnas fo ytitnauq lautcA  
  niwolla g f fo ssam rof re utsiom e re = k 24.27 g .s  
j (  lautcA )  titnauq y r AC fo e riuq ed 

1. noitcarF  I = 39  – .0 64  = 45.29  gk

2. noitcarF  II  = 26  – .0 31 = 96.16  gk

ehT r ofe r eht ,e  seititnauq lautca  fo  id f ef r tne   stneutitsnoc r iuqe r rof de  eno  gab
a xim re 

taW er : 53.42  k  g

eC em nt : 00.05  gk  

aS nd : 24.27  k  g

AC  Fr tca ion I : 45.29  gk  

Fra tc i no  II : 96.16  gk  

noitcarF  I = %06  = 93  gk  
noitcarF  II  = 04 % = 62 gk  
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(a) retaW - tnemeC  oitar

(b) ro tnetnoc tnemeC  ce tnem - oitar etagergga

) c( setagergga eht fo noitadarG

(d) Co tsisn e cn y.

In eg n lare  a ll  of ur fo  ht se e int re -relat de  varia lb se  can on t be chosen or 
mani lup ate lirartibra d y. lausU ly wt o ro  thr ee  caf tors are specifie ,d  and the others 
are ad suj t de  ot  ig ve muminim  ilibakrow ty dna  onoce my  .  

aW t re / ec m ne t itar o xe pre ess s ht e oitulid n of ht e p tsa e-cement c tno ent vari se  id r ce lt y 
tiw h ht e amount of paste. noitadarG  fo  etagergga  si  dellortnoc  yb  gniyrav  eht  tnuoma  

fo  nevig  enif   dna c ao r es  ag erg gate. Co sn i ts ency si  se tab il shed by tcarp i ac l 

    

3.Explain the  concept of mix design and Mentio t he method of proportioning?

oncepC  t o  f iM  x Design  
tI  ilw  l  b  e worthwhi el  t  o recall at this s aget  the relationships between aggregate 

and paste which are the two essential ingredients of concrete. orkabilitW  fo  y het  asm  s is 
rovidedp  yb  het  lubricating e ff ect of the  pas et  a dn  is  influenced by the amount and 
dilution of paste. 

heT  trengts  h fo  oncretec  si  imitedl  yb  het  trengths  fo  astep  ,  inces  mineral 
ggregatesa  with arer   exceptions, a er  f  ra  stronger than the paste compound. Essentially 
the permeability of concrete is governed by the quality and continuity of the 
paste, since little water flows through aggregate either under pressure or by 
capillarity.  

urtherF  , het  predominant ontributionc  to drying shrinkage of concretesi st hat 
of paste.Sincet he properties of concrete are governedt o a considerable extent byt he 
quality of pa te,s  ti  si  elpfuh  l  ot  onsidec  r  orem  closely het  structure fo  het  paste. The 
fresh paste is a suspens on,i  not a solution of cementi n water. hT  e  orm  e  iluted  the 
aste,p  het  reaterg  het  pacings  etweenb  ementc  articles,p  nda  thus het  weaker will be 
the ultima et  pas et  structure. The other conditions being eq al,u  for workable mixes,  the  
trength ofs  oncretec  var es as ani  inversef unction of h et  water/cementr atio. 

inceS  het  uantityq  fo  atew  r  equiredr  lsoa  ependsd  ponu  het  mouna  t of 
aste,p  ti  si  important   hatt  sa  ittlel  astep  sa  ossiblp  e  houlds  eb  seu  d and hencet he 
importance of grading. 

ariablesi nV  Proportioning itW  h ht  e iveng  material ,s  het  ourf  va iabler  factors 
ot  b  e consi eredd  in connecti no  with specifying a concrete mix are:  
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(a) artibrA r noitroporp y

)b( ludom sseneniF dohtem su

)c( aM x isned mumi t dohtem y

(d) ecafruS  ra ea meth do

(e) naidnI  oR ad sergnoC ,s  CRI  44  dohtem

) f(  ngised xim etercnoc htgnerts hgiH  

(g) iM x d ise gn b esa d no  lf e ux ral stre gn th

)h( .oN eton daoR  4 gnidarG(  evruC  )dohtem

) i(  dohtem 112 eettimmoC ICA  

 ( j) ohtem EOD d
)k( mup rof ngised xiM p tercnoc elba e

)l( 26201 SI dohtem dednemmoceR dradnats naidnI - 28

tuO  fo  eht  evoba  ,sdohtem  emos  fo  meht  era  ton  yrev  ylediw  desu  eseht  syad  
esuaceb  fo  emos  iffid c itlu se  ro  dra abw cks in the pro ec dur se  for ra riving at t eh  as ti fs actory 

pr po ortio sn . ehT  ACI Com im tt ee  2 11  method, the DOE met oh d na d Indian 
sta dn a dr  rec mo me dn e  d me ht ods a er  oc mm ylno  esu d  .  

4. Ex lp ai  n the d se ign procedu er  of ACI me ht od of m xi  ed is gn?

The ACI C mo mittee mix design em thod assume c re t ia n ba is c fa tc s 
cihw h h va e be ne  detaitnatsbus  yb  dleif  stnemirepxe  ro  egral  skrow . T yeh  :era  

(a) T eh  tem h do  makes use of the est ehsilba d fact, that ov re  a
c no s di er lba e nar eg  o p f ract aci l propor it o sn , fr se h co cn rete of gi nev  muls p na d 
cont ia ning a r osae n ba yl  llew  grad rgga de e o etag f g  ezis mumixam nevi w  evah lli

    

requi ementsr  of placing. nI  brie ,f  the effort in proportioning is to use  a  minimum 
amount fo  astep  and(  there oref  c ment)e  hatt  will ubricatel  the m ssa  while reshf  and 
after harden ngi  will indb  het  aggregate particles together nda  illf  ht  e  paces  between 
them. 

nyA  excess of paste involves greater c st,o  great re  drying  shrinkage, greater 
susceptibili yt  to ercolationp  fo  atew  r  nda  hereforet  ttacka  by aggr ssivee  wat rse  and 
weathering action. This si  achieved by m inimizingt he voids by oodg  gradation. 

Various Methods of Proportioning 
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pr itca c  ylla a atot tnatsnoc l etaw r con et tn  regardles  s o  f v ra iat oi ns ni  water c/ ement ra it o 
a dn  cement content, which are detalerretni ylirassecen .  

(b) It ma ek s su e of t eh  rel ta oi n ht at eht  po timum dry r ddo ed v lo ume of co ra se
aggreg eta  per tinu  volu em  fo  co cn er te depends on ti s m xa imum ezis  and eht  
fi senen s om d lu us of ht e etagergga enif  sa  detacidni  ni  elbaT  4.11  sseldrager  fo  

epahs  fo  .selcitrap  ehT  tceffe  fo  ytiralugna  si  detcelfer  ni  eht  diov  tnetnoc , suht  
an ralug  raoc se a setagergg  eriuqer  erom  ratrom  naht  ga esraoc dednuor g er g ta e.  

)c( evitcepserrI  fo  eht  sdohtem  fo  ,noitcapmoc  neve  retfa  etelpmoc
noitcapmoc  si  enod , etinifed a  egatnecrep  fo  ria  sniamer  hcihw  si  ylesrevni
lanoitroporp  ot  eht  umixam m ezis  fo  t eh  gga r .etage  

ehT  gniwollof  si  the rp o erudec  fo  im x ngised  ni  this  :dohtem
(a) Data to be collected :

i(  ) sseneniF  suludom  fo  detceles  .A.F

) ii(  .etagergga esraoc deddor yrd fo thgiew tinU

iii(  ) pS . ytivarg  fo  esraoc  dna  enif  setagergga  ni  DSS  itidnoc no

i( v) bA sor itp on hc arac et ristics of tob h oc ra se na d fi en  ga gregate .s

v(  ) S icep f ci  gra iv ty of ec men .t  

)b( morF  eht  muminim  htgnerts  ,deificeps  etamitse  eht  egareva  sed i ng  st er n htg
rehtie  by isu n  g   dradnats devia it on or by isu ng coefficient of variation. 

)c( dniF  the water/cem ne t r ta io f or m the ts ren tg h po ni t of vie .w  dniF  la os  the
water/cement ar it o from d ru ability p io nt of view. Adopt lo ew r v la eu  uo t fo  
st er gn th oc n is d re ta ion and libarud ity co sn id re ta ion. 

)d( ediceD  am x mumi  is ze fo  a tagergg e ot  eb  desu . G ene r lla y for R CC
work 20 mm  a dn  dessertserp  etercnoc  01  mm  ezis  era  .desu  

)e( D edice  row k iliba ty in smret  fo  pmuls  rof  eht  t epy  of boj  ni  .dnah

f(  ) ehT  latot  retaw  ni  m/gk 3 fo  etercnoc  si  daer  morf  lbat e 8.11  retne i gn  ht e
elbat  htiw  eht  detceles  pmuls  a dn  detceles  mumixam  ezis  fo  etagergga . elbaT  8.11  

osla  sevig  eht  etamixorppa  llatnedicca fo tnuoma y non ni ria deppartne - ia r-  deniartne
c cno r .ete  

g( ) C me ne t c no tent is computed by id viding ht e total water co tn en b t y the
water/c me e  tn r .oita  

h( ) ehT  ulov klub me rd fo y r ddo e  d c srao e ga gregate pe mulov tinu r e c fo no crete is
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es lected, for th  e ralucitrap  mumixam  ezis  fo  esraoc  etagergga  dna  ssenenif  suludom  fo  
enif  .etagergga

)j( ehT  ew i thg  fo  C A. . rep  cibuc  retem  fo  etercnoc  si  detaluclac  yb  gniylpitlum  eht
klub  .ytisned klub htiw emulov   

)k( T eh  s dilo  mulov e fo  c ao r es  a gg regate ni  o en  c bu ic meter of oc cn re et  is
calc lu ated by know gni  eht  cificeps  ytivarg  fo  .A.C  

) l(  ralimiS ly eht  dilos  emulov  fo  ,tnemec  taw er dna  emulov  fo  ria  si  c detalucla
ni  eno  cibuc  tem e o r f c no cre .et  

(m) ehT  s lo di  v lo ume of nas d is oc pm uted by us bt ar cting fr mo  t eh  total
volume of etercnoc  ergga esraoc ,tnemec fo emulov dilos eht g w ,eta a  ret a  dn

ia deppartne r. 

)n( thgiW  fo  enif  etagergga  si  detaluclac  yb  gniylpitlum  eht  dilos  emulov  fo  enif
gga etager   yb cificeps  ytivarg  fo  .A.F  

5. ba liated ni nialpxE o  tu t  eh m tercnoc fo dohte e m .ngised xi
 26201 SI( ngiseD xiM etercnoC fo dohteM dednemmoceR dradnatS naidnI – 2891 )

ehT  uaeruB  of In naid  ,sdradnatS  mmocer e dedn  a s te  fo  p erudecor  rof  sed i ng  of 
noc c eter  im x ylniam  esab d no  t eh  krow  od ne ni  lanoitan  .seirotarobal  ehT  im x 

ngised  p decor u ser  a er  derevoc  ni  SI  26201 – 28 . ehT  sdohtem  nevig  nac  eb  deilppa  
rof  htob  dem i mu  nerts g ht  dna  nerts hgih g rcnoc ht e erofeB.et  ew  rp o deec  htiw  

gnibircsed  th si  dohtem  pets  by pets , eht  gniwollof  trohs  sgnimoc  ni  siht  dohtem  era  
detniop  .tuo  emoS  fo  meht  evah  nesira  ni  weiv  fo  eht  noisiver  fo  SI  54 6– 0002  .  ehT
decorp u o ser f noc c im eter x sdeen ngised  na noisiver d t ta h op si i 0002( emit fo tn   )DA a 

ol ot demrof neeb sah eettimmoc D xiM fo rettam eht otni ko e is gn.  

i(  ) ehT  htgnerts  fo  tnemec  sa  elbaliava  in eht  tnuoc ry dot ay sah  gr tae ly 
devorpmi  ecnis  891 2  . 82 ehT - yad  rogetac ,F ,E ,D ,C ,B ,A fo htgnerts y  si tnemec fo

.deweiver eb ot  

 ehT ) ii( g nitcennoc hpar g  htgnerts tnereffid , er eb ot si C/W dna stnemec fo -
.dehsilbatse

iii(  ) ehT  hparg  gnitcennoc  28-day pmoc r evisse  erts n htg  fo  oc n terc e dna  C/W  
oitar  si   siht fi ,aPM 08 ot pu dednetxe eb ot g ih rof retac ot si hpar g nerts h g rcnoc ht ete. 

vi(  ) sA  rep  eht  noisiver  fo  SI  54 6– ,0002  ht e eerged  fo  ilibakrow ty si  ex desserp  
ni  smret  fo  pmuls  daetsni  fo  gnitcapmoc  tcaf o .r  sihT  stluser  ni  ahc n eg  fo  

seulav  ni  tse i itam n etamixorppa g  dnas  dna  retaw  stnetnoc  rof  lamron  etercnoc  pu  
ot  53  aPM  dna  hgih  erts n htg  rcnoc ete a vob e .aPM 53  

v(  ) In weiv  of eht  evoba  dna  rehto  egnahc s edam  ni  eht  siver ion fo  IS 54 6–
,0002  eht  xim  ngised  erudecorp  sa  dednemmocer  ni  SI  01 262– 28  si  deriuqer  ot  eb  
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.1 htgnerts evisserpmoC
rehto ynam secneulfni dna etercnoc fo seitreporp tnatropmi tsom eht fo eno si tI
htgnerts evisserpmoc naem ehT .etercnoc denedrah eht fo seitreporp elbabircsed

,ega cificeps a ta deriuqer  retaw lanimon eht senimreted ,syad 82 yllausu - oitar tnemec
deruc dna ega nevig a ta etercnoc fo htgnerts eht gnitceffa rotcaf rehto ehT .xim eht fo
wal s’maharbA ot gnidroccA .noitcapmoc fo eerged eht si erutarepmet debircserp a ta

c ylluf fo htgnerts eht retaw eht ot lanoitroporp ylesrevni si etercnoc detcapmo - tnemec
.oitar

.2 ytilibakroW
eht fo ezis eht era esehT .srotcaf eerht no sdneped deriuqer ytilibakrow fo eerged ehT

 noitcapmoc fo dohtem eht dna ,tnemecrofnier fo tnuoma eht ,detercnoc eb ot noitces ot
elbisseccani ro srenroc suoremun htiw noitces detacilpmoc dna worran eht roF .desu eb
deveihca eb nac noitcapmoc lluf taht os ytilibakrow hgih a evah tsum etercnoc eht ,strap

es leets deddebme eht ot seilppa osla sihT .troffe fo tnuoma elbanosaer a htiw .snoitc
.etis eht ta elbaliava tnempiuqe gnitcapmoc eht no sdneped ytilibakrow derised ehT

.3 ytilibaruD
.snoitidnoc latnemnorivne evissergga eht ot ecnatsiser sti si etercnoc fo ytilibarud ehT

erts wol naht elbarud erom yllareneg si etercnoc htgnerts hgiH eht nI .etercnoc htgn
era erusopxe fo snoitidnoc eht tub yrassecen ton si htgnerts hgih eht nehw snoitautis
retaw eht enimreted lliw tnemeriuqer ytilibarud eht ,lativ si ytilibarud hgih taht hcus -

.desu eb ot oitar tnemec
.4 tagergga fo ezis lanimon mumixaM e

rof tnemeriuqer tnemec eht si rellams ,etagergga fo ezis mumixam eht regral ,lareneg nI
retaw ralucitrap a - htiw sesaercni etercnoc fo ytilibakrow eht esuaceb ,oitar tnemec

sdnet htgnerts evisserpmoc eht ,revewoH .etagergga eht fo ezis mumixam ni esaercni
.etagergga fo ezis ni esaerced eht htiw esaercni ot

etagergga eht fo ezis lanimon eht taht dnemmocer 0891:3431 SI dna 0002:654 SI
.elbissop sa egral sa eb dluohs

.5 etagergga fo epyt dna gnidarG
 rof snoitroporp xim eht secneulfni etagergga fo gnidarg ehT dna ytilibakrow deificeps a

retaw - yreV .desu eb nac hcihw xim eb lliw renael gnidarg eht resraoC .oitar tnemec
eht ekam ot lairetam renif hguone niatnoc ton seod ti ecnis elbarised ton si xim nael

.evisehoc etercnoc

    

oF  r any deviationf romt his conditioni .e., when aggregate are moist or air dry or bone 
dry, correction hast o be applied on quantity of mixing water as wellt ot he aggregate. 

(h) The calculated mix proportions shall be checked by means of trial batches . 
Quantities of materialf or eacht rial shall be enoughf or atl eastt hree 150 mm size 
cub s ande  concret r equiredt o carry out workability test accordingt oI S: 1199–‘59.

6. What aret he Factors affectingt he proportioning of concrete mix?
The variousf actors affectingt he mix design are:
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.6 lortnoC ytilauQ
d ehT ehT .stluser tset ni snoitairav eht yb yllacitsitats detamitse eb nac lortnoc fo eerge

stneidergni xim eht fo seitreporp eht ni snoitairav eht morf stluser htgnerts ni noitairav
itset dna gniruc ,gnicalp ,gnixim ,gnihctab ni ycarucca fo lortnoc fo kcal dna ehT .gn

eb lliw rewol xim eht fo shtgnerts muminim dna naem eht neewteb ecnereffid eht rewol
tnemec eht - ytilauq sa demret si ecnereffid siht gnillortnoc rotcaf ehT .deriuqer tnetnoc

.lortnoc

    

Thet ype of aggregatei nfluences stronglyt he aggregate-cementr atiof ort he desired 
workability and stipulated water cement ratio. Ani mportantf eature of a satisfactory 
aggregatei st he uniformity oft he grading which can be achieved by mixing different 
sizef ractions.
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TINU - VI  

F  HSER   DENEDRAH DNA P OR P O SEITRE F ETERCNOC  
1. row enifeD ak b .ytili

ilibakroW ty si  eht  orp p re ty fo  etercnoc  hcihw  d senimrete  eht  tnuoma  fo  lanretni
krow  yrassecen  ot  ecudorp  luf l .noitcapmoc  tI  si  a aem s eru  htiw  hcihw  cnoc r ete  nac  be 

h ats rexim eht morf deldna g lluf lanif sti ot e y .egats detcapmoc  

2. eht tuo tsiL  eriuqer m noc hserf fo stne erc te.
a. ilibaxiM ty

b. ilibatS ty

c. tiliboM y

d. ytilibatcapmoC

e. ilibahsiniF ty

3.  eht tuo tsiL F otca r ?ytilibakroW gnitceffa s
a. Wa et r c tnetno

b. noitroporp xiM

c. ergga fo eziS g eta

d. pahS e ga fo g er ga et

e. fruS a erutxet ec

f. rG a gnid

g. erutximdA

4. ?ytilibakrow eht erusaem ot sdohtem eht noitneM

T pmulS.a e ts

.b F noitcapmoC ca rot

.c eeV - motsisnoC eeB e ret

.d lleK y tset noitarteneP llaB

.e F lbat wol e Te ts

.f nitarbiV g elbat

5. d fo seulav eht noitneM i  tnereff t py e ls fo ump.
• urT e pmuls - f mm521 ot pu r pot mo

• hS ea pmuls r  - f mm 051 ot pu r pot mo

• pmuls espalloC  - 051 - mm522
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6. uls fo egasu eht tuo tsiL m ulav p es

•  0 pmuls – ra mm 52 e esu d or ni a gnikam d

• 01  – il htiw snoitadnuof rof desu era mm 04 g tnemecrofnier th

•  05 - 9 rofnier lamron rof 0 c calp etercnoc de e biv htiw d ar noit

7. oc enifeD m otcaf noitcap r?

noitcapmoC  rotcaF  si  eht  oitar  fo  eht  thgiew  fo  laitrap ly pmoc a detc  ercnoc te
ot  eht  .dluom emas eht ni detcapmoc ylluf nehw etercnoc eht fo thgiew  

8. De sisnoc eeb eeV enif ot me ret

retemotsisnoC  si  desab  no  ycnetsisnoc  tset  hcihw  si  a lacinahcem  oitairav n fo  eht
elpmis  pmuls  tset  hcihw  sedulcni  noitanimreted  fo  t eh  row k iliba ty fo  

noc c M.eter e serusa  netsisnoc cy fo  etercnoc  in smret  fo  ti em  eriuqer d ot  mrofsnart  by 
iv b itar on a f utsur m fo  fr c a otni elpmas etercnoc hse y rednil  . V dellac si emit sihT B emit  .

9. fo esu eht si tahW  set noitarteneP llaB ylleK t

leK ly llaB  teneP r noita  dohtem  si  desu  ot  enimreted  eht  noitartenep  fo  a
irehpsimeh c la  latem  thgiew  otni  ylhserf  im x de  etercnoc , hw i hc  si  detaler  ot  eht  

ilibakrow ty of rcnoc eht ete. 

01 .  elbat wolf fo esu eht si tahW ?dohtem

wolF  lbat e acidni t se  oc n ycnetsis  na d enorp n sse  to segr .noitage  tI  si  desu  f ro
a rgg e tag e fo  mm04< ezis  . b denimreted si wolf ehT y D{ = - 001*}052/052 .

11 . itneM tcudnoc tset eht no e noc denedrah fo seitreporp eht tset ot d erc .et

a. rpmoC e nitseT noiss g aM c enih

b. nertS eruxelF g nitseT ht g aM c enih

c. L reta a retemosnetxE l

d. lisneT tilpS e Te ts

e. rts raehS eng ht

f. B rts dno eng ht

21 . ffa srotcaf eht tuo tsiL e  eht gnitc  htgnerts fo stluser et .ts
a. ga fo epahs dna eziS g ger a et

b. c fo noitidnoC a gnits

c. rutsioM e c noitidno

d. B nirae g noitidnoc

e. o etaR f gnidaol
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tpoda spets eht era tahW.31 e tnoc ot d r elb lo e .gnid

By nidda g tnemec erom

lenif erom gnisu yB y  tnemec dnuorg  

By  tnega gniniartne ria elttil gnisu  

By nisaercni g ga enif fo trap renif g er g eta  

By lreporp y minim gnisu dna xim eht gningised u titnauq m y .retaw fo  

D.41 e geS enif er .noitag
ehT  nednet cy fo  s ape r noita  fo  esraoc  etagergga  sniarg  morf  eht  etercnoc  

ssam  si  dellac  segrega noit .  

.gnideelb enifeD.51

cnednet ehT y lhserf fo ecafrus eht ot esir ot retaw fo y  sa nwonk si etercnoc dial
nideelb g.
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P B TRA  

1.  nialpxE ?ytilibakrow enifeD t otcaf eh r ffa s e ?ytilibakrow gnitc

Wor ibak l yti

ehT  irbul c noita  eriuqer d for h na d il ng oc ncrete uohtiw t rges e noitag , rof  
nicalp g tuohtiw  ssol  fo  ,ytienegomoh  rof  gnitcapmoc  htiw  eht  fo tnuoma  stroffe  htrof -

dna gnimoc  ot  hsinif  ti  yltneiciffus  ,ylisae  eht  ecneserp  fo  a niatrec  ytitnauq  fo  
retaw  si  fo  tropmi lativ an ec . ehT  ytilauq  fo  c rcno e et  sa sit f gniy  t eh  a evob  stnemeriuqer

si  mret ed sa  elbakrow  cnoc r ete  .  

srotcaF  Af gnitcef   ytilibakroW

elbakroW  etercnoc  si  eht  eno  hcihw  stibihxe  yrev  elttil  lanretni  noitcirf  neewteb  
elcitrap  dna  elcitrap  ro  hcihw  semocrevo  eht  lanoitcirf  ecnatsiser  dereffo  yb  eht  

krowmrof  su cafr e or re fni or ec ment c no tained in ht e c cno rete with just the 
a om unt of compact ni g efforts f htro co im ng. ehT  srotcaf  gnipleh  etercnoc  ot  evah  

erom  gnitacirbul  era noitcapmoc ysae gnipleh rof noitcirf lanretni ecuder ot tceffe   nevig
:woleb  

(a) Water C no te tn (b) Mix Pr po ort noi s

(c) Size of A rgg e ag t se (d) epahS  fo  setagerggA

(e) ecafruS  erutxeT  fo  etagerggA  f(  ) etagerggA fo gnidarG

)g( esU  fo  .serutximdA

(a) aW et r oC nten :t  W reta  tnetnoc  ni  a nevig  emulov  fo  ercnoc t ,e  liw l evah
ecneulfni tnacifingis no s  eht  ilibakrow ty. ehT  high re  ht e taw er noc t tne  ep r cibuc  tem er

fo  ,etercnoc  eht  higher will be ht e fl iu dity fo  concrete, whi hc  si  one of eht
mi op rtant caf tors aff tce ni .ytilibakrow g

)b( xiM  snoitroporP : tnemec/etagerggA  oitar  si  na  tnatropmi  rotcaf  fni gnicneul
wor ak bil ti y. hT e high re  t eh  a gg re ag te/cement ar tio, t eh  leaner si  t eh  concret .e  nO

rehto eht  ,dnah  ni  esac  fo  hcir  etercnoc  htiw  rewol  tnemec/etagergga  ,oitar  erom
etsap   si  ot yttaf dna evisehoc xim eht ekam ot elbaliava g b evi e krow rett a tilib y.

(c ) Si ez  fo  A gg re ag t :e  ehT  reggib  eht  ezis  fo  eht  ,etagergga  eht  ssel  si  eht  ecafrus  
dna aera  ecneh  ssel  tnuoma  fo  retaw  si  deriuqer  rof  gnittew  eht  ecafrus  dna  ssel  xirtam  

 ro etsap   si r rof deriuqe  cirbul a gnit  eht  ecafrus  noitcirf lanretni ecuder ot .  

(d) Shape of Aggrega et s: ehT  shape fo  ag erg ag t se  inf ul ences workab ili ty in good
mea us re. Ang lu ar, elongated or flaky aggrega et  makes t eh  c cno rete very ha sr h
w eh n compared ot  r uo nded a rgg egates or cu cib al hs ap de  aggregates. Co tn ribution
to  retteb  o ytilibakrow f dednuor  etagergga  lliw  emoc  eht morf  taht tcaf  rof  eht  nevig
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emulov  ro  weight it iw ll vah e less s ru f ca e ar ae  and el ss sdiov  ht na  na g lu ar or f al ky 
a gg regate.  
(e) Su fr ca e Te utx r :e  T eh  inf ul e ecn  of surfa ec  t txe eru  on worka ib l yti  is again d eu  ot  eht

tcaf  ht ta  eht  latot  ecafrus  aera  fo  hguor  derutxet  etagergga  si  mo er  naht  eht  ecafrus
aera  fo  htooms  dednuor  etagergga  fo  emas  lov u .em  A re ud ction of i tn er ap r elcit

rf ci t anoi l b dereffo ecnatsiser y gga htooms r ge a  set a ih ot setubirtnoc osl ghe ow r rka tilib y. 
( )f Grading fo  Aggregat se : T sih  is eno  of ht e factors which w li l ha ev  maximum

tilibakrow no ecneulfni y. A w lle  grad de  aggrega et  is ht e eno  whi hc  has l ae st ma o tnu
of ov ids in a given vol mu e. gerggA a et  selcitrap  lliw  edils  tsap  ae ch rehto  w ti h eht
lea ts  am uo nt of compacti gn  effor .st  ehT  retteb  the gr da ing, the less si  the void

netnoc t dna  ilibakrow eht rehgih ty  . ehT  evoba  si  eurt  rof  eht  nevig  tnuoma  fo  etsap
.emulov

 fo esU)g( A imd x :serut  rotcaf tropmi tsom eht ,evoba denoitnem srotcaf eht lla fO  cihw h
fa cef st  the ow rkability is ht e use of da m xi tu er s. I o pmuls laitini taht deton eb ot si t f
noc crete mix ro  wh ta  is ac dell  ht e s ul mp of r fe e er n ec  m xi  s uoh ld be a ob ut 2 ot  3 cm

ot  ynam pmuls eht ecnahne  dlof  ta  a muminim  .ezod  enO  dluohs  etalupinam  rehto
srotcaf  ot  iatbo n laitini  pmuls  fo  2 ot  3 cm ni  eht  nerefer ce m xi . W tuohti  aitini l uls mp

fo  2 –n 3 ,mc  eht  ytilibakrow  nac  eb  desaercni  ot  rehgih  level  tub  ti  seriuqer  rehgih
egasod  – ecneh  acimonocenu l. Use fo  air- tne r gninia  agent b ie ng surface- ca t vi e, re ud ces

t eh  ni et rn la  fric oit n  ewteb en ht e p tra icles. yehT  osla  tca  sa  laicifitra  nif e setagergga  fo  yrev
ooms th ecafrus .

2. krow rof tset eht nialpxE a ytilib ?

saeM u emer nt of Workability

oW rka ib lity of c no rc ete is a complex pro ep tr y. suoremuN  stpmetta  evah  neeb  
edam  b am y yn  hcraeser  srekrow  ot  ylevitatitnauq  erusaem  siht  tnatropmi  dna  lativ  

ytreporp  fo  tercnoc e. emoS  fo  eht  ,stset  erusaem  eht  sretemarap  yrev  esolc  ot  
ytilibakrow  dna  pro iv de su ufe l i fn ormatio .n  ehT  fo ll owing te ts s are c mmo only 

pme lo dey  ot  saem u tilibakrow er y 

(a) Slump Te ts

(b) gnitcapmoC  Fa rotc  tseT

(c) F ol w tseT

(d) ylleK  llaB  tseT

(e) eeV  eB e otsisnoC m te er T .tse
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removed fr mo  ht  e oncretec  mmediatelyi  yb  aisinr  g  ti  lowls  y  nda  arefullyc  ni  a  vertical  
irection.d  hisT   llowsa  het  concr tee  t  o subside. hiT  s subsi enced  si  referr de  a  s  SLUMP 
of concrete. heT   ifferenced  ni  l vee  l etweenb  het  eighth  fo  het  ouldm  nda  hatt  fo  the  
ighesth  oinp  t fo  het  ubsideds  oncretec  si  easuredm  .  hisT  ifferenced  ni  eighh  t  ni  mm.  
si  tak  ne  a  s Slump  o  f Concrete. S earh  slump also indicates that t eh  concrete is non-
cohesive and howss  the characteris ci  o  ft segregation. tI  si  ees  n  hatt  het  lumps  estt  gives 
airlyf  oodg  onsistentc  esultsr  orf  a plastic-mix. hiT  s estt  si  on  t sensitive for a stiff-mix. nI  case  
o  f dry- ixm  , n  o ariatiov  n  anc  be detected between mixes fo  ifferend  t  workability. In the 
case of rich mixes, the aluev  is often satisfactory, their slump being sensitive to 
variationsi n workability.  

K-SLUMP TESTER

tI  anc  eb  seu  d to measuret he slump directlyi n one minute aftert het esteri s 
nsertedi ni  het  reshf  oncretec  ot  het  evell  fo  het  loaterf  disc. T ish  stee  r  anc  also be used 
ot  easurm  e  het  elativer  orkabilityw  .  A chrome latedp  stee  l ubet  ithw  ex ernalt  and 
nternali  diamete sr  of  1.9 nda  .61  c  m respectively. heT  ubt  e si  2  5  mc  onl  g  nda  its 
owerl  artp  si  seu  d  ot  akm  e  het  est.t  heT  engtl  h fo  hist  pa tr  si  15.5 mc  which  
ncludesi  het  olids  onec  hatt  facilitates inserti gn  thet ubei ntot he concrete. 

woT  t pesy  fo  openin sg  ra  e  rovidep  d ni  hit  s  art:p  4 ectangularr  lotss  5.1 
mc  onl  g  nda  .80  c  m  idw  e  nda  22  ounr  d  olesh  0.64 mc  i  n  iameterd  ;  all these 
openin sg  a er  distributed uniformly int hel ower part.  

A iscd  loaterf  6 mc  i  n diameter nda  0.24 cm in t  icknessh  which divides 
t eh  ubt  e intot wo parts:t he upper part serves as a handle andt hel ower onei sf or 
test ngi  as alrea yd  mentioned. heT  iscd  ervess  lsoa  to prev nte  the estert  from 
sinking into het  concr tee  beyondt he preselectedl evel.  

A ollowh  lasticp  odr  1 3.  mc  i  n  iameted  r  and 52  mc  onl  g which 
co tainsn  a raduatedg  cales  ni  entimetersc  .  hisT  odr  anc  ovem  freely nsidei  het  tube 
nda  anc  eb  seu  d  ot  easurm  e  het  h ighte  of ortam  r hatt  lowsf  into het  ubet  and 
sta sy  ther  .e  hT  e  or  d si  luggep  d  ta  ea  hc  ne  d with a lasticp  apc  ot  preve tn  concrete  
or any other ateriam  l romf  seeping inside.  

nA  luminiuma  apc  3 mc  iameted  r  nda  2. 52  mc  lo gn  whi hc  ah  s a little 
oleh  nda  a crews  hatt  anc  eb  seu  d  to ets  na  d  djusa  t het  eferencer  eroz  fo  the  
appar tus.a  hereT  si  lsa  o int he upper part fo  het  ube,t  a mals  l inp  hicw  h si  seu  d to 
upports  het  easurinm  g odr  ta  het  beginning oft he test . Thet otal weight oft he appar ta us 
is 226 g. 

Thef ollowing procedure is used: 

(a) Wet h t ester with water and shake offt he excess.
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ils tlit ,dor gnirusaem eht esiaR)b( g lth y col nip eht no tser ti tel dna a eht edisni det
.retset

)c( nI s tre  eht  retset  no  the dellevel  ecafrus  fo  oc n eterc  v lacitre ly d nwo  nu t li  eht  csid
etaolf  stser  rus eht ta f ca e ht fo e c rcno e et  . nivomer ro gnitresni elihw etator ton oD g eht

.retset

)d( retfA  06  ,sdnoces  lo rew  eht  irusaem ng dor  wols ly litnu  ti  tser s no  eht  ecafrus  fo  eht
etercnoc  K eht daer dna ebut eht deretne sah taht - id pmulS ltcer y eht fo elacs eht no
nirusaem g .dor

nirusaem eht esiaR)e( g .nip sti no tser ti tel dna niaga dor

)f( vomeR e eht  retset  rf om eht  etercnoc  v lacitre ly pu  dna  a niag  ewol r eht  irusaem ng
dor  wols ly sehcuot ti llit  ni deniater etercnoc eht fo ecafrus eht  t ebut eh  dna  daer

ilibakrow ty )W(  tcerid ly no  ht fo elacs eht e em a nirus g r do .

ehT  K- pmuls  sutarappa  si  ev ry ,elpmis  p ,lacitcar  dna  lacimonoce  ot  esu , b hto  ni  eht  
dleif  dna  eht  rotarobal y. ehT  K- pmuls  retset  ac n eb  desu  to rusaem e uls mp ni  no e 

min etu  ni  c ly i dn e ,sr  leehw ,stekcub,sliap - na ro sbals ,sworrab y  noitacol derised rehto
rcnoc hserf eht erehw e decalp si et .  

 TSET ROTCAF GNITCAPMOC

ehT  gnitcapmoc  rotcaf  tset  si  dengised  iramirp ly rof  esu  ni  eht  otarobal ry b tu  ti  nac  
osla  eb  desu  ni  eht  dleif . tI  si  om re sicerp e dna  s evitisne  ht an eht  pmuls  tset  dna  si  

ap r ralucit ly us lufe  rof  etercnoc  sexim  fo  yrev  l wo  ilibakrow ty sa  era  lamron ly desu  
nehw  etercnoc  si  ot  eb  detcapmoc  by rbiv a noit  . d hcuS r  ot evitisnesni era etercnoc y

s tset pmul .  

ehT  eerged  fo  oitcapmoc ,n  dellac  eht  gnitcapmoc  rotcaf  si  derusaem  by ht e ned sity 
oitar  ,.e.i  tisned eht fo oitar eht y llautca y tisned ot tset eht ni deveihca y  emas fo

lluf etercnoc y .detcapmoc  ehT  elpmas  fo  oc n erc te ot  eb  detset  si  decalp  ni  the reppu  
ppoh er pu  ot  eht  irb m ehT .  art p- rood  si  denepo  os  taht  eht  etercnoc  sllaf  otni  eht  rewol  

.reppoh  nehT  eht  art p- od or fo  eht  rewol  reppoh  si  denepo  dna  ht e oc n terc e si  dewolla  
ot  llaf  otni  the c nily de .r  nI  eht  ac se fo  a rd y- im x, it si  li ek l am etercnoc eht taht y y  ton

 gninepo no llaf part eht - rood  . s nI u hc  a ac s ,e  a thgils  p gniko  by a dor  may be deriuqer  
ot  tes  cnoc eht r ete  ni  hT .noitom e ssecxe  etercnoc  gniniamer  evoba  eht  pot  level  fo  

eht  yc l redni  is neht  tuc  ffo  htiw  eht  pleh  fo  sedalb enalp  deilppus  htiw  ht e 
appa r .suta  ehT  edistuo  fo  eht  c ednily r si  depiw  .naelc  ehT  oc n terc e si  dellif  pu  
tcaxe ly otpu  eht  pot  level  fo  eht  nilyc d .re  tI  si  ew i dehg  ot  eht  tseraen  01  .smarg  sihT  
thgiew  si  nwonk  sa  thgieW―  fo  yllaitrap  detcapmoc  etercnoc .  
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3. Explain segregation and Bleeding?

Segregation

egregationS  anc  eb  efined  d  sa  the separation fo  the constituent materials of 
concrete.  A good concrete is one in which all the ingredients rea  properly 
istributedd  ot  akm  e  a homogeneous mixture. If a sample of concre et  exhibits a 
tendency f ro  separation f sa ,y  oarsec  ggregatea  romf  het  estr  fo  het  ingredients, 
hen,t  hatt  amples  si  ais  d  ot  b  e  showing the tendency for segrega ion.t  Such 
concrete is on  t nlo  y  oingg  ot  b  e  eakw  ;  ackl  fo  homogeneity is also going toi nduce 
all undesirable propertiesi nt he hardened concrete.  

A well m dea  concrete, ta ingk  into considera iont  var ousi  paramete sr  ucs  h as grading, 
size, hapes  nda  urfaces  exturet  fo  ggregatea  ithw  ptimuo  m uantityq  fo  aterw  s  akem  s a 
ohesivec  ixm  . ucS  ch o crete wiln  l not exhibit any tendency for segregation. The 
ohesivec  nda  fatty characteristi sc  o  f matrix od  on  t  lloa  w het  ggregatea  ot  alf  l  part,a  at 
het  ames  ime,t  t eh  matrix itself si  sufficiently contained by the aggregate. 
Similarly, wa ert  also does not findi t easy to move out freely from the rest of the 
ingredients.

heT  onditionsc  avorablef  orf  egregations  re,a  , the badly propo tionedr  im  x where  
ufficients  atrim  x si  not the er  ot  bind and contain t eh  aggregates. Insufficiently 
ixedm  oncretec  with ex essc  atew  r ontentc  shows a higher tendency for 
segregation. Dropping of concr tee  rf om heights asi nt he case of lacin gp  oncretec  in 
co umnl  oncretingc  ilw  l esulr  t in segregation . 

heW  n oncretec  si  ischarged  d  romf  a adlyb  esignedd  ixerm  , ro  romf  a ixem  r with 
ornw  ut blades,o  concr tee  shows a tendency orf  s gregation.e  onveyanceC  of 
con retec  by conve ory  b lts, wheee  l arrow,b  ongl  istanced  haul by umper,d  long lift by 
skip nda  oisth  rea  het  thero  situati nso  romotinp  g egregations  fo  concrete. Vibration of 
concre et  is  one of the important methods fo  compaction. It should eb  remembered 
that only comparatively dry m xi  sho  ldu  be  vibrated. I  t  too  ew  t a  mix  i  s excessively 
vibrated, ti  is  like yl  that t eh  concrete gets segregated. 

A ohesivec  im  x oulw  d  educer  het  endencyt  orf  egregation.s  oF  r hit  s eason,r  use 
fo  ertainc  orkabilityw  gentsa  and pozzolanic aterial sm  greatly elph  ni  reducing  
segregation. heT  su  e of air- ntrainine  gg ena  t appreciably reduces segrega iot n. 
Segrega iont  si  diffic ltu  to  measure quantitatively, ub  t i  t  anc  eb  asile  y  bservedo  ta  the  
imet  fo  oncretingc  operation. heT  p ta ernt  of subsidence o concretef  ni  lums  p  estt  or 
het  atternp  fo  spread ni  het  lowf  estt  ivesg  a airf  deai  fo  het  ualityq  fo  concrete with 
respect os egregation. 
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Bleeding 
Bleeding is sometimes referred as wat re  gain. tI  si  a  articulap  r  ormf  fo  segr gation,e  in 
hich somew  fo  het  atew  r romf  het  oncretec  omesc  uto  t  o het  surf cea  of the concrete, 
being of the lowest specific gravity amo gn  all  the ingredients  of  concrete. Blee ind g is 
predominantly observed ni  a  hig lyh  ew  t mix, badly p oportionedr  nda  insufficiently 
mix de  concr te.e  nI  hint  emberm  s ikel  oof slabr  ro  oadr  labs ands  henw  oncretec  is 
lacedp  ni  unns  y  eathew  r hows  xcess vee  bleeding. ueD  t  o leedingb  , wa ert  comes pu  and  
accumulates at the surface. ometimesS  a on, gl  ithw  this aterw  , ertainc  uantityq  o  f cement  
lsoa  omesc  ot  ht  e surface. heW  n het  urfaces  si  orkew  d  pu  itw  h  ht  e rowelt  andf loats, 
the aggregate go se  owd  n  and het  cement nda  atew  r omec  up to het  opt  surface. 
Th si  format oni  fo  cement paste at the surface  is  known as Laitance  . ateW  wr hile 
traversing f omr  bottom ot  to  ,p  ma  esk  continuous channels  fI  the  water cement 
ratio used si  more than 0.7, the bleeding channels will remain continuous and 
unsegmented by the development of gel. hisT  continuous bleeding channels 
are oft ne  esponsiblr  orf  e ausingc  permeability oft hec oncretes tructures.  

While the mixing water is in the process fo  coming up, it may  be  
intercepted by aggregates. The bleeding water is likely to accumulate 
below the aggregate. This ccumulatioa  fo  atn ew  r  reatesc  atew  r oidsv  nda  reduces 
het  ondb  betw ene  het  ggregatesa  nda  het  paste. T eh  a  oveb  aspect is more pronounced 
in the case of flaky aggregate. S milarly,i  het  atew  r hatt  ccumulatesa  elowb  the 
einforcingr  ars,b  articularlyp  elowb  het  rankedc  ars,b  educesr  het  ondb  etweenb  the 
einforcementr  nda  het  concrete. The poor bond between the aggregate a dn  the paste or 
t eh  reinforcemen  t nda  the paste due ot  bleeding can be remedied by revibra iont  of 
concrete. heT  ormatiof  n  fo  aitancel  nda  ht  e  onsequentc  adb  effect anc  be 
reduced yb  delayed finishing operatio s . n

Bleeding ater  increases ithw  imt  e  pu  ot  about neo  hour or so and thereafter 
the rate ecreasesd  ub  t ontinuec  s  orm  e ro  essl  illt  ht  e  inalf  ettings  imet  of 
cement. leedingB  si  an  inherent henomenonp  ni  concrete. lA  l het  ame,s  ti  anc  be 
educedr  by prop re  proportioni gn  and uniform and complete mixing. The bleeding is 
not completely harmful if the ra et  of  evaporation of water fr mo  the surface is 
equal to the rate of bleeding.  

ethodM  of esT  t f ro  leedinB  g of Concrete 

This method covers determination of relative quan ityt  of mix ngi  water that will bleed 
from a sample of freshly mixed concr tee   A ylindricac  l ontainerc  fo  pproximatela  y  .010  m3 
apacity,c  avingh  na  nsidei  iameterd  fo  250 mm  a dn  ins dei  heig th  o  f  802  mm is used. A 
tam ingp  arb  sim lari  ot  t  eh  no  e used for slump test is used.  pipetteA  for drawing offf ree 
atew  r fromt he surface, graduate da  jar of 100 cm3 apacit yc  si  req uired for test.   

A sam lep  of  freshly mixed concre et  is  obtained. heT  oncretc  e si  illedf  ni  5  0 mm  
ayerl  orf   deptha  fo  502  ± 3 mm  (5  ayersl  )  nda  ache  lay re  si  ampedt  by ivingg  strokes, 
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titnauq latoT = egatnecrep retaw gnideelB y nideelb fo g retaw  01 X 0 

titnauq latoT y  etercnoc ni retaw fo

nialpxE.4  edrah dna hserf fo seitreporp eht n ?etercnoc de

TREPORP I ETERCNOC HSERF FO SE

ehT  hserf  cnoc r ete  or p citsal  tercnoc e si  eht  ni iti la  egats  of oc n terc e pe doir  
dna  it is detnuoc  morf  eht  im x gni  egats  llit  ti  si  ,detropsnart  ,decalp  tcapmoc ed 
dna  dehsinif  ni  th .noitisop e  ehT  hserf  oc n eterc  tsum  tas isfy eht  f gniwollo  

iuqer r .stneme  laedI  eriuqeR m stne  rcnoC hserF fo e  et  

i. tilibaxiM y

ehT  xim  dluohs  eb  elba  ot  ecudorp  a moh o eg n suoe  dna  mrofinu  erf sh ercnoc te 
morf  ht e eht rednu hctab hcae fo slairetam tneutitsnoc  nixim fo noitca g rof ec s.  

ii . tilibatS y

ehT  xim  dluohs  eb  elbats  gninaem  ereht by ti  dluohs  ton  agerges te gnirud  
psnart o gnitr  and cnednet eht osla dna gnicalp y muminim eb dluohs gnideelb eht fo  .

ii i. tiliboM y ytilibawolF/

ehT  im x dluohs  eb  elibom  one u hg  ot  nuorrus d lla  tnemecrofnier  tuohtiw  gnivael  
any diov s w sa dniheb e letelpmoc ot sa ll y krowmrof eht llif . 

vi . tilibatcapmoC y
ehT  xim  dluohs  eb  elbanema  ot  reporp  dna  t oroh u hg  muminim  tcapmoc ion ni to a

esned  pmoc a tsixe eht rednu etercnoc tc ing  seitilicaf etis ta noitcapmoc fo .

v. ilibahsiniF ty

fsitas dna mrofinu a niatbo ot elba eb dluohs tI y .hsinif ecafrus gni

ETERCNOC DENEDRAH FO SEITREPORP

ehT  tercnoc e si  a b cisa  emirp  gnidliub  am t laire  ceb a esu  fo  v suoira  orp p seitre  ieb ng 
sop s desse  gnirud  sti  enedrah d etats  hcihw  strats  morf  the d ya  ti  sniatta  eht  lluf  

    

nda  het  top surface si  adm  e  mooths  yb  trowelling. 
The test specimen is weighed and the  weig  th  of  the concrete is noted. nowingK  the 

otalt  water content in 1 m3 fo  concrete quantity fo  water in the cylindrical container 
si  also calculated. The cylindri alc  container is kept in a level surf cea  free from vibration at 
a temperature o  f 7°C2  ± 2°C. ti  is  covered with a lid. ateW  r ccumulateda  at the t  po  is  
rawnd  by m anse  of pipette at 01  minutes interval for the first 04  minutes a dn  at  30  
minutes interval subseque tlyn  till bleeding ceas s .e oT  acilitatf  e  ollectionc  fo  leedingb  water 
het  ontainerc  am  y b  e lightls  y  ilted.t  Allt he bleeding water collectedi n aj ar.   
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sed i deng  erts n htg  ot  eht  fil sti fo dne e  .  seitreporp suoirav eht ,etercnoc denedrah roF
redisnoc deen hcihw a ra noit e a .swollof s

(A NERTS) G HT

a. rpmoC e nerts eviss g ht

b. lisneT e rts eng ht

c. rts laruxelF eng ht

d. ehS a rts r eng ht

e. B rts dno eng ht

(B tilibaruD) y

)C( I ytilibaemrepm

nahC lanoisnemiD)D( g se

(a) ticitsalE y

)b( hS r egakni

(c) rC eep

)d( mrehT a pxe l a noisn

(e) Fa it g eu

)E( F ri e Re natsis ce

ETERCNOC FO HTGNERTS

ehT  htgnerts  fo  etercnoc  si  eht  tsom  tnatropmi  reporp ty sa  raf  sa  utcurts r la  
sngised  era  c no ec nr e .d  tceridnI l ,y  ti  sevig  eht  aedi  fo  rehto  seitreporp

repmI( m ilibae t ,y  ilibarud t ,y  raew  ecnatsiser  )cte  .osla  A gnorts  oc n erc te si  erom  
,esned  ,tcapmoc  repmi mea elb  dna  tnatsiser  ot  gnirehtaew  dna  c lacimeh  .skcatta  

gninaeM  ybereht , eht  ts ren htg  fo  oc n erc te ig v se  na  llarevo  aedi  fo  sti  .ytilauq  htgnertS  
fo  etercnoc  si  denifed  sa  eht  iliba ty ot  tsiser  ecrof  dna  rof  tcurts u lar  ,sesoprup  ti  si  

nekat  sa  eht  tinu  ecrof  eriuqer d ot  esuac  erutpur  hcihw  may be desuac  by 
rts raehs ,sserts laruxelf ,sserts elisnet ,sserts evisserpmoc e rts dnob ,ss e te ss c.  

oC m  etercnoC fo htgnertS evisserp

ehT  evisserpmoc  ts rength fo  etercnoc  is edisnoc r de  ht e cisab  carahc t re  of eht  
cnoc r tneuqesnoC.ete l ,y  ti  si  onk wn sa  eht  arahc citsiretc  evisserpmoc  htgnerts  fo  

ercnoc te (fc )k  hcihw  si  denifed  sa  taht  eulav  b wole  hcihw  ton  erom  ht an evif  tnecrep  fo  
tset  ser ults era  ex detcep  ot  llaf  desab  no  :SI  654 - .0002  nI  siht  noitinifed  eht  tset  

stluser  era  b desa  no  1 05  mm  ebuc  uc r de  ni  u retaw redn  fo .pmet  72  ± C°2  rof  82  
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rahc ehT• a itsiretc c c fo s e .tnem

rahc ehT• a ga fo seitreporp dna scitsiretc g ger a .set

ed ehT• g apmoc fo eer c noit

cneiciffe ehT• y gniruc fo

gA• e nitset fo emit eht ta g.

t fo snoitidnoC• e nits g.

taW re  - meC e  tn R oita

ehT  retaw  - ec m tne  ,oitar  denifed  sa  eht  oitar  of eht  ssam  of free taw er e.i(  .
gnidulcxe  ht at debrosba  by the )etagergga  ot  taht  of c tneme  ni  a im x, si  eht  som t 

im tnatrop  otcaf r taht  slortnoc  eht  erts n htg  dna  many o reht  rp o seitrep  fo  .etercnoc  nI  
ecitcarp , siht  itar o seil  eneg r la ly in eht  egnar  fo  53.0  ot  ,56.0  hguohtla  eht  erup ly 

mehc i lac  iuqer r tneme  f( or eht  esoprup  fo  etelpmoc  hy lno si )tnemec fo noitard y  tuoba
52.0  . ehT  evisserpmoc  erts ngth fo  etercnoc  ta  a vig en ega  and rednu  no lamr  

,erutarepmet  sdneped  irp yliram  no  c/w  ;oitar  rewol  eht  c/w  ,oitar  aerg t re  si  eht  
evisserpmoc  htgnerts  na d v eciv e sr a. sihT  saw  tsrif  ne u detaicn  by smarbA  sa  S = 

erehw  S si  eht  visserpmoc e ,htgnerts  w/c si   retaw - lluf a fo oitar tnemec y  detcapmoc
ipme era 2 K dna 1 K ,xim etercnoc .stnatsnoc lacir  

nI  day- ot -day ,ecitcarp  eht  stnatsnoc  K 1 dna  2K  era  ton  aulave t de , 
daetsni  pihsnoitaler eht  neewteb  co evisserpm  erts n htg  dna  c/w  oitar  era  detpoda  

w hcih  ra e desoppus  ot  eb  dilav  rof  a ediw  ar n eg  fo  .snoitidnoc  tceffE  fo  retaw  -
tnemec  tar oi  no  evisserpmoc  htgnerts  ta  tnereffid  .sega  A der u noitc  ni  eht  taw er 

c tneme  r oita  eg n lare ly r stluse  ni  an desaercni  ilauq ty fo   ,htgnerts fo smret ni etercnoc
tisned y tilibaemrepmi , y cte peerc dna egaknirhs decuder ,  .  

    

aysd  nda  tes edt  ni  het  most aturateds  condit oni  nderu  irectd  compression. 

theO  r stren thg  viz, irectd  ensilet  tress,s  flex rau  l tress,s  hears  str sse  and bond 
tresss  lsoa  rea  directly proportional ot  het  ompressivec  str ss.e  Higher si  the  
compr ssivee  tress,s  high re  si  other stresses also. Not only stresses, other properties 
for example modulus of elasticity, ab asionr  nda  mpacti  esistances,r  durability rea  also  
akent  ot  b  e  elater  d  ot  het  compress vei  trength,s  hen e,c  the compressive strengthi s an 
index of overall quality of concrete. 

Factors Affecting Compressive Strength 

mongA  het  aterialm  s and mix ariables,v  atew  r - ementc  ratio si  het  osm  t important 
arameterp  overningg  het  compress vei  trength.s  esidesB  /CW  atior  , following 
actorsf  lsoa  ffeca  t het  compressive strength. 
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• nerts g etagergga fo ht

• nerts g om fo ht r rat

• rts dnob eng wteb ht ga dna ratrom nee g ger a et

ehT  htgnerts  fo  etagergga  si  lamron ly retaerg  t nah  eht  erts n htg  fo  om r rat  dna  dnob  
teb w nee  ratrom  dna  .etagergga  ehT  erts n htg  fo  ratrom  d sdnepe  nopu  c/w  r oita  

saerehw  dnob  wteb e ne  ratrom  dna  etagergga  d sdnepe  nopu  eht  erts ngth fo  m ratro  
dna  eht  is z ,e  ,epahs  et x erut  dna  gnidarg  fo  etagergga . regraL  mumixam  ezis  fo  

esraoc  a gg r etage  ig v se  rewol  pmoc r evisse  nerts g  fo ht c rcno e et  .  dniheb snosaer ehT
ma  y b .swollof sa detats e  ehT  l gra er am xim mu  size agergga te evig s rewol  su ecafr  

aera  rof  d tnempoleve  fo  leg  dnob  hcihw  si  elbisnopser  rof  rewol  erts n .htg  
agerggA t se  fo  rellams  ,ezis  ralugna  etagergga  etagergga dna  fo  or u hg  ecafrus  

et x erut  sedivorp  erom  ecafrus  aera  dna  om re noitpmusnoc  of cneh dna tnemec e rom e 
rts dnob eng .ht  Bi regg  etagergga  is ez  sesuac  a erom  h rete o eg n ie ty in eht  etercnoc  

dna  siht  stneverp  mrofinu   daol fo noitubirtsid whe rts n e .dess  roF  lar reg  is ze a gg r etage  
eht  noitisnart  enoz  semoceb  hcum  we eka r d eu  ot  tnempoleved  o  skcarc orcim f

    

he probableT  reason, why lower /cw  ra iot  ivesg  h gheri  stren thg  fo  concrete may 
eb  ounf  d  yb  onsiderinc  g  het  ceme tn  ormsf  a astep  ithw  atew  r nda  ti  si  hist  astep  that 
indsb  het  ifferend  t articlesp  fo  ggregatesa  .  oS  hicket  r  si  het  onsistencyc  fo  het  paste, 
reaterg  si  tsi  indinb  g propert y  Another easonr  si  hat  t  het  uantityq  of atew  r required 
orf  hemicac  l combi- ationn  si  very mals  l about(  5%2  fo  het  weight o  f cement)  
compa edr  ithw  hatt  equiredr  orf  workability nda  het  ex essc  water ultimately on 
evaporationl eaves pores. 

heT  reaterg  si  het  excess of w  ter,a  reaterg  si  loss fo  strength nda  atew  r -
ightness.t  The ensilet  trengths  nda  bond trengths  ithw  tees  l od  on  t  ecreasd  e with 
ncreasei  ni  /w  c  atir  o  ot  het  ames  xtente  sa  compres ives  trengths  do s.e  aS  y with  
ncreasei  ni  /w  c  atir  o  romf  .50  t  o  .60  ,  het  dec easer  ni  ensilet  trengths  nda  bond 
trengths  si  0%1  utb  ecreasd  e ni  compressive trengths  si  boua  2t 5%. 

Characteristics and properti s ofe  cement 

Thet ype of cement andf ineness of cement affect he strength of concrete. With 
respect to Ordinary ortlordP  ceme tn  OPC)(  ,  apidR  ardeningH  ortlandP  Cement 
RHPC)(  and owL  eaH  l ortlandP  emenC  t (141- PC)1  iveg  igherh  nda  owerl  strength 
respectively. heT  rate fo  aig  n  fo  trengths  ependsd  ntirelye  ponu  fin nesse  fo  the  
ement.c  Fin re  emenc  t  increas se  het  rate fo  ydrationh  ndA  hydrolysis hichw  results 
ni  early evelopmend  t fo  strength hought  the ultimate strengthi s not affected. 

Characteristics And Properties Of Aggregates 

The strength of concretei s governed by 

    

ww civi t
o row

https://civinnovate.com/civil-engineering-notes/



48  

    

whichr esulti nl ower compressive strength. 

The degree of compaction  
igheH  r si  het  ompactionc  fo  freshly mix de  oncretec  , more si  het  reduc iont  fo  the  
oidsv  and consequently greateri st he compressive strength of concrete. 

The efficiency of curing 

uringC  si  het  amen  given ot  rocedurep  s  sedu  orf  promot ngi  het  hydr tiona  of 
cement, nd consisa  t fo  a  ontroc  l  fo  temperature nda  fo  het  oisturem  ovemenm  t from 
nda  ntoi  the oncc rete.  

Hydration of cement akes placei n capillariesf illed with water. 

By keeping concrete aturated,s  ossl  fo  atew  r  by evapor tiona  fr mo  the 
capil ariesl  si  reventep  d  nda  ossl  fo  w  tera  by self desic ationc  due(  ot  het  chemical 
eactionsr  fo  hyd  ationr  fo  cement) from outside.

Cuing should be continued until the originally water filled spacei n the fresh 
cement astep  ash  eeb  n illedf  by product o  f hyd  ationr  ot  het  des redi  ex ent.t  Curing 
temp raturee  houlds  be f omr  23°t o 30°C( 27°C average). 

heT  curing usm  t eb  adeq ateu  ta  favorablet emperature o rf  suff cienti  eriodp  which 
elpsh  n attainingi  het  max mumi  trengths  nda  other desirab el  ropertiesp  .  geA  of 
Concrete heT  stren thg  of concretei ncreases with age as the hydration of cement 
prolongsf or a considerablet ime. 

Conditions f  Teo sting

fteA  r adequ tea  cur ni g, the concr tee  mould si  estedt  ni  het  oism  t saturated 
condition ith surfacew  ipedw  uto  ndeu  r d recti  ompression.c  heT  trengts  h fo  oncretec  is 
nfluencedi  by moisture ontentc  ta  het  imet  fo  estingt  ,  because oisturem  ontentc  in 
oncretec  provides ubricationl  ffecte  andr educest he strength when compared with dry 
sample.Strength in dry sample = 1.10 to 1.20 times the strength of the saturated 
sample. 

Strength of Prism Vs 150 mm Strength 

heT  ch racteristica  stren thg  o  f con retec  fck)(  si  b  seda  no  150 mm cube b tu  if it is  
estedt  no  th  prisme  ouldm  , het  stren thg  o  f  rismp  specimen decreases ithw  inc er  sea  in  
he ghti  ot  the ides  ratio and stabilizes whent hisr atioi s 5. Variation ni  trengtS  h with 
Size fo  Cubes heT  haracteristicc  trengths  fo  co  creten  si  aseb  d  no  50mm1  ubec  ub  t the  
strength o  f concr tee  determined hrought  het  cube specim ne  ariev  s  ithw  ht  e size of 
cubes . 

heT  stren thg  o  f spe imenc  increas se  itw  h decrease ni  izs  e  nda  isev  - ersav  as 
in icatedd  n thei  ubeC  150(  mm  ) trengtS  h  sV  C lindery  150(  mm  iad  ,  03  0 m  m ht)  
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• elisneT  erts n htg  fo  co etercn  nu d re  rid e tc  net s noi  si  ve yr  llams  dna  lareneg ly
gen l detce  ni  ised lamron g citcarp n e. ulav eht hguohtlA segnar e  morf  8 ot  %21  fo  sti

evisserpmoc  erts n  .htg nA  porp eht si %01 eulav egareva e  r c ioh ec . ehT  tcerid  noisnet
tem h do  sreffus  eht  p melbor  ekil  gnidloh  eht  nemiceps  reporp ly in eht  itset n enihcam g

ol elisnet laixainu fo noitacilppa eht dna a nieb ton d g rf  fo ee e ticirtnecc y.

b yltceridni detaluclac eb nac htgnerts elisnet ehT• y c etercnoc a gnidaol y eht ot rednil
 sti htiw( sdne etisoppo owt eht gnola ecrof evisserpmoc a )latnoziroh six

 fo htgnel eht gnola yllatnoziroh gnitca sserts elisnet mrofinu ot euD• cy eht ,rednil
cy  owt otni stilps rednil h sevla  . hT e am g nitca( sserts elisnet siht fo edutin g rid a ni ce noit

 nevig si )noisserpmoc deilppa fo noitca fo enil eht ot ralucidneprep by

= S  gk ni erutpur gnisuac daol = P 2 mc/gk ni sserts elisneT = S ;erehw 2  

 D =  )mc 51( mc ni aiD  

L  = L ne g )mc 03( mc ni ht  

LPS sa nwonk si sserts elisnet tceridni ehT• I ISNET GNITT L .HTGNERTS E

F RUXEL A HTGNERTS L

 si )gnidneb( eruxelf ni etercnoc nialp eht yb detsiser sserts elisnet mumixam ehT
F dellac L UDOM ro( HTGNERTS LARUXE L O SU F  )ERUTPUR e mm/N ni desserpx   ro 2

kg  m/ 2 . 
• ehT  tsom  nommoc  lp a ni  ercnoc te cejbus ted ot  eruxelf  si  a hi whg ay/ wnur ay

ap v .tneme  ehT  tset gnidneb fo snaem yb detaulave si etercnoc tnemevap fo htgnerts
nemiceps maeb no .

• ehT  elf x laru  erts n htg  ( suludom  fo  tpur )eru  si  ted e denimr  by gnitset  ats n drad  tset
snemiceps  fo  051  mm  x 051  mm  x 007  mm  revo  a naps  fo  600 mm  ro  001  mm  x 001

mm  x 005  mm revo  naps a  of nim 004  . s rednu y gnidaol tniop owt lacirtemm

NERTS RAEHS G  HT

• raehS  ts ren htg  si  eht  icapac ty fo  tercnoc e ot  tsiser  eht  gnidils  fo  the se tc i no  revo
ht e jda a nec t s ce .noit  A doog  tnuoma  fo  raehs  htgnerts  yticapac  si  dessessop  by

ercnoc te idneped ng nopu  eht   etercnoc fo edarg a atnecrep dn g elisnet fo e
rofnier ec ht ni tnem e es c .noit

• tI  si  tluciffid  ot  niatbo  raehs  ts er n htg  fo  noc c er te tub  .S.I  edoc  stseggus  eht  eulav  rof
effid r  tne g  fo edar c no cre et .

    

S rengtht  If het  concr tee  st estei  d  no  ylindec  r h vinga  501  m  m iameted  r and height 
003  m  m nsteai  d  fo  501  mm ube,c  het  cube strength can be estimated as C liny der 
strength( fcu) = 0.80*  cube strength( fck) 

ENSILET  STRENGTH 
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NERTS DNOB G  HT

• dnoB  erts n htg  si  eht  she ra  ts r sse  ta  eht  cafretni e fo  ier n ecrof m tne  rab  and
gnidnuorrus  noc c eter  depoleved  ot  tsiser  any ecrof  th ta  seirt  gappils e of ht e

tnemecrofnier  to ti s idnuorrus ng oc n erc te. It si  ted e denimr  by PU LL  UO  T TSET  . ehT
.va  b dno  erts n htg  si  10% of c evisserpmo  ts ren tg h fo  etercnoc  ehT  dnob  erts n htg

sdneped  nopu  edarg  fo  ,etercnoc  hi rehg  eht  ,edarg  hgih er si  eht  eulav  rts dnob fo eng .ht

5) htgnerts laruxelF dna evisserpmoC fo noitanimreted eht tuoba liated ni nialpxE
.etercnoc fo

oC m tseT noisserp

noisserpmoC  tset  si  eht  tsom  nommoc  tset  detcudnoc  no  denedrah
noc c  ot tset ysae na si ti esuaceb yltrap,eter p trap dna ,mrofre l t fo tsom esuaceb y  eh

citsiretcarahc elbarised  levitatilauq era etercnoc fo seitreporp y  sti ot detaler
nerts evisserpmoc g ht . ehT  ebuc  nemiceps  si  of eht  size 51  x 51  x 51  .mc  fI  t eh  tsegral  

lanimon  is ze fo  eht  a gg r etage  do se  not ex deec  02  ,mm  01  mc  is ze sebuc  may osla  
eb  desu  sa  na  .evitanretla  C lacirdnily  tset  snemiceps  evah  a el n htg  lauqe  ot  eciwt  eht  

.retemaid  yehT  era  51  mc  ni  retemaid  dna  03  mc  .gnol  rellamS  tset  snemiceps  may be 
u des  tub  a oitar  fo  eht  id a retem  fo  eht  ps e ic m ne  ga fo ezis mumixam ot g ton ,etager

 naht ssel .deniatniam si 1 ot 3  

F oC fo erulia m icepS noisserp m ne  
euD  ot  noisserpmoc  lo ,da  eht  ebuc  or c nily d re  ednu rgo se  laretal  

ex noisnap  gniwo  ot  eht  s‘nossioP  oitar  .tceffe  ehT  leets  snetalp  od  ton  ogrednu  
etal r la  ex noisnap  ot  eht  emos  ex tnet  taht  fo  noc c ,eter  tiw h eht  res tlu  taht  leets  
tser r snia  eht  ex noisnap  nednet cy of etercnoc  ni  ht e etal r la  rid ec .noit  sihT  secudni  a 

laitnegnat  crof e neewteb  eht  ne d ecafrus s fo  the c tercno e iceps men dna  eht  tnecajda  
leets  alp tens fo  eht  itset ng ma enihc . It sah  neeb  dnuof  taht  t eh  etal r la  niarts  ni  eht  
leets  snetalp  si  no ly 4.0  fo  eht  tal e lar  niarts  in eht  noc c eter . euD  ot  sht  the netalp  

sniartser  the laretal  ex noisnap  fo  eht  etercnoc  ni  eht  strap  fo  eht  nemiceps  raen  its .dne  
ehT  eerged  fo  tser r tnia  cirf eht no sdneped desicrexe lautca noit l oleved y p .de   eht nehW

ppa yb detanimile si noitcirf l gniy  ,esaerg  etihparg  ro  niffarap  xaw  ot  eht  gniraeb  
s afru c se  eht  nemiceps  ex stibih  a regral  laretal  noisnapxe  dna  yllautneve  stilps  gnola  
sti  lluf  .htgnel  htiW  noitcirf  gnitca  ,.e.i  rednu  nor lam  snoitidnoc  fo  ,tset  eht  stnemele

nihtiw  eht  nemiceps  si  detcejbus  ot  a iraehs ng sserts  sa  llew  sa  c rpmo e .noiss  ehT  
ngam i edut  fo  eht  hs e ra  sserts  d sesaerce  dna  eht  laretal  ex oisnap n sesaercni  ni  

ecnatsid  morf  eht  .netalp  sA  a tluser  fo  eht  iartser n ,t  ni  a nemiceps  detset  ot  noitcurtsed
ereht  si  a evitaler ly degamadnu  enoc  fo  thgieh  qe u la  ot  √ 2/3  d . tuB  fi  eht  nemiceps

si  regnol  naht  uoba t 7.1  ,d  a trap  ti  fo  lliw  eb  eerf  morf  eht  gniniartser  tceffe  fo  eht  
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P : erudecor
tseT  iceps m sne  are erots d ni  aw t re  ta  a met p utare re of °42  ot  C°03  rof  

84  oh u sr  erofeb  gnitset . hT ey era  detset  etaidemmi ly no  er lavom  morf  eht  w reta  
tslihw  ht ey era  llits  ni  a tew  .noitidnoc  ehT  snoisnemid  fo  hcae  ps e nemic  dluohs  eb  
deton  erofeb  .gnitset  oN  taraperp i no  cafrus eht fo e r si s e .deriuq  

P icepS eht gnical m : enihcaM gnitseT eht ni ne

ehT  iraeb ng secafrus  fo  ht e gnitroppus  dna  idaol ng srellor  are depiw  lc e ,na  
dna  any esool  dnas  ro  rehto  tam e lair  devomer  morf  eht  secafrus  fo  eht  nemiceps

w ereh  ht ey era  ot  am ke tcatnoc  htiw  eht  .srellor  ehT  nemiceps  si  neht  pl deca  ni  the 
am c ih ne ni  s hcu  a nam n re  th ta  eht  si daol  deilppa  ot  eht  pu p tsomre  frus a ec  sa  tsac  ni  
eht  ,dluom  gnola  owt  lin se  decaps  0.02  ro  3.31  mc  .trapa  ehT  sixa  fo  eht  nemiceps  si  

luferac ly a dengil  htiw  eht  ax si  fo  eht  gnidaol  ecived . oN  ikcap ng si  desu  neewteb  eht  
iraeb ng secafrus  fo  the nemiceps  dna  the ellor r .s  ehT  l dao  si  deilppa  tuohtiw  kcohs  dna  

in gnisaerc  suounitnoc ly ta  a ar te hcus  th ta  eht  ex f emert i erb  serts s esaercni  s ta  
etamixorppa ly 7.0  k qs/g  nim/mc  taht  ,si  ta  a etar  fo  gnidaol  fo  004  k /g m ni  rof  eht  

0.51  81 fo etar a ta dna snemiceps mc 0 kg of nim/ r 0.01 eht  c eps m c mi e .sn  

ehT  daol  si  aercni s de  litnu  eht  ceps i nem  ,sliaf  dna  eht  am xim mu  daol  
lppa i de  ot  eht  nemiceps  irud ng eht  set t si  dedrocer . ehT  aeppa r cna e fo  the f utcar r de  

af c se  fo  tercnoc e dna  an t eht ni serutaef lausunu y y  fo ep f rulia e .deton si

ehT  elf x aru l erts n htg  fo  eht  sp ice m ne  si  ex desserp  sa  the suludom  fo  
erutpur  bf  hcihw  fi  ‘a‗  slauqe  eht  ecnatsid  neewteb  eht  enil  fo  erutcarf  dna  eht  n rerae  
roppus t, derusaem  eht no  tnec re enil  fo  the net s eli  edis  fo  eht  ps e ,nemic  ni  ,mc  si  

c etalucla d ot  the ne tsera  0.0 5 MPa sa  :swollof  

nehW  ‘a‗  si  retaerg  naht  0.02  mc  rof  0.51  mc  nemiceps  ro  retaerg  naht  3.31  mc  for 
a 0.01  eps mc c mi e ro ,n  
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nehw  ‘a‗  si  ssel  naht  002  mc  tub  retaerg  naht  0.71  mc  rof  0.51  nemiceps , ro  ssel  
th na  3.31   tub mc g etaer r hw nemiceps mc 0.01 a rof mc 011 naht e er  

eps eht fo mc ni htdiw derusaem = b c mi en  
derusaem = d  ps eht fo mc ni htped e  nemic a ht t e  fo tniop af ruli e, 

nel =l g w nemiceps eht hcihw no naps eht fo mc ni ht a troppus s e  ,d a dn
k ni daol mumixam = p g ht ot deilppa e eps c mi e .n

fI  ‘a‗  si  ssel  naht  0.71  mc  rof  a 0.51  mc  ,nemiceps  ro  ssel  naht  1 0.1  mc  rof  a 
0.01  ht fo stluser eht ,nemiceps mc e b tset e csid a dr e .d  

sA  denoitnem  ,reilrae  ti  si  tluciffid  ot  erusaem  eht  elisnet  htgnerts  of ercnoc te 
tcerid l .y  of etal  emos  sdohtem  h eva  neeb  esu d htiw  eht  h ple  fo  ope xy nob d de  dne  

ip e sec  ot  f ica lit eta  id r tce  nillup g. pmettA st  ah ve osla  neeb  edam  ot  dnif  out tcerid  
elisnet  erts n htg  of noc c ter e by ikam ng etteuqirb  fo  fi ug re ahs pe rof  tcerid  gnillup  tub  

t sih  dohtem  saw  eserp nti gn  emos  id f lucif ty htiw  pirg  dna  noitcudortni  fo  adnoces ry 
sesserts  ihw le gnieb  .dellup  revetahW  yam  be eht  sdohtem  detpoda  rof  idnif ng tuo  

t eh  etamitlu  tcerid  t elisne  erts n ,htg  it si  la m tso  im ssop i elb  ot  ppa ly t ur ly ax lai  .daol  
erehT  si  wla a sy  emos  ecce n icirt ty .tneserp  ehT  sesserts  era  chan deg  eud  ot  

ticirtnecce y nidaol fo g. 

esehT  may ecudortni  rojam  rre or on eht  sesserts  d depoleve  sseldrager  of 
nemiceps  dna ezis  driht ehT .epahs  melborp  si  eht  sesserts  decudni  eud  ot  eht  .spirg  

ehT r si e  a net d ne cy rof  ot nemiceps eht  kaerb  eht raen  .sdne  syawla si melborp sihT  
 emocrevo b icuder y ng eht  noitces  fo  eht  nec t lar  oitrop n fo  the tset  sp ice m .ne  ehT  

m dohte  ni  hcihw  st lee  alp t se  are lg u de  htiw  eht  seixope  ot  eht  sdne  fo  et st ,nemiceps
animile t se  ts r sesse  eud  ot  ipirg n ,g  tub  sreffo  on  ulos t noi  for eht  icirtnecce ty p .melbor  

llA  tcerid  noisnet  tset  sdohtem  eriuqer  exp evisne  lasrevinu  gnitset  am c .enih  

.5 liated ni nialpxE  tuoba  eht   noitanimreted fo  sertS dna suludoM s’gnuoY s-
ts r  nia curve
rof  .etercnoc

 si etercnoc decrofnier nehW d gise n de  by citsale  th oe ry ti  si  demussa  taht  
a p tcefre  dnob  stsixe  neewteb  oc n terc e dna  st .lee  The sserts  ni  leets  si  m semit  eht  

sserts  ni  cnoc r te e  

erehw  
m si  ht e oitar  b eewte n suludom  of sale t ici ty of eets l na d ,etercnoc  nwonk  sa  

udom l ra  ra .oit  
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nI  view of the eculiarp  nda  complex ehaviourb  fo  stress-strain 
relationshi ,p  het  odulum  s fo  elasticity o  f oncretec  si  efined  d  ni  s  mewhato  arbitrary 
man er.n  heT  odulum  s fo  elasticity fo  concrete si  designatedi n various wa s y and 
they have beeni llustrated o t eh  stress-strain curvei n Fig. 

heT  ert  m oung‘sY  odulum  s fo  elasticity c na  strictly eb  app il  de  only ot  het  stra gi ht 
artp  of stress-str ina  curv .e  nI  het  case fo  oncretec  ,  inces  on  arp  t of het  gr pha  is 
straight, het  odulum  s fo  lasticite  y  si  oundf  uto  itw  h ref re ncee  ot  het  angentt  d awnr  to 
t eh  urvc  e  ta  het  origin. 

heT  odulum  s fo ndu  rof  m  hist  angentt  si  eferredr  sa  initia  l tangent modulus. 
hisT  ivesg  satisfactory esultsr  only ta  owl  tresss  alue.v  oF  r igheh  r tresss  aluev  ti  gives 
a misleading ictp ure. Ta ngent can also be drawn at any thero  ointp  nt heo  stress-strain 
urve.c  The modu usl  of elasticit calculatedy  ithw  eferencr  e ot  hit  s  angentt  si  then  
alledc  tan entg  odulusm  . heT  angentt  odulum  s lsoa  oesd  otn  ivg  e a real stici  aluev  of 
odulum  s fo  elasticity orf  het  stress evell  ucm  h bovea  ro  ucm  h  elowb  het  ointp  at 
hichw  het  angentt  si  dr  wn.a  heT  aluv  e fo  odulum  s  fo  elasticity ilw  l b  e satisfactory only 
for stressl eveli nt he vicinity oft he point considered. 

A inel  anc  eb  rawd  n connecting a s ecifiedp  ointp  no  ht  e stress-strain 
curve ot  he origint  fo  het  urve.c  fI  het  odulum  s fo  elasticity si  alculatec  d  with 
referen ec  ot  het  lopes  fo  hist  ine,l  het  odulum  s fo  elasticity si  eferredr  as secant 
modul s.u  I  f het  odulum  s fo  elasticity si  oundf  uto  itw  h reference ot  the  horc  d drawn 
etweenb  wot  pecifieds  ointsp  no  het  stress- trains  urvec  then such v alue of the 
modulus of elasticity is known as chord modulus. heT  mod lusu  fo  elasticity most 
commonly used ni  practi ec  i  s  secant modul s.u  herT  e  si  n  o  tandars  d  ethodm  of 
eterminingd  the ecants  modul s.u  ometimS  e ti  si  easurem  d  ta  tresses  s  angingr  from 
3 to 14 PaM  na  d ometimes  het  ecants  si  rawd  n  ot  oinp  t  epresentingr  a tresss  level 
fo  51  ,  52  ,  33  , o  r 5  0  ep  r  enc  t  fo  ltimatu  e  stren th.g  inceS  het  aluev  fo  ecans  t modulus 
ecreasesd  ithw  inc er  sea  i  n  tresss  ,  het  tresss  ta  hicw  h  het  ecants  odulum  s has 
eenb  oundf  outshould always  be stated.

oduluM  s fo  elasticity may be easuredm  ni  ensiont  , com ressionp  ro  hears  .  The 
odulum  s ni  ensiont  si  usually quae  l ot  het  modul su  ni  compressi n.o  I  t si  i  terestingn  to 
oten  hatt  het  stress-strain rel tionshipa  fo  aggregate alone howss  a fairly good 
straight li e.n  Similarly, stress- trains  relationship fo  emenc  t  astep  lonea  lsoa  howss  a 
fairly good traights  ine.l  uB  t ht  e stress- trains  elationshipr  o  f con retec  hichw  is 
com inationb  fo  ggregatea  and astep  to etherg  howss  a curv de  rel tionshipa  . Perhaps 
hist  si  ud  e  ot  het  d velopmente  fo  micro cra ksc  ta  het  interface fo  het  ggregatea  and 
p ste.a  ecauseB  fo  the ailuref  fo  ondb  ta  the nterfacei  increases a  t a  f  stera  ater  than 
hatt  fo  het  pplieda  tress,s  het  stress- trains  urvec  ontinuesc  ot  enb  d  asterf  than 
increase fo  stre s  s .  Figure shows the stress-strain relationship for cement paste, 
aggregate and concrete. 
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TINU -V  

SP ETERCNOC LAICE  

1. De thgil enif   thgiew c tercno e.

ehT  etercnoc  si  dias  ot  eb  thgil  ew i thg  etercnoc  w esoh  isned ty si  neewteb  003  ot

0581  m/gk 3

2. larutan eht fo emos emaN  tagergga thgiew thgil e
a. imuP ce

b. etimotaiD

c. Scor ai

d. cloV a  cin c dni e sr

e. Sa tsud w

f. eciR  ksuh

3. laicifitra eht fo emos emaN  tagergga thgiew thgil e
a. B ir c tab k

b. Foa gals dem

c. edniC r  , c knil er

d. alc detaolB y

e. hsa ylf deretniS

f. imrev detailofxE c etilu

g. dnapxE e p d e etilr

4. terctohS ro gnitinuG enifeD e?
tI  si  denifed  sa  a ratrom  vnoc e dey  orht u hg  a esoh  dna  lacitamuenp ly jorp e detc  ta  a

ih g ticolev h y cafrus a ot no e. 

5. De  enif P ylo m ?etercnoc re
remyloP  noc terc e is ap rt fo  puorg  oc fo n erc t taht se   esu op l ot sremy  tnemelppus  ro

lop sesu dna tnemec ecalper y rednib a sa rem . 

i. lop y erpmi rem g rcnoc detan e et

ii . remylop  )ccp(etercnoc tnemec

ii i. lop y em r etercnoc
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 G ssal  , nobrac  , ets el  , porpylop y enel  , ny  nol

    

6.Define SIF OC N?

SlurryI nfiltrated Fibrous Reinforced Concrete( SIFCON)i s ar elatively new high 
performance and advanced material and can be considered as a specialt ype of Steel 
Fiber Reinforced Concrete( SFRC) Thet echnique ofi nfiltratedl ayers of steelf ibers with 
Portland cement based. teeS  l fibre b de  i  s  prepared nda  ementc  slurry si  infiltrated  
With.  hist  echniquest  macro-fib er  ontenc  t  ptou  bouta  0%2  yb   volume can be achieved. 

7.Defin f errocement?

errocemenF  t si  a  elativelr  y  ewn  ateriam  l onsistingc  fo  wi  er  eshem  s  nda  cement 
mortar. It consists of loselyc  spaced wire meshes w ichh  are impregnated with r ci h 
ce enm  t mor art  mix . 

8. Whati s Geopolymer?

 Geop l mero y  oncretec  is oncretec  bas de  on  an norganici  inderb  po ymel rized 
romf  Al-S  i rich aterialm  s fo  geologica  l o  r  ndustriai  l  origin, uchs  sa  fly-ash. 
Geopolymeri s used ast he binder,i nstead of cement paste,t o produce concrete. 

9.Define Ready-mix concrete?

oncreteC  which si  mix de  ni  a  stationary mix re  ni  a  centra  l batching plant ro  in 
ruckt  mix re  na  d  upplieds  ni  reshf  onditionc  ot  het  purchaser eith re  a  t  site ro  into 
purchaser vehiclei s calledr eady mix concrete.

10.Explain Fibrer einforced concrete

 ibrF  eie nforcedr  concrete si  efined  d  sa  het  ompositec  ateriam  l onsistsc  of 
mix uret  of ement,c  ortam  r ro  oncretc  e  nda  iscontinuous,d  dis retec  uniformly dispersed 
suitable fibres.  

NATURAL FIBRES 

Co onutf ibre, c  Sugarca en  , Straw, Jute fibres 

SYNTHETIC F BRI ES  
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P B TRA  

 nialpxE.1 t R eh e noC xiM yda erc te?

etercnoC  hcihw  si  im x de  ni  a noitats ary im x re  ni  a c lartne  ba gnihct  tnalp  
ro  ni  kcurt  rexim  dna  us p deilp  ni  hserf  noitidnoc  ot  eht  crup h esa r ie t eh r ta  is te ro  

ni to resahcrup  elcihev  si  dellac  aer dy im x .etercnoc  ehT  ega  fo  hserf  ercnoc te si  2 ot  
3 sruoh  dereviled eb dluohs dna  setunim 06 ot 03 nihtiw  .  

etercnoC  esti fl  si  a im x erut  fo  dnaltroP  tnemec , retaw  dna  a gg re setag  
co sirpm i gn  dnas  dna  levarg  ro  urc s deh  enots  nI  tr lanoitida  krow  ,setis  hcae  fo  
th ese  retam i sla  si  letarapes derucorp y  ot etis ta snoitroporp deificeps ni dexim dna

rcnoc ekam e .et  

ydaeR  dexiM  tercnoC e si  thguob  na d dlos  by vo emul  - lausu ly ex esserp d ni  
cibuc  tem e .sr  ehT  tsrif  aer dy- xim  otcaf ry saw  tliub  ni  eht  ,s0391  tub  eht  tsudni ry did  ton  
nigeb  ot  ltnacifingis dnapxe y .neht ecnis worg ot deunitnoc sah ti dna ,s0891 eht litnu  

ehT  ac p ica ty si  tuoba  1 25.  m3. ehT  tuptuo  fo  ydaer  xim  etercnoc  si  85.03  m  /3 rh   dna
lppus nac y mixam a ot u m 33.1 fo m 3 mit xis rof e  yliad s  

P or ec :ss  

A aer dy- im x etercnoc  pl tna  stsisnoc  fo  solis  taht  niatnoc  ec m ,tne  ,dnas  levarg  
dna  egarots  sknat  of vitidda es hcus  sa  icitsalp z sre , as lew l sa  a im x re  ot  dnelb  eht  

stnenopmoc  fo  .etercnoc  esehT  stnenopmoc  era  ivarg ty def  ni to eht  noitaraperp
nib . ehT  ilauq ty fo  rcnoc e tniam eb dluohs et a deni  .  

ehT  w reta  od s ega  ni  ralucitrap  tsum  be ev ry pr esice  dna  ht e im x gni  flesti  
tsum  niamer  nitnoc suou  dna  .tnetsisnoc  ,yllaniF  eht  etercnoc  deraperp  ni  a hctab  tnalp  

si  dedaol  otni  a im x re  ,kcurt  osla  nwonk  sa  a tr tisna  ,rexim  hcihw  d le i srev  it ot  eht  
tcurtsnoc i no  tis e  . A etercnoc  otcaf ry tsum  eb  detacol  nihtiw  a suidar  fo  02  ot  03  mk  

fr mo  eht  krow  is t ,e  nidneped g snoitidnoc ciffart no .  

rotS age evnoc tleB y ro  nixim g tnalp  exim tisnart r  ro
olis  

am ro c enih  b ro a nihct g 
tinu  

oC m R fo stnenop M :tnalP C  

� A htiw tnalP CMR u railix y .s‘tnempiuqe gnitroppus ro  

� rexim tisnarT .  

� nildnah rof tnempiuqe etiS g rcnoc ete  . )pmup etercnoc(  
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s’tnempiuqe gnitroppuS : 

o tnemec  solis

o iew tnemec g reppoh th

o ergga ag te snib

o evnoc y ro

P :seitrepor

� tilibarud dooG y  ,  

� Hig rts h eng  ,ht  

� Wa et r it g ,ssenth  

� natsiseR ec   ot a rb a nois  .

gatnavdA es 

• pS ee urtsnoc ni d c noit

• arots fo noitanimilE g sdeen e

• titnauq derussa dna mrofinU y etercnoc fo

• atsaw ni noitcudeR ge

• oce si CMR - yldneirf

• oD c  xim fo noitatnemu de is gn

• saE y tximda fo noitidda u ser

gatnavdasiD es 

• ehT  slairetam  era  ab t hc ed ta  a lartnec  ,tnalp  dna  eht  gnixim  snigeb  ta  taht
,tnalp  os  citirc si etis eht ot tnalp eht morf emit gnillevart eht a evo l r nol g natsid re ce .s  

• Ge or lanoitidda fo noitaren a fart d f mrehtruF .ci  sdaor ssecca ,ero a a etis dn cce ss
evah  aer eht fo thgiew retaerg eht yrrac ot elba eb ot dy- .daol sulp kcurt xim  

• s'etercnoC  detimil  emit  naps  neewteb  im x gni  and iog ng-off snaem  taht  r ae dy-
dluohs xim  decalp eb  09 nihtiw  unim t se  fo  gnihctab  ta  eht  oM .tnalp ed r c serutximda n an 

yfidom  taht  emit  naps  p esicer l ,y  ,revewoh  os  the tnuoma  dna  type fo  mda i erutx  
rev si xim eht ot dedda y tnatropmi .  

.2  nialpxE t W thgiL eh e rcnoC thgi ete?

giL ht giew ht oc n rc e et  si  pr udo dec  by in lc du gni  egral  uq a tn seiti  fo  ria  ni  
eht  ergga ag t ,e  in the am t xir  ro  ni  eb t eew n ht e agergga te p ra t ,selci  or by a 
moc binat noi  fo  .sessecorp  agerggA te ht at iew ght ssel  ht an ba out 001 0 /gk m3 ra e u es d. 
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fo noitacifissalC  :setercnoc thgiew thgil   

i. yB  gnisu  suorop  thgil  thgiew  etagergga  fo  wol  tnerappa  cificeps  ivarg t ,y  .e.i  wol er
naht  6.2  . t sihT y k si etercnoc fo ep il sa nwon g ga thgiew th g .etercnoc etager

ii . By icudortni ng la egr  ov i sd  nihtiw  eht  cnoc r ete  ro  ratrom  ;ssam  eseht  iov ds
dluohs  eb  ylraelc  hsiugnitsid ed orf m eht  lemertxe y nif e diov s udorp ced by

a ri  etne r .tnemniat  sihT  yt pe fo  ercnoc te si  suoirav ly k nwon  sa  ,detarea  ,ralullec  demaof
 ro ga  s oc n rc e .et

ii i. By gnittimo  eht  enif  etagergga  morf  eht  im x os  taht  egral  tnuoma  fo
laititsretni  sdiov  si  ;tneserp  lamron  thgiew  esraoc  etagergga  si  lareneg ly us .de  sihT

etercnoc  si   nwonk a on s - .setercnoc enif

seitreporP : 

• L rpmoc wo e nerts eviss g ht

• iH g .tnetnoc erutsiom dna noitprosba retaw h

• iH g rc h e gaknirhs dna pe e.

• mreht dooG a ud noitalusni l e ia ot r f sdiov delli .

• L pxe lamreht wo a noisn .

vdA a atn g se   

o levitaler dna dipaR y urtsnoc elpmis c .noit

o et ni lacimonocE rm wop nam ni noitcuder llew sa noitatropsnart fo s er

    

The lig th  eighw  t  si  ud  e  ot  het  cellular structure or highly porous microstructure. 

Natural li hg  t wei hg  t aggregates r ea  made by processing igneous volcan ci  rocks 
such sa  pumice, scoria andt uff. 

Synthetic light weight aggregates c an be manufactured by therma  l treatment 
from a variety of materials such as clay, shale, slatef ly ash pallets, las tb  urnacef  slag.  

Making: 

The mixing procedu er  f  ro  lig  th  weig  th  concrete si  the ames  sa  f  ro  normal concrete and 
is  produ edc  ni  the ames  type fo  ixem  r  or mixing plant . In f rsti  st ge,a  the mort ra  is  
ixem  d  .e.i  ,  c ement, sand, admixtu es,r  and about two-third fo  mixi gn  wat re  .in  the 
seco dn  st ge,a  t eh  co rsea  aggregate si  added with the estr  of the wat re  and final 
ixinm  g si  do  e.n  At  time  s  , light weight dry fines causet he materialt of orm allsi  nb  the 
ixerm  . tI  anc  be voideda  fi  essl  wat re  si  added at the tarts  nda  th ne  the amount is 
in reasedc  gradually. the size oft he aggregate should el es sb  han 8 ort  01  mm.  
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o iew thgil eht fo tsoM g nilian retteb evah etercnoc th g seitreporp gniwas dna .

o tnacifingiS  noitcuder  fo  llarevo  thgiew  dna  r stluse  ni  gnivas  arutcurts l
,semarf  

nitoof g selip dna s

vdasiD a atn eg s:  

libanI ti y ih edivorp ot g nerts evisserpmoc h g ht  

ytisned sseL

Very tnetnoc erutsiom ot evitisnes  

nixiM g nol si emit g rcnoc lanoitnevnoc naht re e nixim reporp niatbo ot et g. 

nialpxE.3  ylop m  re c cno er te?

emyloP r oc ncr te e si  rap t fo  rg o pu  of c no erc tes that use op yl em sr  to 
us pp nib a sa remylop sesu dna tnemec ecalper ro tnemel der. 

:ssecorP  

The niam  hcet n qi ue in orp ud ic ng CP  si  to iminim ze iov d lov u em  ni  t eh  
agergga te ssam  os  sa  ot  redu ec  eht  uq a tn ity fo  op emyl r een ded of r b ni ding ht e 
agergga t .se  Th si  si  ca h devei  by p or p ylre  arg ding na d ixim ng ht e agergga t se  to at iat n 

t eh  mixam um ned is ty dna  diov muminim  emulov .  

The dedarg  agergga t se  ra e p er p dekca  and etarbiv d ni  a m uo ld. M remono  is 
t neh  diffu es d pu  ht or ugh t eh  agergga t se  a dn  iremylop zat oi n si  init ai ted by 
ar d ai t oi n ro   chem laci  aem n .s  A enalis  coup il ng ega nt si  ad ed d to the om remon  to 
mi pro ev  the bond  str ne g ht  b ewte en op remyl  dna  t eh  .etagergga  nI  seylop t re  

iser ns ra e used no  emylop rizat oi n si  er uq eri d. emyloP r oc n rc te e ac n leved op 
evisserpmoc  str ne g ht s of the  dro )isp 000,02( aPM 041 fo re  sruoh nihtiw  ro  neve  

setunim .  

Su hc  remylop  oc n erc t se  et nd to eb  b ir tt el  and ti  si  er p ro ted ht ta  id isreps on 
fo   fib er  ier fn tnemecro  ow uld mi pro ev  the uot gh ssen  and ten elis  st er n htg  fo  t eh  
am t .laire  The u es  fo  fib or us seylop t re  oc n erc te in the moc pre eviss  oiger n of 

rei ofn ecr d oc n erc te  smaeb  a sedivorp  ,htgnerts hgih  etercnoc elitcud   elbanosaer ta
tsoc .  

i sepyt ehT n lc du  e p emylo r- angerpmi ted ercnoc t  ,e p emylo r oc n rc te na ,e d 
op emyl r- dnaltroP - tnemec  etercnoc .  

Pr epo r it es: 

• snet hgiH rpmoc dna ,laruxelf ,eli e viss e rts eng sht
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ro yranid  dnaltroP   tnemec c no cre ehT .et  stneidergni  gnisirpmoc  ,tnemec  etagergga  and 
remonom  era  im x de  htiw  retaw  dna  remonom  ni  eht  tercnoc e im x ni  eht  etercnoc  si  

op l my e ir z de  retfa  pl ica ng oc ncr ete  ni  sop iti .no  ehT  pmi sah etercnoc tnatluser r vo e  : d

• rtS eng ,ht

• hdA e nois

• cnatsiser lacimehC e

• I r noisarba dna tcapm é natsis ce

• I ytilibaemrepmi desaercn

• cudeR e  d a noitprosb

noitacilppA :  

o aM r oW eni r sk

ETERCNOC REMYLOP.3

nI  op l remy  oc n eterc  op l remy  remonom/  si  desu  ot  tca  sa  rednib  ni  ecalp  
fo  .tnemec  ehT  remonom  dna  rgga e etag  era  im x de  htegot er dna  t eh  remonom  si  
op l my eri dez  retfa  lp a tnemec  fo  etercnoc  ni  .noitisop  tI  is evitarepmi  ot  pre-h ae t eht  

co esra  dna  enif  agergga tes elihw  im x  gni  monom e .r  

 noitacilppA : 

 I irr g skroW noita

.4  nialpxE F decrofnier erbi  noc crete?

erbiF  decrofnier  etercnoc  si  denifed  sa  etisopmoc eht  lairetam  tsisnoc s fo  mix erut  fo  
lmrofinu etercsid ,suounitnocsid dna etercnoc ro ratrom ,tnemec y  elbatius desrepsid

.serbif  

� nialP  tnemec  ,etercnoc  eud  ot  sti  wol  elisnet  htgnerts  dna  tcapmi  ser i ecnats  
 si redisnoc e lttirb o eb ot d e tam e ir a .l  

� ,revewoH  dekram  tnemevorpmi  ni  eseht  seitreporp  nac  eb  thguorb  ba o tu  by 
 eht nel trohs ,retemaid llams fo noitidda g lmodnar dna ,ht y tsid serbif detubir .  

� ehT  serbif  nac  eb  mi agi detan  sa  na  etagergga  w hti  na  emertxe  noitaived  ni  
 epahs morf  eht  dednuor  oms o ht  a .etagergg  ehT  bif res kcolretni  na d atne ngle 
 dnuora agergga te selcitrap  dna  baredisnoc ly ecuder  eht  w ilibakro t ,y  elihw  eht  im  x
emoceb  s norp ssel dna evisehoc erom e es ot g .noitager

� er rof elbatius serbif ehT i gnicrofn  eht  cnoc r ah ete ve neeb  decudorp  morf  ,leets  
 ssalg lop cinagro dna y .srem  
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nitceffa srotcaf rojam ehT g noc decrofnier erbif fo scitsiretcarahc eht cre  et are: 

� etaw r r tnemec a ;oit  

�  fo ezis c ga esrao g ger a et  

� nixim g  

� reP c rbif fo egatne e  ;s  

� epsA c r t a  oit  

� erbif fo htgnel dna retemaiD s 
ehT  noitacol  dna  ex tnet  fo  ikcarc ng rednu  load liw l dneped  nopu  ht e noitatneiro
dna   fo rebmun f  eht ni serbi c es ssor c .noit  erbif ehT  sserts  niarts  egaknirhs eht  dna  

peerc  mo stnemev  fo  rofniernu c de  irtam x oH . ew ver serbif  evah  neeb  dnuof  ot  eb  erom  
ffe e evitc  ni  gnillortnoc  noisserpmoc  peerc  naht  isnet l iernu fo peerc e n .xirtam decrof

P :seitrepor
• I nidneb dna elisnet desaercn g nerts g rioc ht
• mI tilitcud devorp y gnikcarc ot ecnatsiser dna

• htgnerts tcapmi hgiH  ssenhguot dna

• ecnatsiser gnillapS

• icapac noitprosba ygrene hgiH ty

noitacilppA : 

o Hy rd a serutcurts cilu

o awhgih dna dleifriA y tnemevap

o B dir g ed e c sk

o nnuT e gninil l

o vaeH y tud y olf sro

atnavdasiD ge: 

hT e iam n sid a tnavd a eg  a icoss a det  tiw h the f bi er re rofni c de  noc cre et  
si  aF cirb a .noit  ehT  ecorp ss fo  gnitaroprocni  rebif s otni  eht  tnemec  xirtam  si  robal  

tni e evisn .  

udorp eht naht reiltsoC c o noit f lp eht a rcnoc ni e .et  
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Ty  fo sep f rbi es 

rutaN a serbif l  sy serbif citehtn

oC c erbif tuno g ssal  

 uS gar ac en  ca nobr  

rtS aw ets el 

 etuJ f rbi es ny  nol
enelyporpylop

:SERBIF CITEHTNYS   

tS e noc decrofnier erbif le erc et  

sihT  epyt  of etercnoc  si  f demro  by idda ng ste le  serbif  ni  eht  in derg i stne  fo  cnoc r .ete  
dnuoR  leets  serbif  era  nommoc ly us T .de he t acipy  l aid m rete  eil s ni  ht e ar n eg  of . 52  ot  

57.  mm, by b(erbif fo tnecrep 3 ot 2 fo noitidda y .)emulov  

tI  si  elbissop  ot  eveihca  owt  ro  eerht  semit  aercni se ni  eht  elf xu lar  htgnerts  fo  etercnoc  
dna  rcni laitnatsbus e natsiser noisolpxe ni esa c natsiser kcarc ,e ec  e ct .  

noitacilppA : 

o p fo noitcurtsnoC ave tnem

o B dir g ed e c ,sk

o rP e russ e ve , sless

o nnuT e gninil l

etercnoc decrofnier erbif ssalG : 

ssalG  serbif  era  edam  up morf  002  ot  004  laudividni  stnemalif  hcihw  era  
hgih ly dednob  ot  ekam  pu  a .dnarts  esehT  ts r sdna  nac  eb  pohc p de  otni  va suoir  

shtgnel  ro  kam otni denibmoc e c o tam,htol r pat e. ehT  ssecorp  fo  erutcafunam  fo  
gl ssa - erbif  tnemec  stcudorp  yam  i evlovn  iyarps n ,g  niximerp g roprocni ro a o noit f 
c nivor suounitno g .s  tI  sah  neeb  resbo v de  taht  noitidda  fo  %01  fo  lg a ss  serbif  by 

emulov  irb n sg  tsomla  owt  sdlof  esaercni  ni  elisnet  htgnerts  dna  us b laitnats  
esaercni  ni  tcapmi  re ecnatsis  fo  rcnoc ete. 
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noitacilppA :  

o sU e s ni d e nil rew gni

o nifooR g nimmiws stnemele g t ,loop a  skn e ct .

o loP y porp y n dna enel y serbif nol

o I rts tcapmi eht esaercn eng .ht

o rev ssessoP y htgnerts elisnet hgih

sebsA t so : 

�I renim a si t a erbif l  

� nerts elisneT g wteb seirav ht ee  065 n a mm/N 089 dn 2. 

serbif nobraC : 
  nerts elisnet a ssessoP g mm /N5182 ot 0112 fo ht 2. 
  niddalc ni desU g  sllehs ,slenap ,  

 LARUTAN F :SERBI  

 tnemecrofnier sa erbif tunocoC

larutaN  icrofnier ng slairetam  ac n eb  bo t denia  ta  wol  tsoc  na d wol  el v sle  of 
ne re gy gnisu  lacol  rewopnam  dna  olonhcet g .y  noitazilitU  fo  larutan  bif r se  sa  a f mro  
fo  etercnoc  tnemecnahne  si  fo  ralucitraP  tseretni  ot  sel s depoleved  snoiger  

wh ere  lanoitnevnoc  lidaer ton era slairetam noitcurtsnoc y  oot era ro elbaliava
.evisnepxe  tunocoC  dna  lasis - erbif  decrofnier  oc n erc te evah  neeb  desu  for ikam ng 

r foo  ti ,sel  agurroc t de  ,steehs  sepip , solis  dna  .sknat  ehT  yrd  tnemec  dna  etagergga s 
erew  im x de  rof  b setunim owt y rotarobal 3m1.0 a ni dnah y .nap rexim

ehT  gnixim  deunitnoc  rof  rehtruf  wef  setunim  elihw  tuoba  %08  fo  eht  retaw  
saw  a dd e .d  ehT  im x gni  saw  deunitnoc  rof  rehtona  wef  setunim  dna  eht  serbif  
erew  def  suounitnoc ly ot  eht  noc c eter  rof  a doirep  fo  2–3 nim  elihw  .gnirrits  

,yllaniF  eht  iniamer ng retaw  gnola  htiw  repus  - icitsalp z re  saw  edda d dna  t eh  
im x gni  saw  deunitnoc  rof  na  tidda lanoi  owt  .setunim  sihT  derusne  a etelpmoc

noitubirtsid  fo  serbif  tuohguorht  eht  etercnoc  .xim  roF  hcae  ,xim  a latot  fo  is x 
ilyc n sred  htiw  noisnemid  fo  mm002×001   dna rew mm001 fo sebuc eerht e ca .ts  
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.5 nialpxE

)i( H cnoc htgnerts hgi er et

ofrep hgiH)ii( rm etercnoc ecna

)iii( G ylop oe m etercnoc re

mec orreF)vi( e tn
rcnoc htgnerts hgiH e  et

 etercnoc ni ecalp eud sti dnif ot worg lliw etercnoc htgnerts hgih fo erutcafunam ehT
nerts hgih stnalp gnihctab nredom eht nI .stifeneb suoivbo eht lla rof noitcurtsnoc  htg

 tuoba erac ekat ot sah eno ,esruoc fO .rennam lacinahcem a ni decudorp si etercnoc
 ,slairetam suoititnemec yratnemelppus fo esu ,setagergga fo epahs ,gninoitroporp xim
 eht fo gnidnatsrednu ,stnempiuqe nredom eht htiW .srezicitsalprepus dna emuf acilis
 a emoceb sah etercnoc htgnerts hgih fo noitcudorp ,slairetam tneutitsnoc eht fo elor

.rettam enituor  erehT  era  laiceps  sdohtem  fo  gnikam  hgih  htgnerts  etercnoc . ehT y ar  e
oleb nevig w  .  

(a) Se ide ng (b) biveR r noita )c( hgiH  ;gnixim yrruls deeps

(d) esU  fo  da serutxim (e) Inh ibi t noi  of c car sk  f(  ruhpluS )  pmi r nge a noit

(g) U es  of mec uoititne s a gg regat se .

S ee id ng: 

hT si  i ovn lves da id ng a sma ll  perc ne tage of finely gro nu d, f lu ly hyd ar ted 
dnaltroP  tnemec  ot  eht  hserf  etercnoc  .xim  ehT  msinahcem  yb  hcihw  siht  si  

us desopp  ot   dia  ts r ne g ved ht e nialpxe ot tluciffid si tnempol . m dohtem sihT a dloh ton y
mu hc  esimorp .  

:noitarbiveR

cnoC er et  underg eo s p al s it c shrink ga e. iM x gni  retaw  setaerc  suounitnoc
yrallipac  ,slennahc  ,gnideelb  dna  retaw  setalumucca  ta  emos  detceles  lp seca . All ht ese 

redu ec  eht  tgnerts h fo  .etercnoc  tnoC r llo ed biver ar ti no  rem vo es all ht ese ed fec st  and 
increa es s ht e st er n htg  of c no rc e .et  

hgiH  deepS  yrruls  :gnixim  

sihT  ssecorp  vlovni se  eht  vda ance pre ap rat oi n of mec ent- retaw   erutxim  hcihw  si  
neht  dnelb de  htiw  etagergga  ot  ecudorp  .etercnoc  Higher comp er ssi ev  ts rength 

bo tain de  si  a tt ri tub ed to more efficient hy rd a it on of ec ment ap rticles and aw ter 
a deveihc  ni  .etsap tnemec fo gnidnelb suorogiv eht   
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esU  of utximdA r :se  
esU  fo  aw t re  icuder ng tnega s era  k nwon  to rp od cu e inc er ased 

erts evisserpmoc n tg h .s  

oitibihnI n of :skcarc  
etercnoC  sliaf  yb  eht  noitamrof  dna  noitagaporp  fo  .skcarc  fI  eht  noitagaporp

fo  skcarc  is ,detibihni  eht  htgnerts  lliw  eb  hgih e .r  Replaceme tn  of 2– %3  of if en  
etagergga  yb  enehtylop  or enerytsylop  selucitnel― � 520.0  mm  kciht  dna  3 ot  4 mm  ni  
 retemaid  stluser  ni  gih h re  ts ren tg h. yehT  raeppa  ot  act sa  c kcar  ar er s ret s wit uoh t 

ne ec ssitat gni  extra w reta   tilibakrow rof y. Concr te e c bu es am de ni  siht  way h va e dleiy ed 
stre tgn h tpu o 501  MPa. 

S lu uhp r Impre ng ta io :n  

otcafsitaS ry hi hg  htgnerts  etercnoc  evah  neeb  decudorp  b gnitangerpmi y  
wol  htgnerts  suorop  etercnoc  by s ruhplu . ehT  secorp s stsisnoc  fo  iom st gniruc  the 

fresh noc crete sp ce i em ns for 42  h uo r ,s  dr niy g them ta  21 0°C for 42  hours, i emm r is n  g ht e 
ps e emic n  ni  netlom  ruhplus  rednu  muucav  rof  2 sruoh  dna  t neh  gnisaeler  eht  ucav um 

dna  soaking them for na  lanoitidda  ½ ruoh  rof  rehtruf  noitartlifni  fo  hplus u .r  Th  e
sulphur-infilt etar d c cno re h et a  s g nevi  

ts reng PM 85 otpu ht a. 

Use of eC em ntit uoi s ga gr ge ates: 
 tI  has b ee n found that use of ec ment ti iou  s  aggreg eta s ah s yielded gih h 

stre tgn h. tnemeC  dnuof  si  dnik  fo  reknilc . sihT  lg a yss  ilc n rek  w neh  f ni le y uorg nd r se ults ni  a 
k ni d of ec ment. nehW  sraoc e yl  hsurc e ,d  ti  makes a dnik  fo  etagergga  nwonk  sa  A AL G. 

gnisU  galA  sa  ,etagergga  erts n htg  tpu o 1 52  PM a sah  b ee n iatbo n de  htiw  
w /reta c  tneme  oitar  23.0  .  

rofrep hgiH m cna e c cno r :ete  

hgiH  ecnamrofreP  etercnoC  )CPH(  si  a ceps i dezila  seires  fo  ercnoc t se  
dengised  ot  edivorp  lareves  b stifene  ni  eht  noitcurtsnoc  fo  tercnoc e serutcurts . hgiH  

ecnamrofrep  etercnoc  ssessop  hgih  level  fo  lla  tcarahc e scitsir  fo  ,etercnoc  erts n ,htg  
ilibarud t ,y  lla  ecivres  efil  rof  tilibarud y etercnoc fo . lanoitnevnoC  etercnoc  d engise d no  

the b sisa  fo  evisserpmoc  erts n tg h od es ton  eem t any lanoitcnuf  stnemeriuqer  hcus  sa  
ilibaemrepmi t ,y  tsiser a ecn  ot  ,tsorf  reht m la  ikcarc ng cte . elihW   etercnoc htgnerts hgih

nerts gnicnahne ta smia g ht .  hgih mret ehT ot desu si etercnoc ecnamrofrep   refer
tirojam eht rof ecnamrofrep deriuqer fo etercnoc y fo  .snoitacilppa noitcurtsnoc  

gnikaM : 
ehT  im x gni  ecneuqes  fo  hgih  amrofrep n ec  oc n eterc  si  sa  .swollof  gnidaoL  fo  eht  

setagergga  dna  ,retaw  noitidda  gniniartne ria eht fo  tnega  ot gnixim dna  poleved  a 
otcafsitas ry ria   elbbub s sy t me  nizilibats dna g ti  . Mi nix g  fo ce tnem  .  repus fo noitiddA
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701  

 laruxelF  erts n shtg  t ipy c la ly 2- aPM3  hi ehg r naht  rof  CPO  con eterc  at eht  
emas  rpmoc e viss e rts eng  ht

 5 ni gninedraH - ad 7 y sv s  . ad 82 y erutarepmet tneibma ta etercnoc CPO rof s  .

    

PROCESS: 

Mater ai ls  

The materials neededt o anufactur em  het  geopoly em  r oncretc  e are het  same as 
hoset  orf  akinm  g ortlandP  cem nte  conc ete,r  ex eptc  orf  het  Portl nda  c mente  . Low 
alciumc  class(  F  ) dry  fly  sa  h  obtain de  romf  a ocall  pow re  station asw  seu  d  sa  the  
sour ec  aterialm  .  oF  r ht  e alkaline activator, a com inationb  fo  sodi  mu  hydrox dei  solution 
nda  odius  m sil catei  solut oni  was  used  

heT  odius  m  ydroxideh  olutions  asw  reparep  d by issolvingd  het  sodium 
hydrox dei  olids,s  ithere  ni  ht  e  ormf  fo  elletp  s  or flakes, ni  aterw  .  xtraE  atew  r and 
Naphthalene Sulfonate-based superplasticiz re  erw  e  lsoa  added ot  mprovei  the 
workability fo  the reshf  fly ash-ba eds  geopoly em  r concre e.t  The so iumd  silicate 
olutions  used conta in de  a2O=14.7%N  , iO2=29.4%S  , nda  5.95  %  fo  wate ,r  by  
assm  . lA  l het  iquidsl  erew  mix de  together before adding tot he solids.

Mixing and Compacting 

heT  ggregatesa  ni  aturates  d  urfaces  dry onditionc  nda  het  dry fly sha  were  
mix de  ni  a  ap  n  mix re  of  r  3-4 mi utesn  . A  t het  nde  fo  th si  mix ng,i  het  liquid 
omponentc  fo  het  geopoly em  r concre et  mixture, i. . e  ht e  combina iont  of ht e  
a kalinel  solution, the  superplasticiser andt he extra water, was add ed ot  the solids,  
andt he mix ngi  ontinuedc  orf  a specified p riod ofe  ti em  . nI t his study,t he wet mixing 
period was designated st hea  ‗mixingt ime .‘  

heT  resf  h oncretec  adh  a tiffs  onsistencyc  nda  asw  glossy ni  appearan e.c  The  
fresh oncretec  asw  het  n astc  in ouldsm  . ompactionC  asw  erformep  d using het  usual 
pra tice,c  ithere  yb  applying trokess  ro  sinu  g  ibrationv  ro  a  ombinationc  fo  othb  .  After 
asting,c  het  concrete samples were cured at an elevated temperaturef or a specified 
peri d oft o ime.  

Curing 

uringC  asw  arriec  d uto  a  t a  pecifieds  levatede  temperatur ,e  ithee  r  ni  a  n oven  
(dry uring)c  ro  ni  a  teams  cha berm  . A  t het  end fo  the curi gn  p  riod,e  the estt  specimens 
we er  le tf  int he moldf or about six oh urs T.  he s mples werea  thenr emoved fromt he 
molds, andl eft ot  air dry int her oomt emperature beforet esting at a specified age

ENGINEERING PRO ERP TIES

 Compressive strengthsr anging from 20-30MPat o 80-100MPa Ref.  1. 
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AVDASID N AT G SE  

o rassecen si rotavitcA y lopoeg eht trats ot y .ssecorp noitasirem

o euD  ot  eht  sregnad  fo  gnildnah  slacimehc  and eht  ibail il ty seussi  ht at
 ,eusne lopoeg y llareneg si etercnoc rem y erp a sa dlos - erp ro tsac - lairetam dexim

F RE R CO EMEN  T CO CN ER TE : 

It is well nwonk  that anoitnevnoc l ier n rof dec  oc ncrete membe sr  are too 
heav ,y  rb i tt le, nac n to  be satisfa tc orily r pe aired if d ama ged, develop cr ca ks a dn  
re ni for ec me tn s are il ab el  to be cor dor de . ehT  evoba  segatnavdasid  fo  lamron  etercnoc  

ekam  ti  tneiciffeni   rof krow fo sepyt niatrec . 

 a si tnemecorreF r iw fo gnitsisnoc lairetam wen ylevitale r  tnemec dna sehsem e
atrom r tI.  oc sn i ts s of c ylesol  sp eca d wi er  sem h se  wh hci  era  imp ger n eta d wi ht  r hci  ce tnem  

mo tr ar im x ehT .  hsem eriw  si  yllausu  fo  5.0  ot  0.1  mm  aid  eriw  ta  5 mm  ot  01  mm  
icaps ng dna  tnemec  ratrom  si  fo  tnemec  nas d itar o fo  1 : 2 ro  1 : 3 htiw  nemec/retaw t 

itar o of .0 4 to 0.4 .5  T eh  orref tnemec  stnemele  era  yllausu  fo  eht  redro  fo  2 ot  3 .mc  
ni  ssenkciht  htiw  2 ot  3 etxe mm r ot revoc lan  r eht e ofni rceme .tn  

ehT  leets  tnetnoc  eirav s neewteb  003  gk  ot  005  gk  rep  cibuc  m ete r fo  .ratrom  
The cisab  aedi  dniheb  siht  lairetam  si  taht  etercnoc  nac  nu ogred  egral  sniarts  
ni   eht neig obh hr doo  o t f eh  re ni for ec m ne  t na d ht am e gn eduti  fo  ts ra sni  depen sd  no  ht e 
di ts r bi u oit n uorht tnemecrofnier fo noisividbus dna g .etercnoc fo ssam eht fo tuoh  

6. oba liated ni ebircseD u segatnavda sti dna eterctohS t .
eterctohS  ro  etinuG  nac  eb  enifed d sa  ratrom  vnoc e dey  hguorht  a 

oh se dna  lacitamuenp ly detcejorp  ta  a hi hg  icolev ty no  ot  a .ecafrus  yltneceR  the 
m dohte  sah  be ne  truf h re  depoleved  by eht  noitcudortni  fo  llams  is z de  esraoc  

gga er etag  otni  eht  xim  detisoped  ot  niatbo  c baredisno ly retaerg  ht i ssenkc  ni  eno  
oitarepo n dna  osla  ot  ekam  eht  ssecorp  lacimonoce  by gnicuder  eht  tnemec  .tnetnoc  
lamroN ly hserf  lairetam  htiw  orez  pmuls  nac  troppus  flesti  tuohtiw  iggas ng or gnileep  

    

ADVANTAGES: 

 geopol mery  oncretec  has significantly hi herg  esistancer  ot  cia  d  then 
ordinary concrete 

 0%8  redu tionc  ni  OC  2  ootprintf  comparing ot  O  CP  , opportunity ot  obtain 
tradable CO2 certificates . 

 anC  b  e seu  d  ni  a  idw  e ran eg  o  f ready-mix, pre- ast,c  nda  pre-stressed/pre-
stc  a  applications 

 xcellenE  t iref  nda  eath  esistance.r  tI  ah  s  ht  e bilitya  ot  emair  n  tables  in 
temperatures of more than 1200 o C   
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The Wet-mix roP cess 

In the wet-mix process the concrete is mixed with water as for ordinary 
concrete before con ve ingy  hrought  het  delivery pipe inel  ot  het  ozzle,n  ta  hicw  h  ointp  it 
si  ettedj  by ompressedc  ir,a  nto  o  het  orkw  ni  het  ames  wa ,y  a  s  hat  t  fo  rd  y  m xi  
process. heT  wet- im  x rocesp  s  ash  eeb  n generally discardedi nf avour oft he dry m- ix 
process, owingt ot he greater success ot hel atter.  

heT  dry- im  x ethodm  s  akem  s seu  fo  hi  hg  velocity ro  owl  velocity system. 
heT  hi hg  velocity uniteg  si  roducep  d  yb  using a mals  l ozzlen  nda  a ighh  ira  pressure  
ot  roducp  e a ighh  ozzlen  velocity fo  abo tu  09  ot  21  0  etrem  s erp  econd.s  This 
results ni  ex eptionac  l oodg  compac ion.t  heT  owerl  velocity uniteg  si  produ edc  using 
l rgea  diameter oseh  orf  argl  e output. The compaction will not be very high. 

Advantages of Wet and Dry rocP ess 
lthoughA  ti  si  ossiblp  e  ot  obtain orem  accur tea  co tn olr  o  f het  water/cement 

ratio ithw  ht  e  ew  t process het  actf  hatt  hist  atior  anc  be eptk  very low ithw  the 
dry proc sse  l ra gely vercomeso  het  obje tionc  fo  the lack fo  accurate ontrol.c  The 
difficulty fo  umpinp  g  light- eighw  t aggregate concrete makes the dry process more 
suitable whent hist ype of aggregatei s used. h eT  dry pro essc  no  ht  e  thero  h nd,a  si  very 
ensitives  ot  the water c ntento  fo  het  sand, oot  wet a s  nda  ausesc  diffi ultiesc  through 
block dea  fo  het  delivery pipeline, a difficulty which oesd  otn  risa  e  ithw  ht  e wet 
rocess.p  heT  owerl  wat r/cemente  atior  obtained ithw  ht  e dry rocessp  probably 
ccountsa  for the esserl  reepc  nda  great re  durability fo  concrete roducedp  ni  hit  s way 
omparedc  ithw  oncretc  e epositedd  by het  ew  t p ocess,r  utb  ai -r entraining gentsa  can 
eb  use toi mprovet he durability of concrete deposited by thel atter means. 

dmixturesA  generally anc  eb  seu  d  m reo  easily ithw  ht  e  ew  t process  
xcepte  orf  accelera ors.t  ocketsP  fo  eanl  mix nda  of eboundr  anc  occur ithw  ht  e dry 
p ocess.r  tI  si  necessary orf  het  nozz lmane  ot  avh  e an area wh ree  he  ac  n dump 
unsatisfactory shotc eter  btainedo  wh ne  h  e i  s adjust ngi  het  wat re  supply or when he is 
havi gn  t oubler  ithw  the equi ment.p  heseT  roublest  nda  het  ustd  azardh  rea  esl  s with 
het  ew  t rocessp  ,  utb  ew  t  rocesp  s  oesd  on  t normally iveg  uchs  a ensed  oncretec  sa  the  
ryd  pro ess.c  orW  k ac  n eb  ontinuec  d ni  orm  e  indlyw  we thera  ithw  ht  e  ew  t rocesp  s than 
ithw  ht  e dry rocessp  , wingO  ot  het  ighh  cap citiesa  btainableo  ithw  conc er et  pumps, a  
igherh  ater  fo  laying fo  concrete anc  probably be achiev de  ni  het  ew  t pro essc  hant  with 
het  dry process. 
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