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Abstrafi
This paper irrve$igittts the effects ol ar.irling naturul rir:e hu-,ik {L!h roileeted fr*m u*sorr$olkxJ trurnigg anrj withur.s
previous grinding {NR$A} ns cenrent replacemeni i$ concrete. To ctrtain at adequate parlicle size, hG,}{A w*s rnixer! with
co{rsr itggre.Irate f*r a tonteni€nt peri&l of tir*e belore *dding the o*rrr r:*mp*ue*ts. Cornpresrite strenglh, water
absorptir:r, pon*;ity- an<l abrnsion resistance expres*d as neight loss were erarained. Tesl results sififitllrat detreasilrg the
partiir:le sire lkrough mixing with coarse aggregitte improved the compressivr $fr$Erth. reduced iH prnfrerUil$y-
increastd &e a.bf-*s&$i6.*ixts${a't f .s(ffitc. tsy mixing NRHA.#ith aggregnte fnr S min, abrirsion resislance irnpruved by
18.35 fio{t ?3"fr3fe cver the contrtrl c{'tncrete al ?8 irnrl Qi days. resperctively. Ia*orpor*ting NR}IA in cc${:rere by grinding
wiih coarse aggrcgirle durirg the mixing prr.ress could be suitable far making normal-srength r{rncrete :md }'*n rpphc*"
tions wher$fi]rasicn rcsistance is an inrlxltaut paranreler. In addititxr. using FIR]IA ar a pfftiai rcplacem**t eenrect
contdbutes ur tire reduction {$ ffi}s glpftti*hs due to tk production af cernert.

Xeywords Ccmprerxive $lreEgth . Abrasio$ resistrr}ce - Rice hulk i$h . Cilrltfite
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Indonesia is *ue of the largest riee-pruducing roruiriel in
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lirrrri lqurlai of irvrl ErrrjiretrinL)

*ft
.,uLr i'\ ilr,rr.i.,n.- tlre riri-'nil] .,t 1{llt rBr,r 11,1. :

ll.rlrri'1.,r:r,i i:rrr:ilh .r'i. Tlri\ iilailirrtr l\ irirrilllrt(rl liJ

ihr fuitlr t-t1i1l.rlt i)1 iitil;rllhlrr rtlrr.r .ill,l il)d \arl LitJd
liirj.1!'ir.1l!.r llri\fll'ld1l i1l !lla ililt!l{l\ \lI).ti1ttt- r'j ll['Pill.
llr'lir) 1L)t'11a dl ,11. ';. Irr ;u1 uni!1ntr!rlir(l hrrrnril urrn.

rlilrrltl il!lLl \\'r1il{1lrt {rrc\r{rLrr *r'inilrn:1, n'rrLltiltl I{ll,\ rs

}1r!)du.l.l * ith i.rrr.'r' rlurlrlt dul li, hr;,,l!t elrhotr f():1{i't}t.
'flic high ('ilt-hrrrl a()tiltrll lrlirl:1o lrrr ii'tcIrl}t 1ri \1,ittrr

rlr:ttt:t;rrl r!1d Ftrli .c::r dritLrr c.Ir] ttl tI|tli.tr iu]r, r!]11'

!l"Clt. :lr1\\a\i:l'. 1r1 :'M,iillt' ll I ' .i, 1; i't 'i'l::ri t., i:.lL'

"l/,'. lli.' ::r','t' liiilr.' rd.l.1r1 li\ 'il t'-'"i."irt.;l l:lli \ , rr: h,'

l:tl;:ir )\ iil. Itrxt r:r r.'t. ltr' It rri't:: liits airll\iJrf,ihlt-' etr:l:
iZcthitro e l ul. : l"hrr.l rrna ri ;:l -, : I St'nh.ti.' i-

:"":ri,:ri,. r'i .,1 r ',,i i I 1n\r\tt!uir.1 lltr prrrsrbllilt r,i

inrprL,ii:i-r tlrc rliralit.. rrl rrsitlLr;rl RI[-{ lritlii,L:l l),.\rrru}
{nniiirlJ h1 rrnrplr n)l\lltrt rt \\'rlh f1rir,'\a i r-.t.rlc lr-\r' :r

(rrnl.ilritli{ prrirrri i;i llrlrL'Frir)r tir 1ql1}ip. -!ii:,'t , ,!i..!.i!'
Li,ll)fr)l1i:1lls. lir'- lC\l !r'rrllll rltilriLri ril,il:1ri'fL:Fl.raallicrll
,,: l5'.i ,ri : i :l:.'1)! i\ilit rr:irltral RIl r ,rlrid\1.(i \it))rliu
1i..1).r!11,.r' ,. 1,1llli..rr.. .lr..tr:'llt :rri,i ri ,.. L:r
rii, ,i:;,1 !ii,r.il:t1itr l!tol)(rlia\ {rtrr1.. slrririktigt rLriJ ;.,'r
,!ri'.,r,!lii: r !,1i1'ifirld{l lrr aL,llllr}i iirli.i.ri- siinlnlt. Br
atLrptrng {hi: rrulirurl. rr:iilLull RI IA t rllri,ut Irr.r\ i(,u\
gllliJins tlitr hr' LIrt'rl lr) Ilrl)rlLlfa n{)rnlill \tff11!:lh ii)llrrtllr.

.\r lr rirrr'lirtriltr irltintr-\. ilrliartrtrr'lrrrt rltrt'lirfnrL:n! lLis

htl:t lt:ulrtrl !()llla' !r!l':!l.ih'ir! irl In.i!riti'slii. ln rrrlh lrtclts. rr

r'.rll\clili(tllirl a(rll!ral{ \\ith Lr}nr]1lc}:i\.t sllcitgtir rrl'

l(l l\ll'lr Lr)lullrilil\ tix'ri 1r)r'stlutlur.ll cirndact.' rr :prrlfir'rl
prr Slll i).1 llij? ; l. lln1rrrr.is:r'.l RI[,\ r' rr rilrhll
irlt!'rnirili{ ir\ (tll1!'nl rtltlii(!'!lifIt in f(rt]!l'rld lr)lLihr't u ith
:rll iiIl1r|]ill]Ll nli\r!1r !lLl!.i![i{}rr lr} ilrhrr'\r' .r tlcsirci-i p"utiilc
:rz,: l-lli f{,/'r,.l.rtlT$ lr:r( li\i{\ i.l ill IA \\il\ 1:}lluLli(trl h\
ih. il.irlrrJe 'tu-' Tlrrr rr\rilt'(h itirtrrr ilrrcriir;rirrt:: tjtt
intlttr"n.r :)l .j;l:,ili]r.t utl|!!ti(:\:ijri ltll,,\ r,rith .,lttsrr
J:-If(j:at(r 1ill irillilllr'\\i\i .lriilr'lj: i\ rlr'!,{,!ar:rJ\lt,r!).
F1,1i$q1- itll!l ,rl.t.i\,,,I1 ,( \lrl,tltr'f rrl Lr)tl\CIlli()nitl ,-',jl,rti'lL-.
' {r;-
f,lir t.-'r'ii. ',1 lira .turl\ \\rrriL{ hr lrttrlrr'lrl {'ir Ilrrrlur'irrr:.,"",

.tl!irir,r1,]{ l,11! irt\!. irttt iIi:li irr.rirlr Iri:riililtr. lr]ld lii\r.-'
lrcnl. irr,il('il,ii1 in tlrt rurrl arr'r..

Experimental procedures

Materials

[)lrItlill]LI fi)1ttli(t\il!' ei:ntrrt tl'( ('i r'r1ti1r)il]ilil.n llr itliiirnt
:r.ur 'trn,lirrJ SNI lit{rj i ) ilt)ii grtlr rPccilrt Lr:rr itr ,ri
i ilS tr,rs u\((l in llrs lEiqti..:irirrtlt 'l-lrc Ir{'{' L"rlui\ Jl{l1t

6.HS
u ith (lh\'l Trpt Ill.\.\1 raillf ltt r'rirtt,!lti\ Illr, \ irlli,,.r rrrri
-l(i', ll!Jn.:r.ll ,lrlrtrirltrtc. trtciuilt0:: !ti1!ili(l i:riirlrrl,itril hl*:t
;1,*rr"rrr '1.ri- 'iilri lurlrL'. llr ash.,*rd rrl>\i,trl {{'(lf(rrJ\:

,r! - I : ,\rln:rn ,:1 ;l .l::t I T.lar:rrr1r. ,:l .ri. i.

\;rlril.i! tirr:l ",in(1 \\;li1.! l,nfnr:. Iritiriirlii" rii ll7;inri,r

Ftg. 1 Iltsirlurii \l{ll.\ :Ll1ur lrrjrn*i: irr.ir'.\

\lr\'!ti!! l'r.!'.:rr ,'1 .1.5i{ !\.i\ il!ili.r! li,lt,lll-,ir'r:.t1.' f'rrarsr
,r!--laSarlr \\ii),tr1,.ajiia rlrLnr' .,rrilt it II:ii\utlitiil .-i/i !'i
l{} trttil .rtrri .lrr-:ir' ir.il rtr t\l I $1. ltetitJu:il llll.{
r,htrrinr"ri llr))ll \-'}lur iitlLl u11rrrntrLrllcil lrrrrrriltl :t (]r,*a.

SrrUlh Sulii$csi. lrrdirnesilr JnLi \\1llrr)ut Ir,Lll t{irir rr.ill!liIp
'.,\ n\c(1. Thc t:idLr.ri NRIL\ u:c,l in thj> irirrsti,:atiirn r:

\111,$ii iil i-1.:r lt ..rr: !,. iic:uli r.'rtr llrrrt ttt l r.: riil

'irr attil :h:tI1 ,1 NRIL\ :nrkc rt Llillidull tl 'rlrt.rin ;ru

r\iaiir'lit l)r1ll::ilria iLllatl|)]i .urJ rt.[iltlitiill{]\ litilrjJ}t's
\\altrtlaillirrr,l. lr::1.rt;.r,rl :iir'ir,,rr!i,r!irr (11.^L! rit'i\'il,jl 0tl
il,,1 ,rtii! liiL l:rlji,,i.rlt, t, ,j!ir,,ri i,rrt ,r1.,, ll).' ltlii'i allii r t,:
1i;r' iJ:i.liiar i),ii11,. i.',. r:1 ;iri rjllrlr,li i ir.rt.r r'l .rj r

lhctr'li:tc. lltcr r':rn ht' ttiltt,.i \\rth ar):rr:f :ttlra::lrte\ :inrl
,tr,rLlr)d {!r i,hlairr arr :rJrrlurtt RI l,\ palticir: rize rltt r tlrr
*ertk hrrtrils rrj Nl{il.\ ltrrt.trrlr: sh(}\\r} ln l:'ig. .-\ irrlil
1 r!nrlt Irri\ r':tl hrrli lte h;:.ril \il1)i]r l]ii]\li c i /f r' { SI' ! r lir l;.;rl
ti, )11:rintri'r :itrtlp i;1 iiir riinltc rrl li(i illll rrrrlr

Mixture proportions

Tlru tnntri.ri 1l: r11gg rriLs rlcri!ttt.i .n ir fn,t\tnlt(rt1ul Ltrl]

LrtlJ t(r ll;l\t .1|r:iil'\':\i1,'\i;iii-:tit Ii lit i\ll':;,r, .l\ ii.1:'
:r..rrflliri!' t,r Sliil lli.ls.ii t i- l'ltc llrti,, {il f{)n.ft'lr
nlr\ pri)lx)rlrirl rrrLs i I SS I Si: I |rrt Lanrril{. I liii r;nc

]r:!rLrlitlds iirl(l l.h-l c{)ilt{ llg!rfS:rta: \r1th a\1n\t.tnl },i1al
Iti ri'nl$)l ,-itirri,,1 ,)iti. l-hc NIll[,\ re|]ltrrnultt ,.\,rr !5'.i
hr rri:i.:ht rrt'tlli: r'rilr.,rl Thr rlritr,ri uiil NRIL\ rrirtLuc
r':..:r tuirrtl rr\1jt-{ lltr: li,llrrutn! nl:rillar {-tn}1-'11i/NRIt.\-
\.itlrl.tttri i.rr,:t\i,ri.li-"rrj $rlr'tlr\ itttrcrl t,it i itrilt hcirrtr:
edtlinl rrrtrr. .illrl \LlPrr Illit\llil/at. ,.\ll i'i)ilri1\iilrnls \\ar'(
lni\til ;irrin 1lr -l rrrrrt:rrrtl tlien rrrrr*ti nr:inti:rllr lirr I nlul
Ihi: ltt:lr r'ii,llatrl{t \1,1t: }lri\('Ll irrt:lt1! til! I tttin t.tlirlc
pi;reing it tii ltrulrlr Tr, rrilu.r thc |111isls sizr. tlrr NRII'\
*;r: dr-t ruir u itlr Lrriirsc 1r.!1tr(:.ite lrrr ,{ nrrn t5rni,\i{ll;lt
rrtrl t tttiti tliniNRIL.\ r hr:tirlL: lir* rcrn:iiui:ti: nr;rttlll: tcrr
addtrJ" i hctr. :itttillir rniLilrlt Ir(l!irlrnrr i)1 (hr' Lr)lrttr)l itntl

I 5fi rnL(t
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Testing methods

-l"hc :iur:rp rltlut Jl arirlircl!' ltlts i11c*rrrfr",l ilff!rl(llnI trl

.\Sl\l { 1Jl i I ('r)11pr.\\i\r rlri.nslii lilil pr,rLlrlrr:

ri.r\lriil\ r-rl L\)tl(tatL $,'L't.c n1r.r\uIdil (1n lhrlf {ililliirifiti
)lii:Lir'iltjn\ rri -11{11) . l{I} rnrn [1 ]t rlid jjl Lllrs tlttr
Ltrrirli Irr '\ST\1 {"-la,') r ' , rtr)J .\STl[ {'-1'.) i ]-

If\pr^atr\ fl \.
Tht rt,rlr: :rh\iIrIliu!r ii!l(l |!rrrr\il\ \ ilittc\ urrt lr\!rd irl

!)l rl:t.i:1\lital !i*rlt:icf{)t:: ! l(,..\S'l\l ('ilJl (.}l t t.

[.r tlr.. 
'rrl 

.r:irrr]rrr.lt ,i'..:rir.:' | .::,. .: r. I

. :ip; 0l)li llIlt ,,\irli, PtrPltifll' lila:t' t\.tr,J Ltit II!ttti ir

r'1lirtrlrreal \priilricri \\ittr (iinrcn:l!!rrr rrl,-"11Xl l()1).

ii;rt rtrL .: ir)lr hrr.[ilt trf ]t) nrrn arirLl il h{rti(ilil }iriglrt 1,1

ii) ttrttt \r', :,:r.li\ \\,l. ,lf'..1 ll .;'t ,,.1 ,: I )ir}, ilrrrl.r
!',rr)\l.,r1l \1iii.:lrl i il'1 r rt.rr ilt\l.ii,rf(' - heir. ,l:. .-i(', rrrr,.ti"
!i ai{ irl,llr('lx'{i ilt r\ itlr't lirt -fr 1, i,. .t, iriq I \.tilrt.l!i'.1
\;t:i.ii.'.' tli! "rritrl:ll,1r. a:trl,lrttt \ei,ilrls,t.'rl t.'."1,it'i|
lll'lt Iirt t11*t ;ri,rr:rt|llrril 'i, lha 5rr.lrrlcrl t\\',,\t rr.Lr

!:rl(ul.ltrLl n\ I:ri 'l-l-- tl:'r l.ulk rlrtr:ilr,iL)B[)t lnil
,ririi)iil\ { /'} r';iirrrr \\ rrr diiirtrliiLc!l rrrirtr: Ii.1.. il!r(l

.\n:tler.ri.i.rr:ttr! !)l.trh)tla lorttl]ft uilli r'i:ltt \tai'l \l.rlictr,\
iiIrl lt]l{)\\,rrl t!1 ri.){.itr' tir l{){X} t()1i.1(lrjn\. f irr. rptrinl!.111
\\'ar!' \1'tlrhall a\tr'\' 1(I(l Iir{,lli,}rr\ lo lt}.',irtrrt \lt,-thl
.lt.urti'. Itt-citrrtir rlittiitr l:\ Itctti:itt.li, iinrl S".:,:1 i. Illtrr
tt.Ll. t i arrrl { I :tlrrr u:trl I ,,s \rr,:clrr Ir'\t r,}(-\ )li..rir"

lllf ,llrt.t'1,!t; ii\i\l.ir:!ti.,.j r!rllitr.li-

re$pertilEIy.

f r,y2 - wllWA:r_*Wi.__-,xl{X)

lv1DBD=7

rll

Fig. 2 I r.r ..\n!li:r :tlir'hrrt 1r,r iil:rir\i,,ir tc\i.
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iri:cl,' 1 i\ li'ti \t!l'.1]!1d r,l thg rpf;!1;1gtir ti!tLl - t\ thi:iit.
Lrt;.rlct.l suti:itt Jrrrtu rltttrtlt t)l lllf tpdalinLrrl\.

Iirr;il.rrtirrr til\irtilrlur rr;rs trrkii u\n|! llte Lir:..\rrllr:
luhrri:r(rn rnx.hinrr l1.l liN li.]{ll l:l{){}l I i i[]i.r-. ].

('.1iiLrc1(' \lrdlitiifit\ *ita i'-t\l itilr-\ lllt!tri,!)ril11! \\.tlh
::":'l(ilrlrt:i\ ril lilii . lil(i ,, -l{}ii *ir':i. '\iirr l5 uilrl

';i .1.:r,. lirr' lIi:1t1 si)jt.jillrrtrs !\i li' ,,'itr,1i"'il iii ti: !,..i1.t

t,. llr('I (ill : rllrt.il[ ir, itt i'i trrir ,l'(.iit:ritl\ I,';

luhr.rsi(r!1 lr\ling tfll. !. lrr tlri .rf\t. r.rfhl \nr(ltrlrJls
llrr,r\iM1i! :a() ,, 5{} . i{) inrrr \rti. I'l.rti.i ;rr tlr.' I i1\

:, Sfring.r
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Results and discussion

Effects of grinding on NRHA characteristics

[.]rarrl:r5inr llrt p,x1i''1.' :izi' ir ri L.r]rurlirr ]rdlhr]!l t'\rr

irttptirrrn:t lli,j lrizzrrlrrlrlrr :rilli\11! irt nlrni:r'irl ,rdnri\lrii'd.
Tlrc r1'lrr't ,ri' lr irrtlirrr ori rurl:rLr' \tr{rr'triif .rl- Nkll--\
s:*ngrlr: irr SLIl !nurgirrg ir r|11rrr,11 rn [:ig. .. Nltll,\ irr: a

Jrlu11rr\ .tjiUl.u \lfrralurr :rrrrl ilt"rlullti' :halrcJ Bitii rjz:rlrlr
ir ir.rtl{tir. ,\r i:t uLc l)iiru.it }irf rri NItl l,\ i: lltr rnr. Srnt

lirr rrrrrll: \\*r1r (rhll!ineJ hl lilrrrrrrlrr rrirl.lhillllnr
1 ; rirrr lritlnii llli frilrltilf \::/i ril t'r:rttitil Itll..\ tr

1J{} l-i{} luu .\1tu grinrhn! 11,lll) \:ir;uri iti:r-!.r'giite. {ltf
5rnNIi{ I,\,r;r,l rrrr\RI [,\ tr,rt:i:tr nrrinl', ;r1" linr irrii:rrial
shrltri ir;rrlrr'lu trlh.rrci.r..:r il:rtrr'lr: sr;r rrl (.)'i rrtri Sl titn-

lc\llcill\'r'l\ iJr lh:. $:r1. lltt'tad{:r'[tJd Iitt-lir'lc rtrc rrl

NRII..\ rtu hr tltr:rt:rrc.i JnJ , rilll,r l;,r i.rr ,,.,' ti:ir
l, l1r,|lt',1 lr\ rr)illc ln'v1'\liit;lll\\n\ iZcrhinL, , t .,i. !. ln
:!il(lilir,1r. l!i*ti':r.t iti; ';i:rrilir"rrtl il:llcrtttrtr irt.h:irrirlil
.i)lnI!15itlr-rn i:ettr'rn NItll,,\. iliNi{ll,\ lrnri xn:Ni{[i.\
,rilr: :riirtriirr:: u illr r,lrrrr dt,lrr'!.lle\ ir\ :hr*\n in T.rhic
[tttl,.ri'n et al. t t llsL, li,tttiJ iht ]nn]L' lh\ir\iiti\j1l ill

'lrcirrir:,r1 lrrrlriro.itii,ir rrt RIL\ lith Llil-tr:rrnt iilrrlicffi
lrilrii tlli'rarlra l1;ii!h. Van r{;.r1. I ) fc}rlrttcrl tlr:,r,ifri

i1.1il:':i ui,'.',,t llll,1 r-lr::rl1 {ic!-!t:r\t\ iilt: .:t!4.;r.tl).-l

tililLl!:lt l!:!iir tilili:lrotrglr ittjlLtctrcttl 111;'.,.11;ir11....1rq'

.1 r r r:'11:,ir''. :1.,1,1!lr":i! i \i fr!]]\tIilf

fresh properties of ron(ret€

il:: ilo:rh p11rpsll!q'1:il ill]ar.rl{: iirllr:t;rrl rvi!lilLtl l{ll.\;rti:
f\!t:f iitt,l lri "l';ilrlr li r';rii lri: :r'rrr llr:r1 tlir liltl[.,1 r.L,;r.

.rilt Rrit{r:jii .r i-ri:hlr rlr,:;l'jr rri 5i'tiiart jrtrNR[1.\ .l

NrrNItll,\ {,\ i!(ilir\a tirr tlrrrr,.'tl .itrrr:p rairrr' l-lr:. rr ,irr^

!t:il). llirtir 'i'it iJti -.iirl,iqr' qitr'r. .'ilri i:,,:1: ,- i:i,,:t; ,.rttii'r;1
1"/; ti'ri;,. :l "ri ' t. f-i,rtlrirrr ":t ,ri. ' '. I\rnttt:tirtt ,iti,i
A1,lirirttr}1 J. ll(i\\(r\*r. ;r rii.tttiiiilint flrltrctr,r:r rri SI)

tlrrri;rlti \\tr 1()ur'!rl in irrNltl[.\ lrrrd lrrnNRll.\ rurrcretr'.

i-ltrs irtrlteatr': i1r:r1 llia lllr\rri.j I|trir /-rliL,r r\ iillIr,rl.ir)l
.,tllr* NI{l[,\ i! !]:cli its lr tcpi;rr'r'ritcrr{ lirr r'6,;1p111. 

-11,.'

rii.iciLrir llir r':ittiilr- :tz.',.,i -\Itll..1r !,11t\rtl iiir-- \\irlci
il!'nr lrri llr ii'ti\luia Jr'iri.i!i- Si:tr!lrir rcrLit. liri'*t h.rli
tal!irtud i1\ ,,tlj-'! .tlilil,'t\ i('lr,to I Ltn.- .rt .rt. , Ruktr:rt
.r. 7.rl',ri,,.t..

'T.lrhit rh,rlrr llrc ir\r'[r!a llr\h rlrrrrl{lr'r ] ,''.:rlraair {!

.r.iitl\'.fr.'1j:l: l.it-].' tlt.itllr,rh(l(irlit\ \\it:iii1li. r.i:i,'i',,1
:lS,f l-1fr5 'f i i1r i irr' lIc:lt r: :rrilr, ,': a1)1ltt-atf rlcai-tarcrl

r,rth tl,.' ,,1.1 tr,,rr ,.r \l(ll \ ,rrrl I ttr I . .1, :.;1. .,$rl.
!1,? 1'.:r;i"1i;;lii,i! iJi lilr'!l|.i\\ irai 1iilll iill!r;r.'. Il Lli- rl',,
iirrr'irr'ri lit;il tl:r lir'rh ilr'n\!t\ lli{,'(-i\ril urlli -1!i ir}Lti',r\.:
r;r tll.'grintirirg t!il,r: Iirr NRIl,\:uiJ clur:e uI!rrglte, -llrr:

,:]- -rr.i*S.,

{c} 8mh{RHA

fry.4 Sf':M imagiag llSI{A ot variour grinding

ir due tc th* reduction oi NRHA prrticle size. rvhich
re$slfed in a denser {;orcrele *riltrix.

ial \Rl{,\

ibi -irrr\ Rt l;\
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Table I I'il'1r.1n,1 \trrljtir irt,r|!'nj,'\ r,l !,,ilrtiL;

11trilr.. \1,,l:ri,, SiLil:,iliilt;, l.rr.ir.lrl,li,. ri..ti::t^ L\lii,i, i,r. r....:I '.lr'. 'l.l-,-: ,;...t.,. i{;i,.lt

1:, i1. : -, ' ' ii,ii.

{ r'irlrr,l tt

\iiit \ -t ,-

.Ir\i<11{ i.,

{x'l

lltl
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9i,

I r{':

lli.;
Illti
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al.$-1
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ti_:
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(ompressive slrength aild modulu5 of elasticity

l i:; -,,i;lrt.."'rri' \itli|iilllr ,,1 NRII \ i. i1 r\.r :lr.irt rirr'
.,,111e1,i,,,;11rr'ir.ri ull n!c: i\Lr llrhlL ). tl]t\ r\,:,rtrs-i.i l-]
ltrr Jri,rrll:ttrii :r.li1;1\ rl- \RIl.\ r.hrr lLr ilr rrr.rt rtr p:rrli

rltr. ilir fi,ili\rj'1 p;rrti#htrrl Ril.\ J)ri{lurcii itrr'.scr l-.r,rr:;;t
thf linlr'rll IJ\tr ll!u\ rffiuti l): llla !rrnlf ,rr\\!r. \' \i:.'t.at h rr l

r'()ilriltlt. tlrt lltr rrlhi'r hJtrrl. it',tr.tttL NI{ll-,\ rliit rt):[\t
Jr:riiulr: lrrr 5 ;:nri li rrirr i5nrNRll.\ rnLl \l1rNRll,\t
:i,litili.alrtir irtrlr11,r r: lhr cIrIl.rrs'r,' -tr iri--tir L{,il1l1.rrcil

t,r NRII.\ .,\i ll Llars..()rlrpr.\:i\( \lrallrlh r\il11 rd\fcil l{!

Nltll'\ rn.'rr:rrr'11 h'! l;..i.i iurd l;.Xt)'; lLrr iurr*Rl[.\ ,rrrtl

srrtNRIlr\. r.ir\1rr:Lti\L-i\. \\lrjl\',r\ \tm,lll irr'r..1'rii lr'.
itr '-.:rrrl I:ll',.li,l'(Ltrrglr.1,1 ,,i'.T,1 . Iit ljr.ti-t.(lr
r'{}i1li1ifr\i\i 'irr'ltr.!lli $;rr ,lrr.' lI lltr rtrlrtrlirrtl r}l J1,il,rr I(

rr.r.r,,i lhi ltrh in the Ilr\lll{ ,]11iL:e!s. \\hich il} [iilil t(rlllfr\
{hr rr;iirinr (rl l.LtLrr p$lL:\ iI ll , cenrrnt piistc. lJ) !illtJ
llrr. tl:iJu;r] I(ll,\ i:rrr j!il1rrl)\a. :iilil, it:r.t ritr: ,r,ir. i'; ,-'iji:ti
,l li:,'l;:rir..::ir,;l r'.rtrti'lt1 rrr iil, .,"jt.!ir!i ir:itt'.r-lltr tlt.

ir,,i'i!.,:;:?i):\ r': iilJ ill;riilri!l i.\trrrliic ', : {'rrtrttirir ct ri
to the erlntrol {oncrrta, 5mNRl{.A

\it.ll:.11) .;i --'\ .rti,l'ri'1,11'.. iirrt
\!fr'ti,.'il1 !,i r.11il. rr"lr' .rl -'\ ,rtr,i

a{ itl. I r: ;1. f}p Irlrr,r.:r] !r1!pcftlc\ ill I{llA. f\i}J.i.rli\
|iirlL(l! \t/r. iitl!triucc ri.,';:J( lr\ li\. (latL'i;ili\. :t',!alrl iti
,,1 I{lL{ ilt.i.'.ro^' 1\rt}r rl!'rli.!\1il:t Pitllir}r: \l,,rr,rjtii \r(''
\ ct \,1

llrc rrrrrrlLrlLrs (rl rl.r\11!:it\ ril :nrtr..4llA enrl SrnNltll,{
rr;t: hLrhi:t tit;llt titr ir!n{l1]i r(rilLrclr .rl .rll ,r ,, ' \l ': ,S$'
tlte rrrlrlttlir. ill Li.1'{r\r'1 ,,! .qtnNIl.llA:ind $rlNi{l[,'\ li;rr
hi;:hr'r tlr;ur illr !1!:1tr'!)l .r)n('!('tr {ii) r ffi;r)br uhlLrt -i.Jl
ittl(i ().liri/.1. ttti)ar'litcl\. lt c:ttt itt rafn ilitlt tlt,: l*lrluiur ll
!'lt\uatt-r. tri :tJl irrirr:ri:li r.lrlllinuad lrr r:r:::,r.r.nsrt llit!,! f,!]rl

t.lrihlc ). ,'\l ill,l:tr:. tltr' I\\'r(L'lll.rtf trret" rr. i:r lht
rrtrririiit. rll r'l:i\{ri1:., '.\.i: i.l-i fr.-li)', llr,\\r\et. llti:
lilri\ilrlttl)l IillLra r)l lt]{liiulu} altt\{ictli' rrrr'{rnfrl lr)tl.
urNIlll,{ at ;tl1 rr:tr dlii {o tlr. rrti.'rr;r'lii rrf,rti\it\ r)l'

NRI I.\ hr lllinrlinr $ iiir rrlulri' lilrrr'..i:rtr.
Iti ;rtlrltitiitt. l:tilure hr'h;rr trrr it:i: ritrril:rr 1i)l Jll r'rll!'r.lr

\frIinirn] \rrl]r f,11\i $ithrrrrt Nliil'\ ilJril('t rI]j:li;i.il .:{ii}l

ilir\t()n lLrIIre r. at.rr'ks tric Ih:errr.l ,tl Jillltll:rfitlt\.!:l\
11rs(.r \tl-d\\ irr SirrRll,\ ;rrril S;rr\RIL\ .t\nLl!'tr. tll:ri:. ..

a{}nlr'(}l !rrlLr'r'1f jl:iS. r. }rrriiri llrt ta}l ra\ult\. NItJl,.\.ti;:
h.- llllirntiiiil) !1.'/lr.r1. rir ii[:1.t.{ll1L:iil l(rr r'r'ri1t11l I'i iri,;!lii! a

llrrlnt;[l \lr't'r]rtlt i,rliiir-1r irl .,,i.r|llir llrr rrirtrtit lri{}!!\\ i,,

ilrilrrti lilt :lJcrlullta :1:i:rt.)i' \,,/i'. Zt.thrrtrr ct ltl. i I

rrtl(lrtr'rl sinrilat rr:.rtllr \\illi itlliirclll('nt i1l'.tlltr'!ll \\ill)
I:ii N'IdII,,\,

rlt,,$ .'il r't1tt;tl

rirnNliil,\. iir.'
'!i 'J,:-' ll]a!r':!ri:rl hr l{r l,l ,irlrl lt).lfi', rt\|i'!l;\r'i_t llrr'
ln!tai,,rt il: !!rlli|la\:l\r' \tlrilrlit riilr lra itlltlhtilcJ l,r 1111

.trrtrPiliru\ :tii':r rtttrl lite lrrtt 1r.rri;i:)r.' r rrl Itll.\- ..rirr, it

l)r1r\lrli!l'.'\iflir!]t |,,rz,,llrll]i,rrli"rlr \...r,.,'ri.r1)ii!rr.r'
ii:i l::rl:,rt;,,;: lllil{.r'\r i) ,rrrtlr.'l'i!;.rl ,!ilrl : ri:.:i i,}ilJr:'1a t.l

tr.rr'lt\a i1lr,.1il.!".1rt' ir!tiriiri i(i.:r:r-'..iri !'i,i. {,)\1

'-: Sprinr*



tig. 5 Tlpr.,ri i,iiluii'r t,i 5llialtlE;l: itttriir l,,ti:irr;r:lll

Water abcorption and poro5ity

ilri' lt:l I'rrui{r lrrr !\.tltf irl\\'1rilir,'r .f;*t,\I,.rr\,,1 L{irl

r'rltt \\ilh luti tttlrirut Illl.\ -rr ')i m" .rr. .1r,1\\rl 1rl

l.ri'lr lilr l1r:r(r'rilJli' rrl \lrttr illl)i)rl)li{)r) .,1 \Rl!!r
\ rrli, l.'tr' ,lr'. t,',,rr',1 u:llr ttr.t,'.r.ttr'- ,l'lll)lt,/:l:l. li lllll.'\ ji,
litr" j1;t]!r,].t 11,!itr'\\ Iltr' $;it.'t ,i}r.,,1;r11,r1i i,tlurr iIr
NIlll,\. 5tnliltll..\ rnJ SmNl{ll.\ *tlr' l.:x. i iS urrrl
j 7.11; rt\;14(ti\.i\. l:r adriitirrn. SrrrNRli.\ !('li( r'tti'
rrhti.rierl $'itttr Jh\rlrlli()r :rh|ut i i.f,!)'., ltsr tliiu r:on{roi
r!)Itartla.

Sirlilrr- h.'lltrtirl' \\irs i)h\crrtrl it': r*i:rrrtl trr fjrlrir\jl\
r;ilur Tllr lrrrtr.i!\, r alurs lirr. NRII.\. 5ruNRI l,\ ltrrLl

f T}INRIIA r\ f rt li.X.:. -l j I trlril '1 i{r'i . rr:iprrtir rlr. t }n lhl
rr{irir h:lttr.l. $rrrNRI[,\ i{rl}(rr'1. trrltirttl litr l:,rrr,'ilr rrlur
l-i1 1ifr,1,r: l!) : i r; a{)111|xr'aLl tr) rlit'll1'()l ir}tlffdtL. I his i\
nriiilll\ riri\"lr! tiii' lriri/tJl.ilur' ,rLli,r:1 r'f Rti \ .r;J\i llrr |{irc
rflin;ri! Lirltir!"i(J, irl [ill/\ il r'r!]ICrrt. t(lrri ct ;il. :

ltui,zt,r'r :rnll ('htnrl:rfitll;,r!1 l I"urthrr. \\tth i)rrrlr)l)!rrl
rr)rirf ilJll Jllysr. tite;rriiliilLtr i'l itlli\ li,iui. i,,rl :.'11ir,.ii,!,1

.,1 pri!1ii:i!ia r,':rir i(ilrrc:irrt rl ll i

Abrasion resistan(e

,'\i.ir:irrll t't:i:t:utr:t rlat.t iill j.':li\1i:i. .:i .l\,,tr,i iii ;i.i1. f,1f

.i,,,ir1r rii llblr ;rnJ I i;:, .. {ir.n.tiiii\'. tiitr $*i!hl l,r\t ll
crlu.il:lr' * itlr :il-;Ll tithr,ut RIL{ rlicr,.lrrrr} riitlr ruc. inrli

rng hrtltt lihrit\ir\n fr:li\llillr'ti. lltrr r.rtt lie ru;ririii
.:1!t;hr.;lr'rjl(riiilt)ltiii',!\!'ill!trt:iltr'\\iri.i{iiirilti.!it!.',1hr
iltlLrttsrrl r1!tt,.t-ir itlJ{,.1ti1r 1.\,rrk ,r "ii \ .'n rt :rl

lable 4 \\'.1lri iib\i,[11i,]li ,r!'.i tr,,rlr\11", r:ittr:r r* tii ,l:rr'

\1ir tr\tater rhsorpion (!i ) Ponr:iily t{t:}

I
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N

NITI{"\

5mNS.!lA

tmNR}IA

5.6 t

&,]lt

5ill
,1.?3
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rr
i:l
l-ai.

ltr.JLirr: :.tttti ritrr$ lht \tft!lit irr\5:rrrrl lr||111;111gg ,,1

aiilirr-rlr irl!rr l{Xi{i ltrll r:rl:tlrin: rr'}rrtitlci\. l1 \!.r\
lL;itn,l 11r',, {ltt r.,r.t,tltl lrr': iilf e.,nlfrrl c0ltrljl- rir: {rl.j5
.intl ir-, li', .r1 ,lr :tnrl ()l ti.[s. irsl]L:(t1\r.l\ 'l hr u;:r,:hl
Itrrr u:lr l(].-i1l .tnlj :-l -lli'., j()r NItll.\- f,il.:.1 rrll ij.ll:'.i,
li:r irrrNI{il,\. lnri .ii iS r1111 .il !Sri llr llnrSllli,\ rrt -l '
.trr.lrll rl.rr.. ri,i\. 1' i! llrr i.;,i.i.r'1t\.lf rti (! !!rl'rii \1r1ii

lrirr NItll.\ ',,,rlh \ rrrin !rftri)u1:ilir,1t rltrrin,J ilir rnr:rin!

[1qr;153 ilr;11\itll.\i :r,:rrlir:i!lti] lllr])rrr\rr] tire alir:lr:rrrr
.!,:tl\tiul!'L: 1rl !r)lt!ii:lr' h\ Jhilul l{i.li ililrl Il.(rl'., rrirtt'

rr,rlllili !iin.:.lJ ,ri.,:!. t,l -'r.,' l'll ,itLr. Tlrir i-.lur 1,,

tltt'ItLrr/rrl;ttirL. I1-'lrr'!irin .ttrrl litt ntjit,' lrll!'!'."lli. I ',t RIl,\
Ilt.'tt;tr't,, jril.1 {:tli.t.'l ltll.\,l.t.trthLrt,:" t!){'l-r\iil-.i:'}11

it,,,(lit.l\ ll:., r111.r( i1',111,,1;111,,11r iit\lirrrli ilt llrr'.r',.rii.llrir'
\l.t(.' \\lii!lr nI:rkr'\ llrr irj,liri\ rfli rirri.r'r tit:rrrr:rr;[:r\

I k;l,t rttr.i k:i,r I i htrr . {iillitri'\\r\ r' ".ir, ur'tlr .,r, j

.rlrt,r'r,'r j\'\: \1.!.;,.t i,t,,,;i\ ii !. jnatL,.i'jrl rrilh t1:,. ;triLlrli,rti
,,i Rll.\

Relationship between Jtrength properties
ind abrasion resistan{e

ili
Iitrrrrr rnri \]t(,1\ iirrr :.'l.tliln\llil: hclnilrr lrlllrl
lrrir. iitttrlirri'.r'\iiillitll.r,lti 111i)Jt:lu\,:l tlit\lt{tl1 rri:rll
\,,rr.r!", i.r.r .- Ilr':t,rtr$-*.rtl\ 'lr,).\. 1i1,.r 1q1,i.-l 1 1,.:"
illLItr:rr .i: rrffipit:rr.,Lt "!lr't)rlli,utrl ntrrllitll!.*,! .i.r'
ll(.tl\ jni.t(,ii\t.. '11i, ,,,,..,,,r tlt,j! (tllrtllt.i.,\\t\a .,!l!.!lailt ,t!i,i

ilitlllrltr\ ,rl r'itr.!tt lli .rti ri:i !t11.\t lil,jrirtl.lltl ltri l$fl .

{.li!1i!! l}}r' :i'i.;',1,,:: ;i -itl.il}i. r'i !1}lirli.ir' ltti:ii,it:ttl ti't;:

11,11;1rJ1'1'111' .,i;!'t;.,iit ;:riii ii!,!ltiilr\ (11 rrl,l\l,r llt ]t,iri {rr .,i:
iili.lr',t\r'l1i lili"rllr!.islilJi,d\r\l,rilarl iti r'irrlitr'i!'t\trtk it.rl.

. I-;i;.larltr' i.'! "r:. . .\l)' . i.r rt :ll . :illrrh
rrul Si.ltiiqnc ) .\ 1-r,lr tri,titl"tl rtl.t{i,,ntirtl- :ai'r1t\ {i)

irrrl l'.. rlrLt;r,.rttlr l{-li.ilrir'r l,'r,:rli.r.titir,t {).\: lrr \iat.trnillr
tltr: tr.i:i1i,,l,ii;ir li l,:,i.r.it .lirr.:.r,, I :..r,1.!ri,( , ll,i.tLoell\;
!tri'rIill .ill{l ril,)riillrt\ , al.i}rr.,t\ I tr, lItlt r,rlrrr' .i ii:,'
rlrtr'l;r1l,rlt r,,.'ilr.rrrtl ittritr r lii.il,rlrr.irl,'rt t!'\t.i.l;1... ij,t:
.i \lIr1]! ;;!.rit,.;r.1:r;. r,1, r , 'rj]l'r, ..:\i, t.tt,.ilr;ll r|,i :ttirLi.

illUr,'i .iJ.'1.,'. li,. ii,\r jir"li!\ilrn,'l tl:.. rr.l:rtiirttrl|l_r
irr'1\!.tti :ilrltrrtr,ti l(\i\lilti!i- \\)11tl1ii\111j .irr.i:r'11; .,:..1

nt,,ilLtius i:l rl-l.tiijtr , in)l\lr)nliii ir.is lrettr tLlltrt!r!l h\
rrllrrr .tlilrtirs iSiLlLIi.lrrt lturi Klr;ililr : h1r11111 ;111i1

l\!'ti,t(irrr . Sril!l!!ltl. rl .il. l rllii "lltrl li.ttil{r'

Conclusions

llr,' t,,ll,,r.,ir:: ,ri. lrr,t,,r.. ..,1; !rs' ql;,1*;i lr,ir:r l;:i,
i 0\ .,:i i Lt.rl i, rn

I Sfrjx{.r

Ari;r: .Jrri:rrral of (ivrl llgil:,:r;rirrr;
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