
, , 

i:lUU~ 2 ~~ 12 

u 

71 

o "V v 
u 

v '" nl1H~mlHtJl'1 n l'ilIl'1l'11 I lJfHl'H 

<i 

\\11~mllJVllJVlllJl'l1J<iI~ l f1lJ 

ABSTRACT 

Po~and cement ~ype I. 

COnll.u.tuen-v.., Mnenu<I, <lpeuMc gltav,uy, noltmat cOnllb.,~ency, <le-t-t<.ng 

time, bteecUng, compltU<I-<-ve <I~eng.th, dlty-<-ng <llvUnkage and chem.<.cat 
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) 1. wlui 

. .......... "' ... 
UU~Luu~~~n1 (S~ca Cement) ~~a~L~8nnt ~lUl1UU~LUU~~~~ ~~18~, 
" " ... ' t..< , . , \J 

~i;rnMml f1"nnn 11 L ~~lv~f1 L iiatJ L tlu m 1tJ~~a~uuu LL~~~U '1 ~,luumi1a~n'i.mun 11Ull 
, " 

GIl .,. ... ... t' .4 t" \.IV' ... 

uu L ~;]tJa ,uu~ L ~ul'1ua 1~LL~Uf1U1 ~ Lmmu, Lm ~r lru~vn1>(1J~'lJa,uu~ L uu~~l f1~a,atJ'lu L nMI!1 i 
\J \I , \J \J 

1 . 

3. 

4. 

5. 

6 . 

, , 

1l11~~ ~LB8f1;]i~f1L~lnU 2800 ~~2/ni~ , 

, ~ 

o!I... "".,. 
L~alf1mtJlIHU~ULL!l1 L wa1 

, '''' I 

n8~L 1~ln1'ina~v,1uuatJn'1 45 Ul~ Lna~;]~aulf181ill ~ .Llll'1 (V.(c.a.t) 
,~ 

u;~lrua1n 1~'lu~a1~1~'~f1 12.0% lf1tJU1~1~1 " , 
t' t''"'' 2 

ni~v' 1u LL1,avf1'lJa,~nUl~n~a1ml'1i~f1 65 nn/~~ LnaaltJ 3 1U LL~~ " , , 

115 nn/~~ 2 L~aa1tJ 7 lU , 
v " V 

V '"' .... 0 

1~tJ~'~~~18tJa,n1 'i~f1~aUnl1na~1~f1Un~~1~;]1atJ~~ 50 , , 

.... '... ... t.I I V '" 

'~L~ul;]11Ln~n~Uf1tJa ,UU~LUU;]~i;nlUUllautJ1,nl1' 'In'lu1u1a,~~ 
" 

nl1~f1~aU'lnlH'luUU~LUU; . _, 3,4,5) WU~l llru~w~tJa,uu~L~u~~i;n1~~i;~'luun 
" '" V I' • 1.1 v' t.J I 

L~~1~tJlf1Ln~f1v,n~11tJ1'~U al~L~u nml~~~L~tJf1~v' LL;] 3200 ~,4000 ~i/ni~ 
~ 

'" ... ..... "'I q ... 

mm1~atJm1alJ~~ 0.02 (H 0.2 'i~lJ~L l~1!111nam 120 n, 150 U 1~ LL~~U1~lru 
" t'V I v 

a1n 11'1'luMl'im 6-7 % LL;]~lm!llUf1v,n~111~1::1.!m 1~LL~nm,tJa'1')ru~w~~iwrun11'lti 
t' t'... t' I I t" V v 

'lutJa,uu~ Luu;]~i;n1nUUu~ Luurua'iI'1LL~UllUn Ln~~il, ~'L ~uuu~ L~UI'1~U8~'ltlnU~v, 2 
"" " 

, t'... t' 'v 

lfi~v,1u UU~ LUUI'1Ua1I'1LL~uru1~ Lnm1il,'ltl~i~1un 11~irmun~1'1 
" I I t.I , v' t.I , 

al'1~ l~n 11~'l ;]~l~l'1a ,n 111lrun lWW L ~bln 11/j 11~f11 LL~~'1 !I~i~ 1u'luna~11,~v,1u ~lUUU~ 
" " 
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f' \J' .. 'V I t.I 

L l.J1.JVI~~n lLl1'llnnl'rufI1
v
I'l11 L~ilU 20-30 % nUl.llJ~ L l.J1.JVI~ ,\'Ji'll'1~ lfllC1 nfi , LLfi~ L ~lJ'Viilu~'l '/I 

, " " 
I' '" t.I I '" ' '''' 

nU~lnl.llJ~Ll.J1.JVI'/Iil~Ll'1~l~l'lil'1,u'l'/l'llJ'llJnill'l",~L~V1il,n"ni;,I'l'~lnlJn L'/IlJ V1il~il 
" " v 

~ v 'I V1nLLC11 2-3 '/IlJ LLfi~ lJ'llJl.IlJlllU 
" 

2 . 

, 'f' t.I f' 

mlU L~lJ\'J~liM\'JL!iI'l'fll\J LL~'LUil~ 16 LLfi~fll,LL~,LUil~ 30 , 

2.2 nl~\'Jl1fiil , 

1'l1lJl.I~~nilU\'Jl'Lfl~ V1v1il~"l.IlJ~Ll.J1.J;L;C1n~'Ll.I\'Jin,~1Lfl~1 ~;l'1'~1lJl.I~~nilU 
" " , , 

\'Jl'Lfi~Wu;~v\'J1.llJ~L~lJVlL\'JU 
" 

~~ (Bta£ne ~ Pekmeab~y) V11~~lVl~SllJ ASTM C 204-19(6) 
, , 1" 

ml~C11" i L Yn~ l'11m 1~C11" i L Vi l ~ tlil 'l.IlJ~ L l.J1.JVll11Un 1 ~ LL\'JlJ~LLilfinilljilfim~ 
" . 

~lVl~~ llJ ASTM C 188-18(1) 
v ' v '" .. .,. '" l'111.l~~ 1~l\'Jfl 11~tl\JL\'Jfi11.1nVlVll~~lVl~~llJ ASTM C 

, v 

\'J 1 L 1fi 1'1 lJn 1~nilVlv1' ~U~V1lJLLfi~ ~ ~U~l.Ifi lU l11U L ~~L1 LLflVl 

(V~~ Needle) V11~~lVl~~llJ ASTM C 191-11(9) 
II....' t.I .... v' l.I 

nl~fllUlJi Ll1l1~Lrufi'Lfliil'~ill'li\'J,un'~\'Jl1l'lilun"fllUlJi'l\'J\'JiLl1"U~lJl11U 
lJ , I tJ' • , v 

1'l 1~1~n'l'll11'l~~~il~'llJ\'Jil'1.I~U~nl~\'J1Ll.I ~1.1~ 
<I/iI • 0 ~ 

1 LLl'll1,Lmil,~il\'Jl1l'lilUn"fllUlJ l 11, 

1000 '/I~3 L;lJfl',t'llJ~nfil-< 100 ~~ .I'l' 
" " 

v v , 

1.I~~nilU111U C11uUnLnil~ (Beakek) tllJll1fl11~'l , 
" , 

145 ~~.l'li\'J ~UU~ "fl l~UillJLVlVI'~flfiilL'l1 (Cakbon T~chto~e) nl'/llJ~~~'lLViI'lVi , , 
C!I ,(IJ ~ '~ 3 v I ,. COl 

\'J~il~il~V11\'JU~''lilUnlu'llJ~ml).J'l 250 '/I~ Ll'llJfllt'llJUnfil-< 66 ~~. LLfi~l'l, 90 ~~. U1 ,\J , \J \J 
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... '" ' t.I' ,,,... ' 
.. _~ _~ v ... v ... .. ... " 

l'I,tll.JtI 1 \Ill ,nu IlL ul'l 1'1 'll'll'ltl1n 11'1 LLfi ~IJl'lti WlJtJ 11'1 ~'!1~1'I1l.J1 111 L fltllJ Wfl ~ L I'It1IJ1 ~1'1~ mn 
, " " 

t.I V , t' 

n11V11'11'1t1Un1 1f1llJlJ'I'lYi 2 iii fitl n11V11'11'1t1U~LI.JlJI'ILYi1'l1i LLfI~n1'l'II'I1'ItlUl.JtI' 

;liiin1'VlI'I1'ItlUVI'I1'I11.J1.J11'l1~llJ ASTM C 243-79(10) 

n 'Iflv~ 11m 1 ~tlvl'I l1'l1'l1lJ~1'I1.J iiin 11l'1f1t1 n 11Ul.J LLfi ~n 1 'Vll'I1'ItlUl'I1n 'Iflv~ 11m HtlvfI 

VI'I1'I11.J1.J11'l1~llJtlLI.J1nU ASTM C 109- 7(11) 'l;~nU11'1~l.JtI;;ltJlJ11'I 50 l.Jl.J. VlI'I1'ItlU~tl1~ 
3. ] • 28 LLfI~ 90 'lvlJ 

v 
v .. 

n11l'11'1m Ll.JtI\IIlnLLl'I~ 'hi 
... '" " .... "" 

LLVI~l.Jtl1\11ltJlJ11'I 25x25x285 I.JI.J . L 11.JV1'1nl1V11'11'1t1U L~tltl11J1f1 3 1U l'I1lJ'I\Ii\m~1'IfilLaULLfI~ , ". 
'\I V I V t.I , 

n 1 1l'11'11'1vl L ntl Ul'I ~l'Iflv" 1n.y; "LINVlI'I1'I tiU 1 'l 'llJl'Iti ~VitlC1MJ1~ , " 
. 

21 .3 'If 
v , 

LLft :;fl11l.J~lJ if l.JYiV11i 
, , 

65 . 10 % L~UL 'lfl1 4.11.28 LLfI~ 57 'lU 
q C:i .... v .., 

1tJVI 2 LL1'I1'I~ Lrl'i tl ~l.J1l1f1n1'l'Iflfl1 
" 

v v 

fl111.J1IllJVI 1lJ1'I1 1 L fin n 1 1V11'11'11lU 1 1'1I'1vI'I LLtlfI~1.J1' 1nl.J11l7S 1lJASTM C 

( 13) , , ,v ' , 
261-]] LLVI~VlI'I1'I1lUL~lJflnU1I'1nl.J1l1mW11'I 50 I.JI.J. L~I.JVI'In11V11'11'11lUL~tl1l11J 7 'lU " , 

• I \.IV tJ' 

1I'lmLYI'llJn1I'1'llVl1\'l1f1 (Sul6wuc. Acid) ~nfl1 1l.JL tJ l.JtJlJ 8 % l'I1lJ'Il'IUn~1'IfilLaIJ1tJLLfI~n'lflv~ , ". , , , 

1ULL1~1lvflViLtJ~!JlJ1tJm~v" lnLLYI'llJn'fI 1,] LLfI~ 28 lU 

"...... ' 
LLft ~tJlJ~ L I.JlJl'ltJ1l 1f1LLfllJl'ltJ 1 ~ LJ1V1l'1ii ~ 

v ' , 

'l ~ L .1lJ 1 fl111'l 'llJtJ nn1lUVl1 ~ 
" 

, 

Lii1l~'lnn11 L ~1 (L066 on Ignition) 'l~1'I~n'l11.J1n n111'1ruLaIJLii1l~'llnn1'L~1'llJtJlJ 
!J 'IJ'" \J 

... . , .... ... ri I' " '" 

~ L I.JlJl'I~~n 11'l1lJl.J 1nl.J1'l 1nn 111'1f111JI'l
v
,tJ1l ~lJ'ILLfI~f1l 1UtllJ 11'11l1ln 1 'llflVin1lIJ'llJ 1 m ~1'11 1 ~tJ1l ~ 

" "u v' I " v 

11'1I'1LU1lIJL~1l11nfl'l11.J1t1lJ1'I~ lJ1ln'llnii11'1f1LU1llJnfl11l.J1l'l~'l'lLYil~I'I'In'lltJlJL~flVI'I'll'lfl11l.J 
, \J \J 1 \I 

• 
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~ 1 ~'l'1 ( W 1 ~tlfl ~tJ14~ (W~~~n l~in ~ ltJ14~ (lJ14;tJfl;lI m114;tJ 1 ~ (fll'Mci ~ I'f 114fl11lJl'l~ (~Ufltlfl ~ 
" " 

tJ14~ (W~~~m~~,tJ 1 ~lJl[IJ 32 00 ~lJ2 /n1~lJ ~~I'f~n 1',tJ14~ (W;tJfl ;1I((1'l14~1 ~ (fll1l1ci ~ m'l~ 
" " " 
(~14'ItJlIllJlJl111~114 lJfln.80-257r 

~ <OJ'' .... col 1" ... ", ' ~ .q.q.q 

flfl 775 141\'1 ((fI~fl1nl ~nfl1l1nu~tJI'lIUtlfl~tJ14~(WlI'!Il'lml'f~n11fl!l 280 141\'1 (tJ'IJlHl1W 
" " 

" q .q ~ I" I' ~ 
nlJ 240 14 1\'1 tI!l ~tJ14~ (lJ141ilJ!l111 ((I'l14fltJ ~ ~ (fll'M14 ~ 

" 
.q 1',,'" G VI 

1tJl1 3 ((l'ffl~~ ,m11Wtl!l~nil'l~~1tm1~fl~fltJ!l~l'ln\J11'\nlJ!)jm 'l~ (l114'Imlnil'l~~1U 
" " 

I' ," I' I' I' " 

((H!l~fltJ!l ~14~ (wlI~~n 1~fl1f1in 1 1tJ14~ (W1ilJ!l1f1((I'l141ilJ n (fll'Mii~!lW1 ~lJ1[IJ 25-30 % 
" " " , I " 'v v .. .. ~ 

1I1'l!lfl1~U~(11'l1tJ!l~nl1\'1fll'f!llJfl!l 3 ~~ 90 114 ~~fll~flin1 1u'lnl'l(fiu~nutJ1lJ1[IJtJ!l~1I'ffl • 
(~!l~~l'flJ'l14nl1\Jfl\'litJ14~(lJlJ;~~nl 

" v I' v I' I' .-'" 1' .... I V 

n 111~m l1fl1 tJ14 itl!l ~tJ14~ (lJlJm~flll1tJ'l!l~ (lJlJlI ( wl'fll ((I'l ~lJ!l1m ~ (lJlJlI ( Wl'ffl~ !I 
" ~ , 

o V q", 0 <OJ 

I'fll1 1lJn l1\'1fll'f!llJlJtJ1lJl[11141~l'flJfl~\'I 

.,. V I V I , , 

((I'l ~lJ1) 1m~'l 'lJ'l14nl1\'1fll'f!llJ~fl1n 11'll1I'lM~ (\'IlnU 
, I' v v ' "" I' ' 

705-770 % ~~tJ14~(WfI~~nll1!l~nl114i ~l'flJ~fl(~14!l~111'f11414ill!ltJ14~(lJlJfI(\'IlnU 0.544 
" " . ~ .. ~ 

0.547 !ltJ(wtJ~(l'ln14!ltJ 
" V' ... v' I I' 1'''' ' 

((1'f11 ~'ll1 ( ~14 11lJ14~ (lJlJlI~~n l~n 1 '1, ,wifl in 11tJ14~ (lJ14fltJ!l 1f1 ((I'l14f1tJ n (fll'MU ~ 
" " • V I • V • 1'1.1' 

1tJ~ 5 ((1'f11~~ ~n 11l111l1v1((I'l~14il1tin~l'fru (~~H ~!lmmm~ (m~lJ!l1111~i'llmJ14~ 
\J \J '" \J 

'v' • 

((fl14il114~n~l'fru (~tJnI'lUlJlnn11 
"-

~~flllJfi11lJ111nl1l111111fl1 l (~14tJ5fllfllf1Ufl1~nUtJ~lJlun:i~~(au'ItJ :i~~(~tJ'l14nl1f11n 
.... i "... V ' , v 

(m~~fl1 1lJ~14ilJW'Vifi 65 % (~1414i~!lu'l14lw1~fl1ilI'l1~ (CapilltVt.y P01t.e) f1~~U!l1'l (~14 
" v' . I'"v ' 

'ItJ'I1I1 ltJlJ 111 ((\'l ~n l1n 1 ~"J lUtI!l ~ 1 m ~fl1ilI'l1~flltJ'l14tI!l ~~ ( WlI ( Yil'flll1~~I'f!l ~!lii ffl ~ ((flnfll ~nu 
, v ' v v . v ... I' t' ... 

( U!l ~'llntJ 1lJl[1JlJi~'l 'lJ'l14n 11~ I'flJ'l nl'l ( fiu ,mu W'ltJ:;lJ 1[11 ( U!ltJ14~ (lJlJ lI'l14tJ14~ ( lJlJfltJ!l 111((1'l1411 
" " 

. 
~ col oVV v 

6 ((l'f1l~~~nl1 (tJI'lW((tJl'l~tI!l~nll'l~1W(H!lfl 

8 % 
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. ~ . 
1~~Wu1~un~ruL~~~fil~1n 11 ." " " 0"''"' U q.q cI.q 

m'l~nlIN1ULL~ ,.m~\11 L tJi'lWLLtJINJ.Jm~n11 

~ ~ ~ 

'ln~~J.Ji'I'lnn11\11~~~1~1J.Jlln~ ltJ~i'lL~~~U . , 

" 
13.3 % 

4' " ~ 4' r " 

3, nOli'lv,iim 1 ,~v~~~ ,tJU~ L J.JuYI~i;n lYl1n11tJU~ L J.JUYltJ~ 1Y1L Li'lU~tJn L fl\ll~U ,il~ 
•• • 

, v '" #' 

tJl~J.J1ru 25-30 % ~ ,lni'lLfi~,nUtJ1J.Jlrul~ Yl LQ~~~~~J.JLh J.Jlun11\111tJU~LJ.JUYI~~nl , . 
t' \I ' V V I 

ct 5.....q " v <4 ct ""'" 
4. tJU'!l L J.JUYI'ili'lnlJ.Jn llfi1~U lLLf'I ~n11111 'lm L J.Jmm,u~~n 11 LLi'I~J.Jflru~WYllllU . , 

" tJ' I' I' I' ' 

\111UYliln 1 ~ n
V

1in 1 ~U ~~ ,n 1 ~'!lvl'I\1 ;flL rI~n 1 1tJU~ L J.JUYltJillYl LLi'lUr1tJ 1 ~ L l1\1il11U, 

u11ru1un1J.J --,-

1 , 

2, 

3, 

4, 

J.J~n . 80-2517 

lIIU1 

.. 
tJu'!l LJ.JUYlUfI~~i'I " 
" 

5 , S.wm C eme.M Co, 

, . 

7 lIIU 1 
, ~ . 

... ... q v.... v q 
"L~n~11L\IIflUfI1\11~lfl~UmYl" IlUUl1lMf11,\11 3 l1 . fI . 2520.190 

.q I' ~ 
"'!li'ltJl ~\111U'!l L J.JUYIL l1~J.J1m ~ 1U, 1UtJU II LL~UtJi;, .. . 

~ , ~ 

II L \IIflijfln1~1 '!ltJU~ L J.JUYI" 44 lIIUl 
" 

"Adv-tee. art MalUrtg Good COrtClte..te. 'I No, 1 Mallek 1965 , 

• 
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6. ASTM C 204-]9 "Standall1i. Tu-t Muhod 60Jt F.i.nenu6 06 PoJvtl.and 

C emen-t by A.i.Jt PeJtmeab.<.Wy ApptVta-ttLll" 

7. ASTM C 188-78 "Standalt.d Tu-t Me-thod 60Jt Ven6Uy 06 HydIr.au.Uc Cemen-t" 

8. ASTM C 187-78 "StandaJld Tut Me-thod 60Jt Noltmat COn6.i.6tency 06 

H ydttauUc C emen-t" 

9 • ASTM C 191-]] "StandaJld T u-t Muhod 60Jt T -iJne 06 SlUUng 06 

HydIr.au.Uc Cemen-t by V.i.ca-t Nee.dte" 

10. ASTM C 243-]9 "StandaJld Tut Me-thod 60Jt Bteed.i.ng 06 Cemen-t 

Pev..tu and MolLtaM" 

r 11 . ASTM C 109-17 "S-tandaJtd Tu-t Muhod 60Jt Comp!t.u6.i.ve S-tlteng-th 

06 HydttauUc Cemen-t MolLtaM (U6.i.ng 2-.i.n 0Jt 50- mm Cube 

S pec-Unen6 ) " 

12 . ASTM C 596-]5 "StandaJld Muhod 06 MeMwU.ng -the VIty.i.ng 

ShJc...i.nkage 06 MoM:aJl Con-ta.i.n.i.ng PoM:!and Cemen-t" 

13 . ASTM C 261-17 "S-tandaJtd Tu-t Me-thod 60Jt Chem.i.ca1. Ru.i.6:tance 

06 MolLtaM" 
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* 1 2 

CaO 61 . 1 60 .4 63 . 8 

S-<'°2 16 .9 15. 1 20.2 

At203 4.9 3 .8 5.4 

FeZO 2.8 2.5 2. 9 

MgO 0 . 1 1 . 7 1 .5 

S03 2.9 2.6 2.6 

Na20 0. 1 0 . 2 0 .3 

K20 0.4 0 .4 0.5 

nl~~ru l ~8IuB~~lnnl~l~l 10.2 13.3 2. 7 
yO 

fill~~~IZ8~ ( ~~2/n ~~ ) 
"i ... q ""q qq ci 

\f1m5IU~lJlllJ~ 11'm~~BtU~" ~200 3200 2500 

3.04 3 . 06 3.1 2 

• 
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v 

fllllJUUL~~IUn~ (%) 

l 1~ l'l lln l1 n1lfl
v
l 

v 

-1~!Jtflll (lllYl) 

v 
.... 0 .oq ~ 

ilfl1lnl1fll!Jlll (~lJ3/~lJ2/1lll~) 

27.4 

115 

280 

, , 5 
~LWflLW!'lfl 9.8xI0-

v 

fllllJ!'IllJl~~'lllnl1fll!Jlli 

(~lJ3 /~lJ3) 

-lJ1l1111 

ni"v-J1tm1-J1l
v
fl (nn/~lJ2) 

v 

3 III 

9.4xI0- 5 

2.09xI0- 2 

1.09xI0- 2 

136 

192 

79 

27.2 

115 

240 

11.1x10-5 

6.5xl0- 5 

2. 36xl 0- 2 

1.llxl0-2 

205 

277 
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~ Constrl c ted 

capdl ary) 

.... o;i , " 

U II~I'W1 

(flurette ) 

, 
~~'IUm~UillJ 

, 
1fl1lnm,il1 ~fl 

, 
nil;' 
v 

80 

.. 
. ~ , . . ..,., 
' . : . .. .. . 

•• .. I 

(1Ispirator) 

n~1U 

v , 

l11wn InilnnJ1flfl11 I.Fl 1 000 ~~1? /" . 

V 
4 ri • 

I fl1 il ~ IJtJVlfl~ilun 11 fll W 1 
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