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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  

 

Downloaded From  : www.EasyEngineering.net

Downloaded From  : www.EasyEngineering.net

www.EasyEngineering.net

http://Easyengineering.net
http://Easyengineering.net


 

7 
 

 .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 n  y

 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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ttil le c so lt ier than low gr da e cement, th ye  o reff  01 - %02  sgnivas  ni  tnemec  
noitpmusnoc  dna  osla  yeht  reffo  ynam  rehto  neddih  stifeneb . enO  fo   tsom eht

tifeneb tnatropmi s retsaf eht si  tar e fo  fo tnempoleved  streng ht .  

dipaR  gninedraH  tnemeC  

• 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 
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content is nk own as Sul hp a et  R se isting Ce nem t. nI  other wor sd , th si  cem ne t ah s a 
high si il ac te c tno ne t. 

ehT  tacificeps C eht stimil yllareneg noi 3  tnec rep 5 ot tnetnoc A  
sU e : s   

) a(  u eb ot etercnoC s de  noitidnoc eniram ni ;  
(b) Concrete ot  be su de  in founda oit n and basement, w eh re soil si  

ni fested wit  h us lp ah t se ; 

)c(  etercnoC  desu  rof  noitacirbaf  fo  sepip  hcihw  a er  ekil ly ot  eb  deirub  ni  
yhsram   noiger ro  sulphate eb ar ni g s io ls; 

(d) ercnoC t  desu eb ot e i t egawes fo noitcurtsnoc eht n r .skrow tnemtae  
dnaltroP  galS  tnemeC  

• oP rtland sl ga  ec ment si  obt ia ned by im xing Por lt and ec ment clinker, 
gypsum an  d  granulated blast ruf n ca e sl ga  ni  su ti ab el  pr po or it o sn  and gr ni ding t eh  
mi tx ure to get hguoroht a  dna  m txi u er  eb tween the co tsn itu ne st . 

• tI  yam  osla  eb  derutcafunam  yb  yletarapes  gnidnirg  dnaltroP  tnemec  ,reknilc  
muspyg   dna  dna gals ecanruf tsalb detalunarg dnuorg  retal  gnixim  meht  .yletamitni  

• hT e resultant product is a cement wh ci h has hp ysical p or perties si im lar ot  
th eso  of ordi an ry oP r lt and ec me tn . In addi it on, it has l wo  heat of dyh r noita  and si  
r ylevitale  be tt er resistant to chlorides, s lio s and water co tn ai nin g ex ec ss ive uoma nt of 
s lu phates ro  la kali em tal ,s  al mu ina and iro ,n  as w le l as, to a ic dic taw ers, a dn  
ht e fer o er , ht si  ac n eb  us de  for m ira ne work  s with tnavda a .eg  

 

• hT e manufacture of blast furnace ls a  tnemec g h d neeb sa e lev o ep d pr ami r yli  
ot  ezilitu  tsalb  ecanruf  s ,gal  a etsaw  tcudorp  morf  tsalb  furnac se . T eh  deve pol ment 
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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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etsisnoC dradnatS n  yc T se  t  

• roF  findi gn  tuo  i in it al setting it me, final setting mit e and so nu dness of 
cem ne t, an  d  ts r htgne  a emarap t re  nwonk  sa  adnats rd  ycnetsisnoc h sa  ot  eb  esu d  .  

• ehT  dradnats  ycnetsisnoc  fo  a tnemec  etsap  si  denifed  sa  taht  ycnetsisnoc  
hcihw  timrep lliw  a taciV  ulp n reg  gnivah  01  mm  retemaid  dna  05  mm  tgnel h ot  

etartenep  ot  a htped  fo  33 - 53  mm  morf  eht  pot  fo  eht  dluom  ehT.  sutarappa  si  dellac  
taciV  sutrappA .  

hT is a pp artus si  esu d to f dni  tuo  ht e per tnec age of water re uq ir de  ot  pr udo ce a 
ec ment p sa te fo  stand ra d c no sis tency or no mr al oc sn istency.  
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P rudecor e  :  

 ekaT  tuoba  005  smg  fo  tnemec  dna  eraperp  a etsap  htiw  a ew i dehg  qu itna ty 
fo  retaw s( ay 42  rep  tnec  b ew y i hg t fo  tnemec ) rof  eht  rif st lairt  .  

 ehT  etsap  tsum  eb  ellif d tni o eht  aciV t uom dl  htiw in 3-5 mi .setun  retfA  
etelpmoc ly gnillif  eht  ,dluom  ekahs  eht  dluom  ot  lepxe  .ria  adnats A r egnulp d r  01 ,

etemaid mm r  gnol mm 05 ,  si  dehcatta  dna  thguorb  nwod  ot  hcuot  eht  ecafrus  
fo  eht  etsap  ni  eht  tset  kcolb  na d  ylkciuq  aeler s de  gniwolla  ti  knis ot  otni  eht  

etsap  by sti  o nw  ew i .thg  
 ekaT  eht  r idae ng by ton i gn  eht  htped  of noitartenep  fo  eht  ulp n .reg  noC d tcu  a 

dn2  rt ial yas(  htiw  52  rep  tnec  fo  )retaw  dna  dnif  tuo  eht  tenep fo htped  fo noitar
.regnulp  

 ,ylralimiS  tcudnoc  slairt  htiw  rehgih  dna  rehgih  tnemec/retaw  soitar  llit  hcus  
emit   eht  egnulp r tenep r seta  rof  a htped  fo  33 - 53  mm  orf m eht  .pot  tahT  

ralucitrap  egatnecrep  fo  retaw  hcihw  swolla  eht  regnulp  ot  etartenep  ylno  ot  a 
htped  of 33 - 53  mm  morf  eht  pot  si  nwonk  sa  eht  necrep t ega  of taw re  uqer i er d to 

p cudor e a ec m tne  etsap  of st dna ard oc nsist cne y. hT is ep ecr tn ga e si  usu la ly 
deno et d as ‗P .‘  

 ehT  tset  si  deriuqer  ot  eb  detcudnoc  ni  a tnatsnoc  erutarepmet  °72(  + )C°2  dna  
tnatsnoc  tidimuh y  .)%09(  

nitteS g Ti em  T se t  
• I laitin  teS t gni  Ti em  is the time le apsed be wt ee n ht e mo em nt that t eh  wa et r is 
a dd ed to ht e ceme ,tn  ot  eht  it me ht at eht  pa ts e star st  ol s ni g i st  plasti ic t .y  

• ehT  lanif  gnittes  emit  si  eht  emit  despale  neewteb  eht  tnemom  eht  retaw  si  
dedda  ot  eht  ec m tne , na d ht e t mi e hw en the paste has com lp etely lost its plastic yti  a dn  
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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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S rt ength eT s  t  
T eh  com serp is ev  ts re tgn h of hardened c me e tn  is eht  most importa tn  of all ht e 
properti se . Streng  ht  stset  era  ton  edam  no  taen  tnemec  etsap  esuaceb  fo  

seitluciffid  fo  evissecxe  egaknirhs   dna  uqesbus ne t rc ca king of neat c me e tn . 
ertS n htg  of tnemec  si  tceridni ly f dnuo  no  tnemec  s na d ratrom  ni  cificeps  

orp p oitro sn .  

• 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 r  m
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, 
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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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senif  eulav  tset  swohs  a  doog  erroc l noita  htiw  eht  ats n drad  ihsurc ng v eula  t tse  rof  
orts ng gga er etag s while rof  we  reka  agergga t se  siht  tset  si  erom  evitisnes  dna  evig s a 
reurt  ip c erut  fo  ht e secnereffid  wteb e ne  om r  ro e .selpmas kaew ssel  

• tI  dluohs  eb  deton  taht  ni  eht  01  rep  tnec  senif  eulav  tset  ekilnu  eht  gnihsurc  
eulav  ,tset  a rehgih  remun i lac  tluser  setoned  a gih her erts ngth fo  eht  a agergg te. ehT  
liated  fo  siht  tset  si  nevig  ta  eht  dne  fo  iht s retpahc  nu d re  gnitset  of agergga t .e  

2) o noitanimreted rof tseT f ’eulav senif tnec rep net‘  : 
• ehT  elpmas  fo  etagergga  rof  siht  tset  si  eht  emas  sa  taht  fo  eht  elpmas  desu  rof  

gga er etag  gnihsurc  eulav  .tset  ehT  t tse  elpmas  si  erp p dera  in eht  emas  way sa  
d ircse b de  ea .reilr  ehT  c rednily  fo  eht  t tse  sutarappa  si  decalp  ni  tisop ion no  eht  b esa  
pl eta  dna  t eh  tset  pmas le dedda  ni  ,sdriht  cae h driht  gnieb  etcejbus d ot  52  sekorts  by 

ipmat ng dor . ehT  ecafrus  fo  eht  etagergga  si  luferac ly dellevel  dna  eht  regnulp  
detresni  os  taht  ti  ser st  iroh z latno ly no  rus siht caf .e  

• ehT  ,sutarappa  htiw  eht  tset  elpmas  dna  regnulp  ni  noitisop  si  decalp  ni  eht  
sserpmoc i no  gnitset  .enihcam  ehT  daol  si  deilppa  ta  a nu i mrof  etar  so sa  ot  suac e a 

ot t la  tenep r ta i no  fo  eht  regnulp  ni  01  setunim  fo  :tuoba  .51 00  mm  rof  dednuor  
ro  laitrap ly ro dednu  setagergga  rof(  ex elpma  dehsurcnu  arg v )sle  0.02  mm  rof  amron l 

surc h de  agergga t ,se  and enoh rof mm 0.42 y ga debmoc g of( setager r  ,elpmaxe
als dna selahs dednapxe g .)s  

• retfA  ihcaer ng eht  iuqer r de  am x mumi  ,noitartenep  eht  daol  si  desaeler  na d eht  
elohw  fo  eht  airetam l evomer d morf  eht  c rednily  dna  si deve  no  a 63.2  mm  .S.I  veiS e. 

ehT  senif  gnissap  eht  eveis  si  dehgiew  dna  eht  ew i thg  si  desserpxe  sa  a p tnecre a eg  of 
eht  ew i thg  fo  eht  tset  pmas l .e  sihT  tnecrep a eg  dluow  llaf  iw niht  eht  egnar  5.7  ot  ,6.21  
tub  fi  ti  seod   ,ton  a htruf er tset  llahs  be edam  ta  a daol  tsujda ed sa  se sme  

orppa p tair e ot  gnirb  eht  htiw senif egatnecrep  eht  ar n eg  fo  5.7  ot  5.21  rep  .tnec  
taepeR  tset  si  edam  dna  eht  daol  si  atnecrep a sevig hcihw tuo dnuof g  nihtiw senif fo e

nar eht g .5.21 ot 5.7 fo e  

L r dao e  rep 01 rof deriuq ec = senif tn  
 X ,erehw = nisuac ,snot ni daol g .senif tnecrep 5.21 ot 5.7  

atnecrep naem = Y g daol snot X ta stset owt morf senif e  .  
3. eT st f ro  d ete r im n oita n of gA g er gate I pm ca t aV lue 

• iW th res tcep  ot  cnoc r ete  a gg reg seta , nhguot se s is usually oc n is ed er d the 
re is ats nce of eht  lairetam  ot  eruliaf  yb  tcapmi . Se ev r la  etta m tp s ot  ed v ole p a me oht d of 
et st for aggregates imp ca t va ul e have b ee n made. The m so t successf lu  is eht  no e ni  
hw i hc  a sample of ats n ad rd etagergga  tpek  ni  a dluom  si  detcejbus  ot  neetfif  swolb  fo  a 

latem  remmah  fo  thgiew  41  K sg . gnillaf  fr mo  a eh i hg t of 38 mc s. 
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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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D ro ry Abrasion Test  

This et st is not cov re ed by Indian Standard Sp ce fi ica oit n. T eh  test 
ni volves i  n subjecting a cy rdnil ical ps ce mi en of 52  cm height and 25 cm 
id a retem  ot  ht e ba r oisa n   tsniaga  gnitator  met la  disk delknirps  tiw h trauq z .dnas  The 

ssol  ni  thgiew  fo  eht  cyl dni er afte  r 0001  rev lo uti sno  of the t ba le i  s determined 

 .4 nialpxE   liated ni abo tagergga ni deirrac tset eht tu e.  
hT ga ni tuo deirrac tset suoirav e g er ag  et a er  

 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  
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• sseneniF  suludom  si  na  laciripme  rotcaf  iatbo n de  by idda ng eht  italumuc ve 
segatnecrep  fo  etagergga  er t denia  no  hcae  fo  eht  dradnats  eis v se  ar n ig ng morf  08  mm  

ot  051  norcim  dna  gnidivid  siht  mus  by na  artibra ry rebmun  10 .0  ehT  regral  eht  fi ,erug  
eht  resraoc  si  etam eht r .lai  

niwollof ehT g am stimil y kat eb e  sa n g cnadiu e: 
F s eni a dn  : suludoM sseneniF  :  2.2 - 6.2  

dnas muideM  : .M.F  :  6.2 - 9.2  
sraoC e dnas  : F .M.  : 9.2  - 2.3   
nivah dnas A g of elbatiusnu eb lliw 2.3 naht erom suludom ssenenif a r gnikam  

rotcafsitas y .etercnoc  

eteD rof tseT )2  : xednI ssenikalF fo noitanimr  
 ehT  ssenikalf  xedni  fo  gga er etag  si  eht  p tnecre a eg  by ew i thg  fo  selcitrap  ni  ti  

ohw es  tsael  noisnemid  )ssenkciht(  is ssel  naht  eerht - shtfif  fo  rieht  naem  .noisnemid  
ehT  tset  llams sezis ot elbacilppa ton si e ht r a mm 3.6 n .  

• sihT  tset  si  detcudnoc  by gnisu  a em t la  ssenkciht  ag u ,eg  o  f eht  d noitpircse  nwohs  ni  
Fi .g  itnauq tneiciffus A ty fo  etagergga  si  nekat  hcus  taht  a muminim  rebmun  fo  002  

seceip  fo  yna  noitcarf  nac  eb  set t .de  hcaE  noitcarf  si  ag u deg  ni  rut n rof  kciht ness no  
eht   latem  ga gu e. The latot  tnuoma  gnissap  ni  the egaug  si  giew h de  ot  na  arucca cy fo  
1.0  rep  c tne   fo thgiew eht fo edni ssenikalf ehT .nekat selpmas eht x a nekat si s latot eht  

hgiew t t fo he lairetam  gnissap  eht  suoirav  ssenkciht  ag u seg  ex desserp  sa  a 
ecrep nta eg  fo  eht   latot  thgiew  fo  eht  elpmas  ta .nek  elbaT  swohs  eht  dradnats  

snoisnemid  fo  ssenkciht  dna  nel g  ht g gua es. 

 
 

Downloaded From  : www.EasyEngineering.net

Downloaded From  : www.EasyEngineering.net

www.EasyEngineering.net

http://Easyengineering.net
http://Easyengineering.net


 

62  
 

 
Di snoisnem  fo  ihT c ssenk  dna  neL tg h Gaug se  ( SI : 832 6 P( a tr  )I  – 3691  
 

reteD rof tseT )3 m xednI noitagnolE fo noitani   :  
 

• ehT  noitagnole  xedni  no  na  etagergga  si  eht  p necre t ega  by w thgie  fo  
selcitrap  esohw  tsetaerg  noisnemid  el( n )htg  si  aerg t re  naht  1 8.  semit  rieht  

naem  .noisnemid  ehT   ton si xedni noitagnole a ht rellams sezis ot elbacilpp a mm 3.6 n .  

• sihT  tset  si  detcudnoc  yb  isu ng latem  el n htg  gu ega  fo  the ed s noitpirc  nwohs  
ni  A.giF  tneiciffus  itnauq ty fo  etagergga  si  t neka  ot  vorp i ed  a muminim  ebmun r of 002  

eip c se  fo  na y detset eb ot noitcarf  .  

• hcaE  noitcarf  llahs  be deguag  laudividni ly rof  l tgne h no  ht e latem  g au eg . 
ehT  htgnel egaug  us de  llahs  be aht t iceps f ei d ni  nmuloc  of 4 fo  baT le rof  ht e 

pa pr tairpo e is ze iretam fo a .l  ehT  latot  oma u tn  deniater  by the egaug  htgnel  llahs  eb  
ew igh de  ot  an cca u ar c iew eht fo tnec rep 1.0 tsael ta fo y g t eht fo th e lpmas ts e kat s en  .  

• ehT  noitagnole  edni x si  eht  latot  thgiew  fo  eht  lairetam  deniater  no  ht e 
suoirav  htgnel  seguag  ex desserp  sa  a p egatnecre  fo  eht  latot  ew i thg  fo  eht  elpmas  

ag u eg d. ehT  ecneserp  fo  ole n detag  elcitrap s in ex ssec  fo  01  ot  51  p re  tnec  si  
lareneg ly deredisnoc  barisednu l ,e  r on tub e oc g ra stimil dezin e .nwod dial  
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sud enif dna tlis enif ,yalc fo noitanimreteD rof tseT )4 t  :  

rtemivarg a si sihT  eht gninimreted rof dohtem ci c al y  tsud enif dna tlis enif ,
hcihw  lcitrap sedulcni e im 02 otpu s c raperp si tset rof elpmas ehT.snor e  niam eht morf d

nikat ,elpmas g rac ralucitrap e ht a eht t  roc a sniatnoc elpmas tset r  eht fo noitroporp tce
m renif a et rial  .  ehT of nekat elpmas fo tnuoma r  a ni si tset eht c T htiw ecnadroc a  elb  

suD eniF dna tliS eniF ,yalC fo noitanimreteD rof elpmaS fo thgieW t  

 
 
 
 
 
 
 
 
 
 
 

• noitatnemideS  ettepip  fo  eht  noitpircsed  nwohs  ni  .giF  11.3  si  desu  rof  
noitanimreted  fo  lc ay dna  tlis  noc t .tne  nI  t eh  ac se of enif  tagergga e, etamixorppa ly 003  

mg . fo  selpmas  ni  eht  ria -dry ,noitidnoc  gnissap  ht e 57.4  mm  SI  ,eveiS  si  wei dehg  dna  
lp a dec  ni  eht  s rc ew deppot  ssalg  ,raj  rehtegot  htiw  003  lm  fo  detulid  muidos  ox etala  

.noitulos  ehT  rebbur  wa dna rehs  xif era pac ed  . w erusne ot nekat si eraC a it ret g .ssenth  
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• ehT  raj  si  neht  or t deta  ab tuo  sti  gnol  axis tiw h siht  ax si  iroh z ,latno  ta  a deeps  fo  
08  ± 02  snoitulover  rep  etunim  rof  a doirep  of 15 mi .setun  tA  eht  dne  of 15 

mi setun  eht  noisnepsus  si  deruop  ni ot  0001  lm  gnirusaem  cyl edni r dna  eht  eudiser  
dehsaw  by eltneg  gnilriws  dna  oitatnaced n fo  evisseccus  051  ml snoitrop  fo  muidos  

ox etala  ,noitulos  c eht ot dedda gnieb sgnihsaw eht y  edam si emulov eht litnu rednil
.lm 0001 otpu  

• I ga esraoc fo esac eht n g ger iew eht eta g  elbatius a ni decalp si elpmas deh
,reniatnoc   rep mg 8.0( noitulos etalaxo muidos fo emulov derusaem a htiw derevoc

suorogiv detatiga ,)ertil ly ot  evomer  la l enif  retam i la  derehda  dna  eht  diuqil  
noisnepsus  derrefsnart  ot  eht  0001  lm  irusaem ng c dnily e .r  sihT  ssecorp  is detaeper  

llit  lla  lc ay m laireta  sah  b nee  erefsnart d ot  eht  c nily d .re  ehT  emulov  is made otpu  
0001  ml htiw  s uido m ox  etala .noitulos  

• lhguoroht si rednilyc gnirusaem eht ni noisnepsus ehT y dexim  . hT e  ettepip A  si
ht en tneg ly wol e der  litnu  eht  ettepip  sehcuot  eht  ecafrus  fo  the ,diuqil  dna  neht  

derewol  a rehtruf  01  mc  otni  eht  .diuqil  eerhT  setunim  retfa  gnicalp  eht  ebut  ni  ,noitisop  
eht  b dellif si B pat fo erob eht dna A ettepip y ninepo g lppa dna B y  ta noitcus eltneg gni
A.C  llams  us sulpr  may be ward n pu  ni to ht e lub b wteb e ne  at p B na d but e C, tub  

ht is si  awa nur ot dewolla y na dna y  morf retaw dellitsid htiw tuo dehsaw si rettam dilos
ehT.E  ettepip  si  neht  devomer  morf  ht e m irusae ng c rednily  dna  its noc te stn  nur  

ni to a dehgiew  niatnoc .re  The stnetnoc  fo  ht e niatnoc re  si  deird  ta  °001 C ot  11 0°C ot  
tnatsnoc   delooc ,thgiew a hgiew dn e .d  

alc dna tils enif eht fo egatnecrep ehT y lumrof eht morf detaluclac si tsud enif ro a.  

 
 

hw ere iew = 1W g iro eht fo mg ni th g .elpmas lani  
iew = 2W g  ni th gm eudiser deird eht fo  

 V = mulov e ht fo lm ni e  ettepip a dn  
 ni thgiew = 8.0 g  noitulos detulid fo ertil eno ni etalaxo muidos fo m  

 
tanimreteD rof tseT )5 i eitirupmI cinagrO fo no s  :  

• sihT  tset  si  na  orppa x etami  dohtem  rof  gnitamitse  rehtehw  ro cinag  
nuopmoc ds era   ytitnauq elbanoitcejbo na ni dnas larutan eht ni tneserp o  eht nihtiw r

timil elbissimrep  .  

• ehT  dnas  morf  eht  utan r la  ecruos  si  set t de  sa  d derevile  dna  tuohtiw  dryi .gn  A 
053  lm  gr detauda  cl rae  ssalg  ob t elt  si  dellif  ot  eht  57  lm  kram  htiw  3 rep  nec t ulos t noi  

fo  dos i mu  hy retaw ni edixord  
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• al dnas eht yb derusaem emulov eht litnu yllaudarg dedda si dnas ehT y  521 si re
.lm  

• ehT  emulov  si  neht  ma ed  pu  ot  002  lm  by ad gnid  om re ulos t .noi  ehT  tob t el  
si  neht  drappotS  dna  nekahs  suorogiv l .y  gnidoR  osla  yam  be dettimrep  ot  olsid d eg  
any or cinag  rettam  gnirehda  ot  eht  larutan  dnas  by isu ng ssalg  .dor  ehT  diuqil  si  neht  

dewolla  ot  dnats  42 rof  ehT .sruoh  ruoloc  fo  siht  diuqil  retfa  42  sruoh  si  derapmoc  htiw  a 
st dradna  ulos t noi  hserf ly aperp r ,de  as lof l :swo  ddA  5.2  lm  of 2 p re  c tne  ulos t noi  fo  
t cinna  a dic  ni  01  p h muidos tnec rep 3 a fo lm 5.79 ot ,lohocla tnecre y .noitulos edixord  

• ecalP  ni  a 053  .lm  ,elttob  ,reppots  ahs ke vi suorog ly na d wolla  ot  ats nd rof  
42  oh u sr  erofeb  nosirapmoc  htiw  eht  noitulos  evoba  dna  d debircse  ni  ht e erp ced gni  

.hpargarap  evitanretlA l ,y  na  tnemurtsni  ro  deruoloc  eca t eta  steehs  rof  gnikam  eht  
co nosirapm  nac  eb  ,deniatbo  tub  ti  si  elbarised  taht  eseht  dluohs  eb  deifirev  no  tpiecer  
by c nosirapmo  dnats eht htiw a .noitulos dr  

reteD rof tseT )6 m : ytivarG cificepS fo noitani  
I  noitacificepS dradnatS naidn I II traP( 6832 : S I  serudecorp suoirav sevig 3691 fo )

dnif ot   cificeps eht tuo g tivar y ga fo sezis tnereffid fo g er g seta  . niwollof ehT g rudecorp e 
 si a ilpp ac elb  ga ot g er g .mm 01 naht regral ezis eta  

 
ergga fo elpmas A g k 2 naht ssel ton eta g nekat si  . lhguoroht si tI y  ot dehsaw

selcitrap renif eht evomer  dna  tsud  gnirehda  ot  eht  gga er .etag  tI  si  neht  lp a dec  ni  a eriw  
teksab  na d sremmi ed ni  dellitsid  retaw  ta  a t utarepme re teb w nee  22 ° ot  °23 C. 

aidemmI et ly etfa r ,noisremmi  eht  eppartne d ia r si  devomer  morf  the elpmas  by tfil i gn  
the b teksa  gniniatnoc  it 52  mm oba ve th  e  niwolla dna knat eht fo esab g  52 pord ot ti

 fo etar eht ta semit a es rep pord eno tuob c. gniruD  eht  ,noitarepo  erac  si  nekat  taht  
eht  ab teks  dna  etagergga  rem ia n etelpmoc l  y  

desremmi  ni  aw t .re  They era  tpek  ni  w reta  rof  a p doire  fo  24 ± 2/1  ruoh s retfa w .sdra  
ehT  sab k te   a ta retaw ni )1A thgiew( dehgiew dna detloj neht era etagergga dna

C °23 ot °22 erutarepmet  . ehT  teksab  dna  eht  agergga te era  neht  devomer  morf  retaw  
na d dewolla  ot  niard  rof  a f we  setunim  dna  neht  ht e tagergga e si  nekat  tuo  rf om eht  

teksab  na d lp a ec d no  dry htolc  dna  eht  ecafrus  si  tneg ly deird  htiw  eht  .htolc  ehT  
gga r etage  si  tr errefsna d ot  the noces d dry htolc  dna  uf r reht  ird e pme ehT .d ty  si teksab

retaw ni desremmi niaga , 2 detloj 5 semit  ew dna igh  ni de w reta  
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( ew ig )2A th  . ehT  etagergga  si  ex desop  ot  erehpsomta  wa ay fr mo  tcerid  thgilnus  rof  
n to  ssel  naht  setunim 01  litnu  ti  sraeppa  etelpmoc ly su ecafr  dr .y  ehT  n ht e rgga e tag e si  
w ehgie d ni  ria  ( ew i thg  .)B  

 
nehT  eht  tagergga e si  tpek  ni  eht  evo n ta  a met p utare re of 001  ot  C°011  dna  

eniatniam d ta  ht is erutarepmet  rof  42  ± /1 2 .sruoh  tI  si  then ooc l de  ni  eht  ria -ti thg  
,reniatnoc  dna  wei dehg  ew( i thg  .)C  

 
 ni thgiew eht =A ,erehW g ga detarutas eht fo m g er g  1A( retaw ni eta – )2A ,  

ecafrus detarutas eht fo mg ni thgiew eht = B - rd y  dna ,ria ni etagergga  
iew eht = C g nevo fo mg ni th - ga deird g ria ni etager  .  

tisneD kluB fo noitanimreteD rof tseT y sdioV dna  
tisned kluB y fo thgiew eht si   a ni lairetam g  gk ni desserpxe yllamron si tI .emulov nevi

pe rtil r e  . c A y lbareferp erusaem lacirdnil y  si snoisnemid lanretni etarucca ot denihcam
rof desu  nirusaem g tisned klub y tisned klub gnirusaem rof reniatnoc eht fo ezis ehT . y  si

elbaT ni nwohs  
eziS   tseT ytisneD kluB rof reniatnoC fo  

 
 dexim ylhguoroht htiw emit hcae 3/1 tuoba dellif si erusaem lacirdnilyc ehT

tagergga e  b sekorts 52 htiw depmat dna y nipmat dedne tellub a g  retemaid mm 61 ,dor
nol mc 06 dna g. lluferac si erusaem ehT y level ffo kcurts   thgiarts a sa dor gnipmat gnisu

egde  . hgiew ten ehT t  ergga eht fo g rusaem eht ni eta e  klub eht dna denimreted si
tisned y k ni detaluclac si g rtil/ e. 
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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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ot  etercnoc  is  muidos  rraw mpp 001 fo tnetnoc edihplus a neve dna edihplus a  stn
te nits g. 

stliS  dna  dednepsus  selcitrap  era  elbarisednu  sa  yeht  erefretni  tiw h ,gnittes  
inedrah ng dna   dnob cha ar c et r scitsi  . tidibrut A y  neeb sah mpp 000,2 fo timil

i ehT.detseggus laitin  gnittes  emit  fo  eht  tset  kcolb  edam  htiw  a ec m tne  dna  the taw er 
oporp sed ot  eb  desu  llahs  ton  fid f re  by 03±  setunim  morf  eht  in laiti  tes t gni  emit  of 

eht  tset  lb o kc  dam e  tnemec emas htiw a llitsid dn e w d a et r. 

 

bareloT le C no cent itar ons of So em  I rupm ities in xiM ing 
W reta  

 gniwollof ehT g nidrager noitaredisnoc otni nekat eb osla dluohs senilediu g uq eht a ytil  of 
wa et r. 

 nisu retaw fo elpmas lm 001 ezilartuen oT g tponehp  ti ,rotacidni na sa enilah
dluohs  N lamron 20.0 fo lm 5 naht erom eriuqer ton a .HO  

 n oT e tu s fo lm 001 esilar a uohs ti ,rotacidni dexim gnisu ,retaw fo elpm l  ton d
eriuqer  mron 20.0 fo lm 52 naht erom a OS2H l 4 

 

Downloaded From  : www.EasyEngineering.net

Downloaded From  : www.EasyEngineering.net

www.EasyEngineering.net

http://Easyengineering.net
http://Easyengineering.net


 

33  
 

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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dnahtrohs lacimehC   
 etoned ot desu si mrof dnahtrohs a ,tnemec fo erutan lacimehc xelpmoc eht fo esuaceB

ht rof dnahtrohs ehT .sdnuopmoc lacimehc eht :si sdnuopmoc cisab e   
  

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  
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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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 .5  fo noitacifissalc eht etirW f sa yl h. 
Fly si  alc s is f ei d otni  t ow  .sessalc  

ssalC  :F  

Fly hsa  lamron ly p decudor  by rub n gni  eticarhtna  ro  tib umi on us ,laoc  usu ally 
sah  ssel  naht  5% OaC . alC ss F lf y sa h sah  op z loz a cin  itreporp es no l .y  

ssalC  :C  

Fly hsa  on r lam ly p decudor  by rub n gni  etingil  ro  sub- tib u nim o su  laoc . Some 
alc ss C lf y hsa  may vah e CaO tnetnoc  in secxe s of %01 . nI  ad noitid  to op z inaloz  c
orp p ,seitre   ssalc  C lf y hsa  sla o op s es sess  ceme titn ious rp o eitrep s  .  

6. etirW  the vda a atn g se  fo  GG BS ni  c ercno t .e  
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  
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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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 . P  TRA - B 
 

)1  Ex nialp  ni  d liate  ab tuo  eht  er t .sredra  
A ter a redr  si  na  admi erutx  t tah  ls o sw  nwod  eht  hc e lacim  ssecorp  of 

h tardy i no  os  taht  etercnoc  re iam ns citsalp  dna  elbakrow  f ro  a egnol r emit  naht  
cnoc r ete  ohtiw ut eht  edrater r. teR a sredr  ra e desu  ot  evo rco em  ht e gnitarelecca  

eff tce  of hgih  te epm r eruta  on es gnitt  rp o seitrep  of co etercn  ni  oh t ehtaew r 
c gnitercno .  

ehT  ater rd sre  era  desu  ni  nitsac g na d tadilosnoc i gn  al r eg  nu rebm  of sruop  
uohtiw t ht e f tamro i no  of dloc  ioj n .st  hT ey are sla o esu d in tuorg ing lio  sllew . iO l 

lew ls era  so tem imes nekat  u otp  a htped  of tuoba  6 000  retem  ed ep erehw  eht  
te tarepm u er  ma  y  eb  tuoba  20 C°0 . T eh  a ralunn  caps i gn  wteb een eht  leets  tu eb  na d 
t eh  llaw  of eht  we ll  lliw   evah  ot  eb  s delae  wi ht  tnemec  org ut.  

ateR r nid g mda i serutx  era  so tem imes desu  ot  bo t nia  xe p deso  etagergga  l koo  
ni  oc rcn e et . T eh  ater dr re  rps ayed to ht e rus f eca  of eht  for rowm k, pr stneve  t eh  
ah r gnined  of irtam x ta  eht  i retn f eca  of tercnoc e dna  for ,krowm  aerehw s ht e re ts  of 
eht  co etercn  steg  .denedrah  

ehT  ap rp o etairp  a om u tn  of gypsum to eb  desu  tsum  be d ete r denim  ac ref lu ly  
f ro  eht  nevig  .boj  esU  of g spy um f ro  eht  esoprup  of gnidrater  gnittes  ti em  si  

no l  y  cer o dnemm ed w neh  a etauqed  i itcepsn on and ortnoc l si  lbaliava e, o esiwreht , 
itidda on fo  ssecxe  a tnuom  may ca esu  barisednu le apxe n nois  dna  edni f etini  ed lay 

ni  eht  es t gnit  of tercnoc e  .  

nI  a tidd i no  ot  gypsum ereht  a er  nu ebm r of rehto  slairetam  f dnuo  to eb  
elbatius  f ro  siht  oprup s .e  hT ey ra e: ,sehcrats  esolullec  orp d ,stcu  us g ,sra  sdica  ro  

stlas  fo  dica s. Th ese  hc e lacim s may h eva  av r elbai  a tc i no  no  id ff tnere  t epy s fo  
nemec t ehw n desu  ni  fid f tnere  seititnauq . selnU s ecneirepxe  has neeb  dah  htiw  

a ,redrater  sti  esu  sa  na  ad rutxim e uohs ld not eb  tta e etpm d uohtiw t t lacinhce  
a ecivd . Any mi ekats  dam e ni  th si  tcepser  may evah  di as s suort  snoc e .secneuq  

Co omm n ragus  is no e of eht  m tso  eff evitce  nidrater g tnega s esu d as  na  
ad erutxim  f ro  ed la iy ng eht  es t gnit  ti em  of etercnoc  wi tuoht  rted ime latn  eff tce  no  

eht  tlu i etam  nerts g ht . ddA i noit  of evissecxe  ma ou stn  lliw  esuac  edni finite led ay ni  
tes t gni . tA  on r lam  te arepm t seru  a noitidd  of ragus  50.0  ot  01.0  rep  tnec  evah  elttil  

fe f tce  no  eht   etar  of h dy r ,noita  tub  if ht e itnauq ty is desaercni  to 2.0  rep  ,tnec  
hyd tar i no  nac  eb  dedrater  ot  hcus  na  txe e tn  taht  f ni la  tes  may n to  ekat  p cal e f ro  27  

sruoh  ro  .erom  

kS i emm d klim  p redwo  niesac( ) sah  a idrater ng eff tce  ma ni ly eud  to gus ar 
netnoc t. ehtO r admixt seru  wh hci  evah  eeb n sseccus f lu ly esu d as nidrater g 
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tnega s era  ongiL  plus h cino  ica ds dna  rieht  tlas s, h ordy xylat de  obrac xyl ci  dica s dna  
rieht  stlas  ihw ch ni  noitidda  ot  eht  reta gnidr  eff tce  osla  ecuder  eht  itnauq ty of 

aw t re  riuqer e tnem  f ro   a  nevig  row k iliba ty. ihT s osla  aercni s se  82  days co isserpm ve 
nerts g ht  by 10 ot  02  rep  .tnec  

retaw/gnidrater fo tceffE - da gnicuder m rutxi e gnittes no s  

 pu dliub htgnerts dna emit  

 
 

)2  Ex nialp  ni  d liate  ab tuo  eht  Ac tarelec ors. 
eleccA r gnita  admi serutx  era  ad ded  ot  con eterc  ot  ercni a es  eht  r ta e of rae ly 

ts r htgne  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  

 rap lait 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  

 ni  eht  e rem g ne cy er pair .krow  

In eht  p tsa  eno  of eht  oc mm only esu d airetam ls sa  na  tarelecca or 
was iclac um hc l ediro . ,tuB  won  a days it is ton  us .de  daetsnI , so em  of eht  elbulos  
c tanobra e ,s  setacilis  f setacilisoul  a dn  so em  of eht  nagro ic co nuopm ds hcus  sa  

lonehteirt a enim  era  .desu  

leccA e ar t sro  hcus  sa  f acilisoul t se  dna  onehteirt la im ne era  
evitarapmoc ly visnepxe e. T eh  tnecer  seiduts  evah  nwohs  that iclac um lhc o edir  si  

h mra f lu  f ro  nier f decro  etercnoc  na d ertserp s des  .etercnoc  tI  may eb  desu  f ro  
nialp  tnemec  noc c eter  in vitarapmoc ely hgih  od es .  

So em  of eht  elecca r rota s dorp u dec  seht e days ra e so rewop f lu  ht at 
it si  elbissop  ot  ekam  eht  c me e tn  tes  otni  enots  ha dr  ni  a rettam  of f evi  mi setun  era  

Downloaded From  : www.EasyEngineering.net

Downloaded From  : www.EasyEngineering.net

www.EasyEngineering.net

http://Easyengineering.net
http://Easyengineering.net


 

14  
 

ssel . htiW  eht  ibaliava lity of us ch rewop f lu  tarelecca ro , eht  rednu  retaw  
c no gniterc  sah  ceb o em  ysae . Si ralim ly, eht  re riap  row k aht t luow d be deirrac  tuo  
to ht e wa ret f tnor  erutcurts s ni  eht  noiger  of ladit  av r snoitai  ah s eb oc em  eas .y  T eh  

esu  of hcus  p rewo f lu  srotarelecca  evah  f ,detatilica  eht  base nem t taw e oorpr f gni  
snoitarepo . nI  eht  f dlei  of erp f noitacirba  osla  ti  sah  ceb o em  na  in av l lbau e retam i .la  

sA  t eh se slairetam  c dluo  be us de  pu  ot  1 ,C°0  they f dni  na  oitseuqnu n elba  esu  ni  
c lo d rehtaew  oc n .gniterc  

So em  of t eh  om d nre  oc remm c ai l tarelecca i gn  lairetam s era  Mc- lenhcS l ,CO  
cM - lenhcS l DS S, cM - lihterkroT fe ,EB  nam fu derutca  by Mc-B cua h me ic ( dnI ) .tvP  

.dtL  CM - rkroT e liht fe EB  si  a lairetam  s laicep ly for detalum  ot  em et eht  de dnam  f ro  
fe f tneici  dna  itlum f dlo  itreporp es erised d f ro  rps ayed etercnoc  dna  tohs c iter ng 

snoitarepo . A f dlei  lairt  si  sse e laitn  ot  det enimre  eht  d so e f ro  a nevig  boj  a dn  
te pm era erut  tidnoc i sno  hw en eht  evoba  slairetam  ar  e .desu  

itareleccA ng tsalP i ic z re s : 
atreC in gni stneider  era  dedda  to etarelecca  eht  erts n htg  

oleved pme tn   fo etercnoc  ot  salp t ezici rs ro  salprepus t srezici . hcuS  itarelecca ng 
su zicitsalprep ers, nehw  dedda  to rcnoc ete er s tlu  ni  f retsa  oleved mp tne  of 

htgnerts . hT e a nitarelecc g airetam l  s dedda  ot  salp t ezici sr  ro  tsalprepus i srezic  era  
lonehteirt a enim  olhc ir ,sed  iclac um n  ,etirtu etartin s na d f ilisuol c eta s cte . hT e 

lecca e gnitar  salp t srezici  or lecca e nitar g repus  srezicitsalp  unam f utca r de  by llew  
wonk n co seinapm  era  ch edirol  f er e.  

3. Ex nialp  ni  d liate  ab tuo  eht  pl ezicitsa rs and repus  icitsalp z .sre  
hT e es  pl srezicitsa  nac  h ple  ht e fid f tluci  snoitidnoc  f ro  gniniatbo  

 rehgih ilibakrow ty iw t tuoh  us gni  ecxe ss of retaw . O en  sum t reme rebm  ht at itidda on 
of ecxe s  s ,retaw  iw ll no ly i pm r evo  eht  f idiul ty ro  the tsisnoc ency but on t eht  

ow r ilibak ty  fo tercnoc e.  

hT e secxe s etaw r w li l ton  pmi r vo e ht e nerehni t go do  uq al eiti s cus h 
 sa ho enegom ity na d hoc e ssenevis  of eht  im x w hcih  uder c se  ht e dnet ency f ro  

tagerges i no  dna  ideelb n .g  ehT  su e of rezicitsalprepus  has ceb o em  al tsom  na  
u vin lasre  carp t eci  to ecuder  wa c/ret eme tn  oitar  f ro  ht e nevig  ilibakrow ty, wh hci  
na larut ly i cn r sesae  eht  .htgnerts  T eh  cinagro  tsbus a secn  or moc b snoitani  fo  

cinagro  dna  agroni n ci  secnatsbus , ihw ch lla ow a der u noitc  ni  aw t re  tnetnoc  f ro  ht e 
evig n ilibakrow ty, or evig  a rehgih  akrow b ili ty ta  the emas  retaw  etnoc nt, era  
mret ed sa  pl icitsa z gni  ad rutxim e .s  ehT  segatnavda  era  co lbaredisn e ni  htob  :sesac  

in eht  f ,remro  tercnoc es era  ,regnorts  dna  ni  eht  rettal  ht ey era  more .elbakrow  

ehT  cisab  pr stcudo  oc n gnitutits  pl ezicitsa rs are sa  f :swollo  
� 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  
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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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ateR r gnid  Ef cef t. 

tI  si  tnem i deno  ilrae er taht  rezicitsalp  steg  debrosda  no  eht  s ru f eca  of 
selcitrap tnemec  a dn  form a th ni  taehs h. hT is ht in sh htae  hni i stib  t eh  s ru f eca  

h tardy i no  er a noitc  neewteb  taw er dna  ceme tn  sa  ol ng sa  us ff tneici  zicitsalp er 
celom ul se  era  baliava le ta  eht  os/elcitrap l noitu  in ret f .eca  

ehT  itnauq ty of liava a elb  pl srezicitsa  wi ll  pr evissergo ly de esaerc  as eht  
op l  sremy ceb o em  rtne a depp  in hydr noita  pr cudo .st  

aM ny hcraeser  ekrow rs denialpxe  taht  o en  or erom  of eht  f niwollo g 
cem h ina s sm  may ekat  pl eca  suoenatlumis l :y  

� 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  
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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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f idiul fy no ls u pm  tercnoc e. nA  i vorpm eme tn  ni  ls u pm  eulav  can eb  deniatbo  ot  the 
xe t tne  of 52  mc  or erom  gnidneped  nopu  the ni i lait  ls u pm  of eht  ,xim  t eh  egasod  a dn  

ce em nt tnetnoc  

4. bircseD e ni  ed t lia  a ob ut eht  w reta  foorp e .sr  
oorpretaW f gni  ad serutxim  may be deniatbo  ni  ,redwop  etsap  ro  diuqil  

f dnamro  may c tsisno  of erop  f gnilli  ro  retaw  er p tnelle  etam r .slai  The c eih f 
iretam a sl  ni  t eh  erop  f gnilli  alc ss ra e si etacil  of ados , la u im nium na d cniz  
tahplus se  dna  la u inim um dna  iclac um hc l ediro . The es  era  hc e cim ally vitca e erop  

f srelli .  

nI  a oitidd n ht ey osla  tarelecca e t eh  ittes ng ti em  of oc n terc e na d uht s 
ner d re  eht  cnoc r ete  erom  imp suoivre  ta  rae ly ga e. T eh  hc emi lac ly in vitca e erop  

f nilli g slairetam  era  ,klahc  f srellu  rae th dna  clat  a dn  seht e era  lausu ly ev ry f eni ly 
g .dnuor  riehT  ch fei  noitca  si  ot  i rpm o ev  t eh  ilibakrow ty a dn  ot  f etatilica  eht  

oitcuder n of aw ret  f ro  nevig  ilibakrow ty dna  ot  am ke esned  noc c eter  ihw ch si  
ba lacis ly i repm v oi us  .  

So em  am t slaire  ekil  dos a, satop h ,spaos  iclac um ,spaos  ,niser  
ategev b el  ,slio  f ,sta  sexaw  dna  laoc  tar seudiser  era  dedda  as retaw  gnilleper  

ma ret i sla  ni  siht  puorg  fo  mda .serutxi  

nI  so em  k dni  of oorpretaw f gni  ad erutxim s agroni n ci  stlas  of f ta ty 
dica s, lausu ly c icla um ro  ammo in um taraets e ro  ol etae  si  a dedd  nola g wi ht  lime 
dna  c icla um dirolhc e. muiclaC  or inomma um etaraets  or etaelo  lliw  niam ly act 

sa  retaw  eper l gnil  am t ire ,la  li em  sa  erop  f nilli g etam r lai  dna  ac l ic um rolhc i ed  
arelecca t se  eht  rae ly ts r gne th oleved p em nt na d leh ps ni  e ff neici t gniruc  of 
etercnoc  lla  of ihw ch birtnoc u et  ot w sdra  ma gnik  i oivrepm us oc n eterc .  

Some t py e of oorpretaw f gni  admi serutx  may co niatn  ub tyl aets r ta e, ht e 
noitca  of hcihw  si  ralimis  ot  s ,spao  tub  ti  seod  ton  gi ev  f gnihtor  noitca . uB tyl aets r eta  

si  roirepus  ot  paos  sa  retaw  per e ll e tn  lairetam  in ercnoc t .e  

aeH vy im n lare  lio  f eer  f mor  f ytta  or ategev b el  lio  has neeb  vorp ed ot  
eb  fe fec evit  ni  re dn nire g eht  cnoc r ete  w rpreta oof. ehT  su e of ahpsA lt uC t-ba kc  

o sli  h eva  neeb  deirt  in auq n eitit s of 2 2/1  , 5 a dn  01  p re  tnec  by thgiew  of 
mec e .tn  rtS e htgn  a dn  ilibakrow ty of eht  oc n eterc  saw  not oires usly fa f .detce  

udorP c noit  of etercnoc  of wol  ilibaemrep ty de sdnep  to a taerg  tnetxe  
no  sseccus f lu  inu f mro  lp a gnic  of eht  etam r .lai  An tnega  hcihw  i orpm v se  eht  

icitsalp ty of a nevig  xim t eru  tiw h uo t gnisuac  led e suoiret  eff stce  ro  hcihw  li tim s 
b gnideel  dna  t ereh by secuder  eht  nu ebm r fo  egral  ov i ,sd  im g th  al os  eb  alc ssif dei  

sa  a p ilibaemre ty icuder ng .erutximda  
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riA  artne i gnin  a tneg s may la so eb  c disno e der  ednu r ,siht  ecnis  ht ey 
ercni a es  ilibakrow ty and itsalp city of etercnoc  dna  eh lp ot  ecuder  retaw  noc t tne  dna  

gnideelb . An ria  deniartne  etercnoc  h sa  ewol r itprosba on dna  irallipac ty llit  hcus  ti em  
eht  ria  tnoc e tn  od  ton  deecxe  a tuob  6 rep  .tnec  

A nom g am ny ehto r cepsa t ,s  ht e w/c itar o esu d ni  t eh  oc n ,eterc  ht e 
comp oitca n, gniruc  of ,etercnoc  eht  imda x erut  desu  ot  er d ecu  eht  c/w  ,oitar  eht  

taeh  of h rdy a ,noit  eht  im c or - rc kca i gn  of oc n eterc  dna  many hto er f teca s ni f ecneul  
eht  st erutcur  of denedrah  tnemec  etsap  dna  co ,etercn  hcihw  lliw  ha ev  tcerid  

niraeb g no  ep r ilibaem t ,y  ad mp- oorp f gni  dna  retaw p or of .gni  

 liated ni nialpxE.5 a ob u niloakateM dna SBGG eht t e? 

M ate k niloa  

C sno ider lba e rese ra ch ah s been od en  on natu ar l po zz lo a sn , namely no  
ht erm la l detavitca y  yranidro  yalc  dna  citiniloak  .yalc  These nu purified m ta er lai s have 

oft ne  b ee n ac ll ed niloakateM― �. A tl hough it show de  ec r iat n ma o nu t of op zzola in c 
pr po erti se , ht ye  are on t ih ghly r ae c it ve. Highly reac it ve metaka lo in is made by 
water proc se sing to remove unre ca tive upmi r eiti s to ma ek  001 % aer cti ev  nalozzop . 

hcuS  a ,tcudorp  etihw  ro  maerc  ni  ,ruoloc   ,deifirup  yllamreht  detavitca  si  dellac  hgiH  
evitcaeR  kateM a nilo  .)MRH(  

giH h re vitca e metaka ilo n wohs s gih h zzop olanic er ac it v ti y and re ud tc oi n in Ca(OH)2 
even sa   ylrae  sa  eno  yad . tI  si  a osl  bo served ht at the ec ment paste dnu ergo se  dist ni ct 
densi cif a oit n. T eh  tnemevorpmi  dereffo  yb  siht  noitacifisned  sedulcni  na  esaercni  ni  

htgnerts  dna  esaerced   ni  tilibaemrep y. 

h ehT i atem evitcaer hg k ht gnivah si niloa e laitnetop  ot  etepmoc  tiw h is l aci  .emuf  
niloakateM  si  ton  a by tcudorp  sa  any hto er nalozzop ic lairetam  ti  si  a 

laiceps l d htiw lairetam derutcafunam y e p etinif r po e seitr .  

Gro nu d G ar n lu ated Bl tsa  Furnace Slag ( GG BS) 

Gr dnuo  gr luna ated lb sa t-furn ca e s al g is a non me illat c pr udo ct consis it ng 
es es nti la ly fo  silica et s a dn  alum ni a et s of cal ic um na d other ab ses. hT e om netl  
ls ag is r pa idly c lih l de  b ihcneuq y ng ni  retaw  ot  mrof  a salg sy s dna  kil e detalunarg  

lairetam . T g eh r luna ate etam d r  lai whe rehtruf n  dnuorg  ot  ssel  naht  54  norcim  lliw  
evah  cificeps  ecafrus  fo  tuoba  004  ot  006  m2/  .gk ehT  lacimehc  tisopmoc noi  fo  tsalB  

ecanruF  galS  )SFB(  si  ralimis  ot  taht  fo  tnemec  .reknilc  ehT  tsalb  ecanruf  gals  si  ylniam  
desu  ni  aidnI  rof  gnirutcafunam  gals  .tnemec  hT e er  a er  t ow  tem hods f ro  m ika gn  

B al st Fur can e Slag eC em n .t  In eht  if rst met doh  blast furnace slag si  gretni  dnuor
tnemec htiw  htiw gnola reknilc  g spy u .m  nI  eht  dnoces  dohtem  tsalb  ecanruf  gals  si  

yletarapes  dnuorg  dna  neht  dexim  htiw   eht ce .tnem  reknilC  is yh draulica yll  more a tc ive 
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than s al g. tI  swollof  neht  taht  gals  dluohs  eb  dnuorg  f eni r eknilc naht r, o ni r ed r  ot f  yllu
top ciluardyh sti poleved e itn al. i etn r-g gnidnir  es r oi usly res rt ic st  t eh  fle ytilibix  ot  po tim esi  

slag el vel for diff re ent us .se  

ehT  ciluardyh  laitnetop  fo  htob  eht  stneutitsnoc  – ylluf eb nac gals dna reknilc  
fi detiolpxe  etarapes dnuorg era yeht ly. ehT  level  fo  ssenenif  eb nac  dellortnoc   htiw

tcepser  ,ytivitca ot  hcihw  lliw  tluser  ni  ygrene  .gnivas  The pre es nt trend is towards 
es par ta e grinding of slag and cl kni er to effid er tn  levels  .  

F yl  ash is used as an da mi tx ure in am ik ng concr te e Ground Granulat de  B al st-
furna ec  Slag popularly ac lled GGBS si  u des  as an admix ut re in m ka ing concrete. nI  

rehto  seirtnuoc  sti  esu   sa na  a ximd ture si  m ro  e comm no  aht n i st  use sa  slag ce em .tn  

 .6 .etercnoc ni SFBGG dna emuf acilis ,hsa ylf gnidda fo stceffe eht ssucsiD  

hsa ylF   
 .slacimehc evissergga dna retaw ot ytilibaemrep decuder si tifeneb tnatropmi tsom ehT
 fo ezis eht esuaceb tcudorp resned a setaerc hsa ylf htiw edam etercnoc deruc ylreporP

.ytilibaemrep secuder dna htgnerts sesaercni sihT .decuder era serop eht   ylf fo esu ehT
 ,htgnerts etamitlu ,hsinif ,ssenevisehoc ,ytilibapmup ,ytilibakrow retteb ni tluser nac hsa
 dna noitagerges dna gnideelb ecuder ot pleh hsa ylf ni selcitrap enif ehT .ytilibarud dna

sexim nael ni yllaicepse ,gnihsinif dna ytilibapmup evorpmi . 

emuf aciliS  

eht ,emuf acilis fo noitidda eht htiW :ytilibakroW  pmuls   yltcerid si emit htiw ssol
dortni eht ot eud tnetnoc emuf acilis eht ni esaercni ot lanoitroporp  egral fo noitcu

 xim eht ,sesaerced pmuls eht hguohtlA .noitidda sti yb xim etercnoc eht ni aera ecafrus
.evisehoc ylhgih sniamer  

gnideelb dna noitagergeS iliS :  eerf eht esuaceb yltnacifingis gnideelb secuder emuf ac
 eht ecneh dna emuf acilis eht fo aera ecafrus egral eht fo gnittew ni demusnoc si retaw
 serop eht skcolb osla emuf aciliS .sesaerced osla gnideelb rof xim eht ni tfel retaw eerf

 etercnoc hserf eht ni .ecafrus eht ot emoc ot dewolla ton si etercnoc eht nihtiw retaw os  

SBGG  

 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  
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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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