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0 06 SO3
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950 |t}W=U |Q=HD s=v
ASTM C1240 OQ=Ov=DU=

|QDUm =N nvQ
QOwB |m} R}i Cr=L

2 2 gr/cm3 XwYNt uRw
250�300 kg/cm3 |Qy=_ XwYNt uRw

90 < XwrN u=R}t
3 > C@w]Q OYQO

15�30 m2/gr xS}w K]U
�m1 < C=QP R}=U

"u=t}U w T}r}UwQm}t |}=}t}W C=@}mQD "5 pwOH
u=t}U T}r}UwQm}t �OYQO� QDt=Q=B
21 5 93 3 SiO2
5 0 1 1 Al2O3
4 1 0 85 Fe2O3
64 7 1 2 CaO

{ 0 3 Na2O

{ 0 7 K2O

� 1 7 1 1 MgO

� 2 0 7 SO3
� 1 3 2 5 L.O.I

"|iQYt ?; C=YNWt "6 pwOH
pm |DNU =yC=irwU =ywQrm

PH�mg/lit� �mg/lit� �mg/lit�
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"CU= xOW s=Hv= |rm |Q}oxH}Dv w xU}=kt =yKQ] pm |xH}Dv w
=yxvwtv CN=U CyH ACI |xt=vu}}; T=U= Q@ \qDN= KQ] 14 ?}DQD u}O@
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xDN=U ?; ?PH V}=tR; w xRwQ 91 'xRwQ 56 'xRwQ 28 'xRwQ 7 |Q=Wi Ctw=kt
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TBU w OvOW \wrNt uRsy QO ?; R= |Q=Okt x=Qty x@ =yxv=OovU =OD@= "CU= xOW

"ASTM OQ=Ov=DU= =@ j@=]t |W=m |vqwRwB X=wN "3 pwOH
ASTM OQ=Ov=DU= |W=m QOwB X=wN��� ���

70 xv}tm 92 2 SiO2 + Al2O3 + Fe2O3
3 xv}W}@ 0 06 SO3
10 xv}W}@ 0 48 �uOW MQU QF= QO Ci=� LOI

3 xv}W}@ 0 2 C@ w]Q
0 08 xv}W}@ 0 05 wqmwD= V}=tR; QO \=U@v=
34 xv}W}@ 21 QD VwQ x@ uwQm}t 45 lr= |wQ xOv=t}k=@
1 5 xv}W}@ 3 07 Na2O + 0 65K2O� |}=}rk pO=at
|}=}rk |}=RVvm =w C}Y=N xU=t w uW xm |v=tR QO \ki Q=Okt u}= pQDvm �

"CU= |t=Rr= 'OvW=@ xDW=O
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u=t}U C=@}mQD x@ C@Uv u; ly; O}Um = sm OYQO w =v}twr; w T}r}U |q=@ OYQO
4 QO� sm |x}rw= Ctw=kt Oy=W 'xO=t u}= R= xO=iDU= CQwY QO xm OwQ|t Q=_Dv=
QO uD@ |Q}oQ}O Cra x@ u}vJty &s}W=@ COtOvr@ QO O=} R Ctw=kt w �pw= |xDiy
=O}B Vy=m uD@ QO uw}U=D=QO}y CQ=QL xm OwQ|t Q=_Dv= uqwRwB R= xO=iDU= CQwY
Vy=m xH}Dv QO w |rN=O |=ylQD Vy=m x@ QHvt uw}U=D=QO}y CQ=QL Vy=m 'Ovm
w CU= R}J=v OL QO xO=t u}= QO xOvyOp}mWD O=wt Q}=U "OwW|t uD@ |Q}PBPwiv
Ov};Qi x@ xmv}= x@ xHwD =@ u}vJty "OW=@ xDW=O uD@ X=wN QO |O=} R QF= Ov=wD|tv
u}= xm 'OW=@ |}q=@ hQwt; R=i OYQO |=Q=O xO=t u}= xm CiQ|t Q=_Dv= |W=m O}rwD

[17]"OW O}}-=D Tm}= |xaW= V=QB V}=tR; \UwD xDmv
"OQ=O =Q uqwRwB u=wvax@ xO=iDU= |}=v=wD xO=t u}= 'xOWQmP OQ=wt x@ xHwD =@ TB

T}r}UwQm}t "2"1"2
CmQW pwYLt '|t}W=U |Q=HD s=v =@ V}=tR; u}= QO |iQYt T}r}UwQm}t
=@ j@=]t |iQYt T}r}UwQm}t |rm C=YNWt "CU= xOw@ |t}W u=tDN=U
u; |}=}t}W C=@}mQD w 4 pwOH j@=]t 'xOvvmO}rwD \UwD |tqa= C=YNWt

"CU= 5 pwOH j@=]t |@} QkD CQwYx@
u=t}U "3"1"2

OQmQyW u=t}U |xv=NQ=m R= 2A}D OvrDQB u=t}U 'V}=tR; u}= QO xOWxO=iDU= u=t}U
"OwW|t xOy=Wt 5 pwOH QO xOWxO=iDU= u=t}U |}=}t}W C=YNWt 'CU=

=yxv=OovU "4"1"2
|=Q=O '�2 ?; ?PH w 2 6 |Qy=_ XwYNt uRw =@ xDUmW ẁv R= =yxv=OR} Q
xv=OCWQO Kr=Yt w 3 1 |tQv pwOt w QDt|r}t 4 75 =D 0 u}@ OQ=Ov=DU= |Ov@xv=O
|Ov@xv=O |=Q=O '�0 2 ?; ?PH w 2 55 XwYNt uRw =@ xDUmW ẁv R= R}v

"OvDUy QDt|r}t 25 =D 4 75 |xOwOLt QO OQ=Ov=DU=
|iQYt ?; "5"1"2

6 pwOH j@=]t C=YNWt�CU= xOw@ OQmQyW ?Q )W ?;V}=tR; u}= QO|iQYt ?;
"�CU=

xOvvmu=wQ jwi "6"1"2
pwYLt SuperPlasticizer163 |Q=HD s=v =@ xOvvmu=wQ jwi R= V}=tR; u}= QO
nvQ w QD}r Q@ sQowr}m 1 18 |r=oJ =@ |Qt}rB uw}UQBU}O l} xm 'u=Q=m}t=v CmQW

"CU= xOW xO=iDU= 'CU= |}xwyk
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QQ@"pw= R=i QO \qDN= |=yKQ] "7 pwOH
xOvvmu=wQ jwi xU=t uW ?; uqwRwB uqwRwB u=t}U KQ] s=v��� �kg/m3� �kg/m3� �kg/m3� ��� �kg/m3� �kg/m3�

0 125 840 1040 160 - - 320 C

0 125 840 1040 160 10 32 288 CP10
0 125 840 1040 160 15 48 272 CP15
0 125 840 1040 160 20 64 256 CP20
0 125 840 1040 160 25 80 240 CP25
0 125 840 1040 160 30 96 224 CP30
0 125 840 1040 160 40 128 192 CP40

"swO R=i QO \qDN= |=yKQ] "8 pwOH
xOvvmu=wQ jwi xU=t uW T}r}UwQm}t T}r}UwQm}t ?; uqwRwB uqwRwB u=t}U KQ] s=v��� �kg/m3� �kg/m3� ��� �kg/m3� �kg/m3� ��� �kg/m3� �kg/m3�

0 5 840 1040 5 16 160 10 32 272 CP10M5
1 1 840 1040 15 48 160 10 32 240 CP10M15
0 5 840 1040 5 16 160 15 48 256 CP15M5
0 8 840 1040 10 32 160 15 48 240 CP15M10
0 8 840 1040 10 32 160 20 64 224 CP20M10
1 1 840 1040 15 48 160 20 64 208 CP20M15
0 5 840 1040 5 16 160 25 80 224 CP25M5
0 8 840 1040 10 32 160 25 80 208 CP25M10

"pw= R=i QO |Q=Wi Ctw=kt "3 pmW

R=i |=yxvwtv |=Q@ |vwDU Q=Owtv CQwYx@ =yxvwtv |Q=Wi Ctw=kt u}vJty
"CU= xOW xO=O V}=tv 4 pmW QO swO R=i |=yxvwtv |=Q@ w 3 pmW QO pw=

'OwW|t xOy=Wt 3 pmW w 9 pwOH j@=]t 'xar=]t pw= R=i |=yxvwtv |=Q@
V}=Ri= =@ Vy=m u}= "O@=}|t Vy=m uqwRwB u=R}t V}=Ri= =@ =yxvwtv Ctw=kt xm
"CU= |D=a}=[ |W=m |vqwRwB X=wN Q@ |O}}-=D xm 'CU= xOW QDsm =yxvwtv uU
Ctw=kt OWQ 'OwQ|t QDq=@ uU QOkJ Qy xm OwW|t XNWt Q=Owtv QO CkO =@
OQmrta |xOvyOu=Wv xm 'OwW|t QDW}@ uqwRwB QDq=@ OYQO |w=L |=yxvwtv QO

xOvvmu=wQ x=Qty x@ xOv=t|k=@ ?; Oa@ w xi=[= Q_vOQwt uqwRwB w u=t}U \wrNt
C}=yv QO "OW \wrNt xk}kO 4 COt x@ pY=L \wrNt w OW xi=[= \wrNt x@
w sm =QD Ov};Qi w xDN} Q |QDt|Dv=U 15� 15 |@amt |=y?r=k QO xOWxDN=U uD@
Cra x@ xm CU= sRq QmPD u}= "OW s=Hv= =yxvwtv |wQ Q@ OQ=Ov=DU= =@ j@=]t xQ@} w
xv=o =OH KQ] ?; R= |Q=Okt =@ \qDN= R= p@k T}r}UwQm}t |q=@ |xS} w K]U
=yxvwtv ?}DQD u}O@ "CU= xOW xi=[= KQ] x@ uHr CQwY x@ 'C}=yv QO w \wrNt
R= Oa@ "Ov=xOW |Q}o?r=k 'AtqU= V}=tR; s=Hv= R= TB w xDN=U V}=tR; CyH
`=@W= ly; ?; pwrLt QO V}=tR; s=Hv= u=tR =D w GQ=N ?r=k R= =yxvwtv 'RwQ l}

"OvOW |Qw;pta
\UwD w OvOW xOQw; uwQ}@ ?; R= =yxvwtv 'V}=tR; u=tR uO}UQ R= TB
OQwt BS 1881:Part 116 OQ=Ov=DU= =@ j@=]t 2000 KN OQ=Ov=DU= lH
OQ=Ov=DU= =@ j@=]t COtOvr@ ?; ?PH u}vJty "OvDiQo Q=Qk |Q=WiCtw=ktV}=tR;

"CU= xDiQo s=Hv= ASTM C642

=yV}=tR; G}=Dv "3
|Q=Wi Ctw=kt "1"3

AtqU= V}=tR; u}vJty w xRwQ 91 w 56 '28 '7 |Q=Wi Ctw=kt x@ \w@ Qt G}=Dv
10 pwOH QO swO R=i |=yxvwtv |=Q@ w 9 pwOH QO pw= R=i |=yxvwtv x@ \w@ Qt

"CU= xOW xO=O u=Wv

128



|rm
wDO

w=O
w|

QO}L
|ra "AtqU= uwtR; w |Q=Wi Ctw=kt uwtR; G}=Dv "9 pwOH

91 |Q=Wi Ctw=kt 56 |Q=Wi Ctw=kt 28 |Q=Wi Ctw=kt 7 |Q=Wi Ctw=kt AtqU= KQ] s=v�MPa� xRwQ �MPa� xRwQ �MPa� xRwQ �MPa� xRwQ �mm�
41 2 39 75 35 8 25 15 50 C

41 0 38 15 33 8 22 55 45 CP10
40 6 37 7 32 6 21 75 45 CP15
40 2 36 4 30 2 20 1 45 CP20
38 4 33 4 27 0 18 05 40 CP25
37 3 31 65 24 4 16 45 40 CP30
33 0 27 0 21 1 12 9 35 CP40

"swO R=i QO =yxvwtv |Q=Wi Ctw=kt "10 pwOH
91 |Q=Wi Ctw=kt 56 |Q=Wi Ctw=kt 28 |Q=Wi Ctw=kt 7 |Q=Wi Ctw=kt AtqU= KQ] s=v�MPa� xRwQ �MPa� xRwQ �MPa� xRwQ �MPa� xRwQ �mm�

52 0 46 3 40 2 24 35 55 CP10M5
54 7 53 0 46 8 22 3 50 CP10M15
50 7 47 5 40 5 23 7 55 CP15M5
52 1 48 4 41 4 22 5 55 CP15M10
53 1 50 0 42 5 21 6 50 CP20M10
56 5 53 2 43 0 19 2 45 CP20M15
47 0 44 9 38 3 19 8 50 CP25M5
51 5 47 4 40 1 19 3 45 CP25M10

Vy=m u=R}t xm |Qw] x@ 'Ov=xOQm ?Um =Q |@ wr]t Ctw=kt =yxvwtv |xRwQ 91
CP20 '�1 45 =@ Q@=Q@ CP15 '�0 48 =@ Q@=Q@ CP10 %|=yxvwtv |=Q@ Ctw=kt
u=wD|t xm &CU= �9 46 =@ Q@=Q@ CP30 '�6 79 =@ Q@=Q@ CP25 '�2 4 =@ Q@=Q@
w R}J=v uqwRwB R= xO=iDU= �20 =D Oy=W |xvwtv C@Uv x@ Ctw=kt Vy=m Cio
Ov=wD|t uqwRwB R= xO=iDU= �30 |=Q@ Vy=m u=R}t u}vJty "CU= Z=te= p@=k
u=Wv xm 'CU= �20 OwOL CP40 |xvwtv |=Q@ Vy=m Q=Okt u}= "OW=@ pw@k p@=k
|xv}tR QO "CU}v ?wr]t uD@ QO uqwRwB u}= R= �30 R= V}@ |xO=iDU= OyO|t
Q=Okt u}= xm 'OyO|t Vy=m =Q |}=Q=m |Q=Okt uqwRwB u}= R}v uD@ AtqU= w |}=Q=m
"OQm xO=iDU= |rwtat uD@ =@ x@=Wt u=wD|t |W=m |vqwRwB uD@ R= ,=D}=yv w CU= R}J=v
OwW|t xOy=Wt 4 pmW w 10 pwOH j@=]t 'C=ar=]t swO R=i |=yxvwtv |=Q@
Ea=@ =yKQ] |xty QO w xO=iDU= =yOYQO |xty QO T}r}UwQm}t |rmQw] x@ xm
R= xO=iDU= =@ =yKQ] |x}rm xm |Qw]x@ "CU= xOW |Q}osWJpmW x@Ctw=ktV}=Ri=
Ctw=kt u} QDq=@ "Ov=xOQm ?Um Oy=W uD@ Ctw=kt R= |QDq=@ Ctw=kt T}r}UwQm}t
u}vJty "CU= xOw@ T}r}UwQm}t �15 w uqwRwB �20 R= xO=iDU= x@ \w@ Qt
"CU= T}r}UwQm}t �5 w uqwRwB �25 R= xO=iDU= x@ \w@ Qt Ctw=kt u} QDu}}=B
'xRwQ 7 QO =yKQ] |x}rm |Q=Wi Ctw=kt xm CU= u}= Q=Owtv QO xHwD p@=k |xDmv
|Qw]x@ 'OwW|t xOy=Wt |QDO=} R OWQ xRwQ 28 QO w CU= QDsm Oy=W Ctw=kt R=
,qt=m Q=Owtv QO OWQ u}= 'OQ}o|t |W}B Oy=W |xvwtv Ctw=kt R= =yKQ] Ctw=kt xm
Oa@ x@ RwQ 28 uU R= |W=m uqwRwB |rY= C}r=ai xmv}= x@ xHwD =@ "CU= K[=w
7 u}@ u}vU QO T}r}UwQm}t |vqwRwB C}r=ai xm CiQo xH}Dv u=wD|t 'CU= xOw@
uqwRwB Ctw=kt Vy=m R= |W=v Xkv w xO=O u=Wv =Q OwN |@ wN x@ RwQ 28 =D
T}r}UwQm}t R= xO=iDU= "CU= xOQm hQ] Q@ |@ wN x@ =Q u}}=B u}vU QO |W=m

"swO R=i QO |Q=Wi Ctw=kt "4 pmW

sOa Cra x@ 'xRwQ 7 uU QO =yxvwtv hqDN= "CUq=@ u}vU QO uqwRwB ?U=vt
xRwQ 91 uU QO 'uD@ uU OWQ =@ xm CU= xOw@ O=} R Q=}U@ |vqwRwB C}r=ai R=e;
uqwRwB 'xRwQ 7 uU QO Cio u=wD|t "CU= p@k x@ C@Uv QDsm Q=}U@ hqDN=
xm QOkJ Qy "OQ=Ov OwHw |vqwRwB C}r=ai xvwoI}y w OQ=O =Q xOvvmQB R} Q Vkv =yvD
Oy=W |xvwtv =@ Ctw=kt hqDN= 'O@=} V}=Ri= =yxvwtv uU '|vqwRwB |=yxvwtv QO
56 =D RwQ 28 uU R= OWQ Q=Okt xm CU= XNWt 3 pmW j@=]t "O@=}|t Vy=m
C}r=ai xm CU= ?r]t u}= |xOvyOu=Wv u}= w CU= xOw@ |Q}osWJ CQwYx@ RwQ
uU QO C}=yv QO "CU= xOW R=e; |@ wr]t wLv x@ Oa@ x@ sQ=yJ |xDiy R= |vqwRwB

129



"""x=
Qty

x@|
D=a}=

[
|W

=mu
qwR

wB|
w=L

uD@
|U

QQ@

"swO R=i QO =yxvwtv ?; ?PH "6 pmW

xDW=O ?; ?PH QO C@Ft QF= uD@ QO uqwRwB R= xO=iDU= |rmQw] x@ "CU= xO}UQ
V}=Ri= x@ wQ ?; ?PH uqwRwB u=R}t uOWxi=[= =@ OyO|t u=Wv G}=Dv |rw 'CU=

"OQ=Po|t
XNWt G}=Dv R= "CU= xOW xO=O u=Wv 6 pmW QO swO R=i x@ \w@ Qt G}=Dv
QDW}@ xJ Qy Vy=m Ea=@ 'xOWxO=iDU= Q}O=kt |xty QO T}r}UwQm}t xm CU=
xrB l} |=Q=O 25 uqwRwB OYQO |=Q@ Vy=m OYQO u}= "OwW|t ?; ?PH OYQO
|Q=PoQF= x@ =Q OQwt u}= u=wD|t xm 'CU= xOw@ =yxvwtv Q}=U x@ C@Uv QDO}OW Vy=m
|=yOYQO =@ =yxvwtv Q}=U "O=O C@Uv T}r}UwQm}t w uqwRwB ?U=vt u=tRsy
xOy=Wt u}vJty =yxvwtv |xty QO "OvQ=O Q=Qk xOwOLt l} QO ,=@} QkD hrDNt
w xDW=O ?; ?PH QO C@Ft QF= T}r}UwQm}t R= xO=iDU= QDq=@ OYQO xm OwW|t
|xty QO Vy=m Q}O=kt u}= xD@r= xm 'CU= xOW =yxvwtv ?; ?PH Vy=m Ea=@
u} QDW}@ w CP25M10 |xvwtv x@ jraDt ?; ?PH u} QDsm "OvDU}v Q@=Q@ Cq=L

"CU= CP10M5 |xvwtv x@ \w@ Qt ?; ?PH

|O=YDk= w |]}LtCU} R |UQQ@ "4
u=t}U u} Ro}=H u=wvax@ |D=a}=[ |=y|W=m R= xO=iDU= |]}LtCU} R |=}=Rt
"2 'uD@ R= u=t}U R= |WN@ hPL R= |W=v "1 %CU= CQwY wO x@ uD@ QO
uD@ QO OQ@ Q=m|@ w Ci=} R=@ p@=k Q}e w |D=a}=[ |xO=t l} R= xO=iDU= R= |W=v

"CU=
8500 OwOL QO u=yH QO |W=m O}rwD u=R}t 'OW QmP R}v ,q@k xm Qw]u=ty
|W=m O}rwD 'Q=Okt u}= "CU= `@ QtQDt uw}r}t 400 OwOL u=Q}= QO w `@ QtQDt uw}r}t
Q=Qk u=yH QO hQYt QB w O}rwD QB CqwYLt u}@ QO =Q |v=tDN=U |=yl}t=QU w
R}v w p=U QO uD 90000 OwOL u=Q}= QO |DW=Oy@ |v}J O}rwD u}vJty "OyO|t
|m} R}i Q=DN=U "CU= p=U QO uD uw}r}t 30000 OwOL QO hwQ_t |v}J O}rwD
=D O}rwD Q}Ut pw] QO pwYLt u}= R= |}q=@ OYQO xmCU= |}xvwo x@ CqwYLt u}=
|k}kO CQwYx@ u=Q}= QO C=a}=[ OYQO u}ov=}t "OwW|t p}O@D C=a}=[ x@ `} RwD
QO |v=tDN=U |=yl}t=QU w |W=m R= OYQO 7=D 3 =B wQ= QO |rw 'OwW|tv sqa=
"OwW|t p}O@D C=a}=[ x@ xOvvmhQYt CUO x@ uO}UQ R= p@k w O}rwD |xrLQt
O}=@ =OD@= 'OwW x@U=Lt u=Q}= QO |OwOL CQwYx@ C=a}=[ Q=Okt xm |DQwY QO
C=aq]= Ow@v Cra x@ xm OwW|t |Qw;O=} "s}vm p}O@D uD ?UL Q@ =Q O}rwD u=R}t

"pw= R=i QO =yxvwtv ?; ?PH "5 pmW

Ct=kt Vy=m Ea=@ w CU= xDW=O |ivt QF= xRwQ 7 uU QO QDq=@ |=yOYQO =@
TmaQ@ q=@ u}vU QO Ov};Qi u}= xm 'CU= xOW QDu}}=B |=yOYQO x@ C@Uv |QDW}@
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