
, 
... 0/ ~ 

11U\llUfJtHll 1'111 III 'i'fl \I 

t1iH 

rlIJ u ~;IJi'1ii nuUL11"J~L\1U 11fll n!Jt'l1l.:J 1 uU"J"JlJ
v

Ut'l.:JnlllJln , . . . . 
"'" 0 ....... .,. .... 

t11L ~o/l'YIt'llf1[lJIJU ~ 1.I.:J'YIYI1 , 

... It ~ 0 ur A dA ~ It f:iA '" l-> "-'l I,.. <'>II .... , 

m~ nnm.:JlJ1L 1"JIJ'YI1LlJU m 1"Jl~t!t1nnlJlJlmJULLt1~lJlmJ1.blJlt\\ 1.IIJ~t1,l1'1nlJ f.JL '1I~UfWnl . , . 
miiLwl 1 iii! "J'llJuU 1~;;~·mni1.:Jn1 1f.J~o/l Jiil\.nlJl,1lJ~l.:J~nl"Jln;LlJU;;IJ~LL;l , 

, 11 'lI \ 

ml1.:J~ 1 Ut1<fhliimf11'·ii1f1rllJt11l.:J~1 ;nu,nn 1UU'l'llJ
u
U ii.JLL~11nmt!;~lJ , 

L ~VlJ11fm~ 't~kln;!J.J~Un 
oj 

...... ,q ... 111 ..... ... , v"'; • 

kll~1 mil Lt! ~~ lJL 'r'WlJ11f111t1f1b ~t'l1un lJ lt1f1nm'l'l1.:J'YlYll 'l1n 
., ,,,, 

LlJ1.IIJU1Jfl " LLnt1lJ, ~1IJ , 

) 



,:!I l; A ( ,::J. A I 

vl'nm 11,1 tlm.J ~lJ 'lfL lJ\UllJ, lmmn11 

lJ1n LL,rl1~ "l'u.r.J\llJ'lJllJ;LlJU~~~\IJiiJ ' SO % ( ;LlJmlLnumlutl,~nllU~~'j"1fmIJtJci1JL~~1) 
• • 

;,mVlfl~;';L;~U~J~fl1 1lJ~U h 1 Un1,~~~1'i1LLnt1UVI;milutltJr.Jt1lJ;LlJU~ l~UI , . , 

l~t1fl n!)t1im ~ '1~11rnLLnmJLLt1~tlmuU~ J~U~lm 'l~lJln LLt1~t11lJ1,m.J~fl~u l~'flnU"lJ , 
nUl~~fl~U;JL~tJ 1 ~L L;'~L L" ~~VllJfllti , 

I 

1~1~L;mJ1~un: 
" lIfl , 

11n1 dLL;;~'l1V11fJ~U~;'; L ;~uiifll 1fl~ l~L VI~mJ 1n11LL' J L ~~JLL"N 11.\ ,w@fl\.l 'r1 ;~ L VI ~1~ltl1 W , , , 
'1I1J1Hn11fl1UtJU 1 1.1\ .. ';1.1 1~t1fl [jU'r1;~n~~nt'11m~\.llut1flfJUU'r11~ i, , 

c" ,,1.1 2.- "" -=I ~ l;" 

111\'1 , U , lrJJ1U\',lJUUr.J L '1I ~U ,"~L '1IVU ,lVJ1ULIl. Yll~r.Jt1m''r1fl@UL UrnmnULLmm 
" 

... .", I t: ~ I t: ... I Q'1 A -=Iff ... Ii ...t>."':" 
LL(i ~nl\.ltltJflU l 'r1lU 1.1 t1 1lblLnt1Ut'inHULLlJl1'i1~lUUt11'fJ\.l 1.1 'r11mLt11n!lllJ flUlt1lJUfl'r1 

* 

.. 
9l11HtI 1 

* u,""(," ~ , _,I 
dlm1fflilflfJffdl~'Yl 'Il fl'UlJ1fl IllfJ 1 "U.rilll 

• • 

1 ~ " , 
lJm tJtJtJU 70 Ul'r1 

, ... ~ Ii 

, lJl UmL'lJJ 85 Ul'r1 

l~!l~flmJ 175 Ull1 • 
u 

m~m"oo 100 Ul'r1 

l'lft'l1t1fl1fl 100 UlY! 

, ~ ,~ "",-\ 
11 m 1I 1ll"1 liI1lJ fJ ~ 'UfJUIl fl'W!liIfJ lI ff~'I1 1 f1lJ 2518 
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.. 
V11'1~1I 2 

'" ~ ~ d, _.I 
~lA1Jl1'\1INl1'lJ!!fl"U+'li!lJl.j\l11lfl 1 ClU. 1'11'1 , , 

, 
t1'lU~t1lJ 

( % ;llJUt1L~mJ1lJlm ) 
mll (Ul1'l) 

80 45 

70 39 

60 34 

50 28 

40 22 

30 17 

20 11 

10 1 

i "~ d "I 
( 'li'lillJ1.Jl'1ml1l1'flllA1il~"~ 30 UlVl ) , 

/ 

'" '~'fiflm'fm;l~'LUUbb~U t1'lU'mmut1~~t1lJmU1m+;LlJml fifl tllJ.vlrl , , 
t:;:, Qj .d ~ t:;:1!;s" ..... .., .... 

UUbYll'1 IllJ bLntl U+'lfLlJUri b'W11~\l,~UU 'Jfm~llu b~ 

fil\\t1lJU'fIb~1J~;U~1'l~t1tl'un~ m1'''11filbb1~flfi (Compressive strength) , 
, ( ) .. \' ~ , ,. 

nWVllfllbL 1~m~bl 1'l1l Impact Test l1t1~m1flfl'll'lJU l~tl']'lt1m VltllU"Jlll~tlml1'l~ 
I J!l: t,... r ..... r ~ ,cJ 11 0 ~ till 

tl!l~L VlmUl 11'W1J"J~lJtlll lml'lt1r1~t'llJb Vlt11UlJmllJWll~Lbt1~mllJb VlU~'lL 'W~,] 1~ "J~b "' lJl~ , 
t1lJ~"J: 1 ;lD U 'lvt1~nmnl'] l~VI;Ell~ , ...... 
'1 611ftO.H 

dlVliU1'lIl;'ltl~l,]~~: 1 ~1'l~t'ItlU 1 ll~t'llJ;llJUt1numU1Jtll u;ml~'lufil,j '1 
..... t:;: I oC ' Q "" r t' A (t:;:..... a.."':'.:!!.d" 

nUmblr1 20 % n'] 80 % Lflm..i1lJlm tlmlt11UUl 'll'LlJUI1Umm,1l1",fi']1'lfitllJflllYll 0.5 

;'El~'JLL~tl~tl~U Vlt1~~~lnU~El~ 1 ~bb ;']flv1~1J l\\ Vlll~;1J']l.h:lJll\\ 8 'JflJ . LL;, ii "J~bm lULL ~1 U , . 
,r,1~bb;";'lfitliin 14 1

v

U ntlWil~UllJl1'l~t'IDU 
IHlnl'SlIl'ItlilU 
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u 
1t1f1Nt'1lJ , 

'" < ~ 

'li'blJUfI + LLnt1UflU 

'" < 
'li'LlJUn + bLnt1 Ut1 n , 

... II iJ t:) 
'lI'LlJUI1 +nlutlu (t1U 

:ffLlJml + mu t1!l (~1') 

.. 
911"1~'11 3 . 

'J} .... c::!, ..., 

rJ 'J1 ~J1mm 1 ~ U 1'1 LU"tJ'lJU~ 'J ffll1NfflJ , 

, 
~ fI~ II fl11lJVlU1lL'1m 

L t1m-L 'lI'UfI 'li' LlJUn 3 
(n.nh ) 

20 1187 

30 1250 

40 1875 

50 1900 

60 1925 

20 1437 

30 1375 

40 1875 

50 1875 

60 1937 

80 2000 

33 -

66 -

50 -

75 -

~ u 
fl11lJLflUU"i~Ufl 

n.n/'lf. lJ 
2 

62 

34 

126 
\ 

133 

135 

144 

150 

288 

380 

315 

449 

39 

43 

61 

67 

fl1~1;; L U UfilL u~~ 'lJU;Nt1'flflt\!lU~1 ;;''J!l~1~ 1~~ln11 3 ;U ~\llt1ti1Vl"iuUmllJ 
VlUlLLU U;ULU Uflllll~t1d~ lJ lm;;U Vll 'l~"nnnm;:'J1Vl,.in'lJm,,],)!l~1~ LL;,)Vll1"]')~ti1lJlm 

~1~1~'jJmm~Lj'lJl 
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..j 

I'l1nnl 4 

llff~NU!)Jlruf1l1~W1Jl ( Wat~r absorpti~n) 'IltJ~1ffl'l~m)J 
" , 

~ " ""'" " < < .. 
'"l ~flN~lJ LtI!)'" 'ilVoI:1 'JfLlJ Vofl L tim L 'il Vo 1\ nTH"Wl'illJ , • 

Q < A 

'If L lJ 1-\11+ L l mnJfllJ 30 33% 

40 2S% 

60 18% 

EO 15% .. < , 
'lfLlJVofl+ nnfllJ\'\n 20 27% , 

30 20% 

40 24% 

50 1S% 

60 17% 

so 12% 
Q < ~ 

31% 'ilLlJVo1\ + mVotl!) 50 

i 
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·i 

, 
rt ~A < fIlLl j,Jnd~LL'Ym v lUt)1 L'j)'U!l'j)'llJ1,Wl 'It'lfif-Jb1lJ , 

(nn. - llJm) 
-

'" ( 

'j)'LlJ,U!l + LIn(1U 25 2.8 

30 2.0 

40 4.3 

50 5.5 

60 3.6 

80 3.8 

'" ( A 

'jj'LlJUfI + LLnb1U!lU 30 2.9 . 
50 3.5 

60 5.0 

80 4.6 
'" ( ~ 

( ~ll ) 'j)'LlJU!1 + muut) 50 7.0 
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, .; 

mtlUl,J'Yl 

1 

2 

3 

4 

5 

6 

7 

8 

, .; 
fll L,nW 

Discussion 

-

.. 
1II111~'1 6 

, 

I 

I 

~ A 

nlU1JtlfiU 

(nn/'lJo
./) 

1.36 

1.30 

1.03 

1.60 

1.42 

1.44 

1.60 

1.10 

1.35 

r ..... ........ ... (( 

'iJlm·mm'j 'Ylfit1tlUL 'il~ U'll'l t'lflr.lt'llJmmhmu + 'jl'LlJUfl 
..::t, .... .... 

lJfl1fl'lllJLflULL 'i ~tlfi , 
LU~~t'I,J~tlUJ~lJlm lfi~rll~11~~rI,J~m;n';fJm~fJ l;nlUUtl~lllb'YlUUfJt1"U (mnl~ 3) "tl 

• • 
flci,,J hn~L~m ~tJUnuUnlfl11lJl;ULL 'j,Jem1)'~tJ'1Imlub1fir.lt'llJlln(jU;,J~Uml~t'In + ;L lJU,) 'iJ ~ , , 

.J '" YlLUU 

.... A"" I , ....... A ~, .... .1 ..; ~ 

1. nlUUflfiU lJmLL'j~Lm~·m·nl~mnU'DLlJUfl flflU'1Il~m ( m11,J'Yl 5) LlJfl 

"I r!ll..,. ~ ......... I .... 'l ~ , 1 ......;. r 

LUm 'lJUU 'DLlJUm m~'iJ U n mUB~ fllJVlL'HliIfJn'iJlnnU fi J 1~ fitILU 'VmmUlJflYliltJfifin~U~'l , . 
Ufln'1lfl~;'fJ~'.J~l ;lum,'Ylflt1tlU muu!l~l ~~.J 'l ~'liiLb17lJ 1 ~'lul.'1f1r.l l.'1lJ Lm'i .J~u LLfln;u 

lil1~~mm!lt1~ 
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• 

• 

1 2 n.R. 2531 03400 
11 .. ,. 

\ 1I'11,-n1trmtJ'IIflUl1flU 
... A ctI A A ~A A tr' "... ~ ...... 

2. nl'UUtJI1ULU'Ut11'imWrWlJnl'iflll'lflJ'Ul LfllJln L'r'l'il~il.~U'Unl''!Im~mLLt'I~ 
• 

.... d-=4 ....... GI 1~ A 1 ' 
VlflmnlJlJlnmlJ ~um~ m~'iI~LU'Ut'llLVlf1 'LILnfl microcracks 'U specimens '~1,111J , 

\II '" 'kol~v. 
setting petiod Lfl microcracks LVit'll'U'Yll Vl1t1f1~ t1lJ!ltJUUtlt'lJ , 

LL~1 1 flv'lJvULtlJ'iI~ 1 ~~'·.wYill ~,vt1mt1lJ 'A A ~ 
t11'U mm '!ItlJLLnt'l U flULLt1~LLnt1U rm'U 'U , 

iiJLL~';'L 'l'l'il~ 1~b'lllJ l'itl'ill\L 'i' J Lnl~i1'~ 
, 

LL ;-::~uLL~'YI~@Jflv,n1~'lill ~,vt'lWlf.Jt"llJ8tl'ULLmhl , 

~"'II:: A .. 1 A .... "" C ,q,d ocI 

L m l'YIJLL nt'l UflU LL t1mnt1ut"ln lJLL, J L m~'i'~Vl11J~1 n U'lfLlJ'U fl t'I J 'r'ltlt'llJ f11'i''Y1 LfI~ 1 LL t1~tl nu.~ , . 
.d!" .... 'v ..;. 4" f: 0 ",I.- ... ~ 

m, ... mJm'i'~Wl'U 1 LLt'I:ml'IW1~mLlt1~VlflmL lJtJ LflU 'U 1LLt1:bln'Ylll VlLL VlJ'!ItlJUnt1Ur1Jt1tlJu,: 
• • • 

LJ1'Y1~UtJ~ ltlml1~LLnt1U'i1~Lu'Uflvl vi11 ~Liifl microcracks 1 U specimens ~J l~f1tJ~~ 

;tJf11'i'i:1~LnmU1-\tlrl1JiJJnAtJll ;LlJ'Uq] 20% ~i:1lJnvULLnt1Ui:1n 80% 1 ~,vl1ll~t1lJ~f111lJLflU , , 
u ...; ... 

LL, ,jtlIlLil.l:Wt'lJblJ /
2 A... .....01'''1'', 

144 nn, 'l!lJ ( lJlmj'1'UtJj'rlm'1'i'lJ 1'Ut11,1'i'Vj'''1 'iI~fi1lJlJm LlJmm1 
• 2 

100 nn.! 'l!lJ 

o .... I A ~ 

t11Vl 'i UflllL. Jm~LL 'YImu('W'U 1-\ 
.... "'" 'A I' .... ( 

n l'U UtJ~t"llJ'lfLlJ1-\ IllJflli:1 J n 11LLn t'ltiH t1lJ'lfLlJU fl 
• 

'YItlJt1tlJU'~L,~'Y1 :.1Jrl'r'ltlL '!Ill 'iI 't~'t~mnin 
tj A ocI d 

LLnt'lUmI:1nUt1~flUlJ'!I'UlIlLt'lfl ' LLt1~LL7 J Lm~ 

Is.-.... d 1:. I 

t"l JmlUlJ'iI~lJf\11lJLl '!IJfi lml 
• 

0 .... %'.... ,.... ocI c f:~ I 

t11V1,Um,flll'U 1'!ltlJ1t1f1Ht1lJL 'j'1'r'lU 11 1t1IlHt1lJLLnt1U + 'lfLlJ'Ufi 1111 'U lflJUfl 33 1)' , 11 
.-
(lJ 12 % lf1~ L ~lJ~UL~tJU:;lJ1Ul.;LlJ'Ufit1Ilt1J LLt1~~J~UL~tJ 1 ;LLnt1U~U LLt1~t1J ~t11lL ~tl . . , 
lim'UutJ 

o.A ~ l.> I ~ d 1 .... .... A d ( 

II ~ 11 'illnHt1n1 ''YIllb'ltlUflUl.t1lJUrlLU tlJ!1UL \1t1l 'U 'iI~L VI'U 111b'1IlHb'llJm'U UtJIlUHb'llJ'lfLlJ'Ufl " , 
'1 ~L VllJl~t1lJ;'j~ 1 tLum

v
t1llrltJb'I,lJ L 'r'ldl~ '1~LL ;JLL'l"J'r'ltJ LLt1~ ~~flmr'l ~lJlm)1mLfi,vt1fl , .,. \ 

I;; A ""... (1.... oA.... ocI A A ... q I ... 

Ht1lJYl JLLnt1U flULLt'l ~t"l nn U 'lfLlJ'U fl Vlfl Ul.t1lJU!1 Ylt1lJf\1 n~f1m-Jl L'r'llJ L filJ LLt1 ~lJ'YI Y1li"1 'iI:: , , 
1 ;vi,Lum

v
t1mllJb'I.l,mfllbln 1~ Vlln'r'lmmlJU,vuu, J Fabrication process lfl~ 1; . , 

f111lJfl
v
'U ~,~ Ut1~lLnt'lUt1n~t1lJ;LlJ'Ufl'i1~;;n11LLnt1U;;UlJln '111m 11t11lJl'l'blvi,l ~LLnt'lU 

, , 
~ '1 ' .., ''''1~1 tl '" t1nf1Jt1J1l'r'l'!ltJJLLnt'lU LlJ 'IHU1-lHJlJmJYl 'Ii 'Unl'Y1I1t1mmJ1-\. , 
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