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Q.,ilJ -oJ+) ,_,:!i_rt lstJt lirJFlt &L- 6iq .r-. ,, .._iqfu a+6:1. I !_l^IjI ljrJi jrj:

.:.r-. 3 t.s ge.-jst ,.jt+i(, i.J. I ..,-,jll rrlj rl)J3 L+ ,.+.!e s!+I .j+f, .+-..11

a: 1- hAr , .it fS ir"- tt !-.i,nl 6i+J+ .rlr_.)j r'"rL!Jl_e -.rL-iI &l-- , ;jL. rL

crL.],ril L^i Oi+ +: L-jl . JL"!t , ;r... J JLnll / Ji^.lt d.j,. cD: u,. a_.r

ilSjl 6li ijl.!{tl a_,c} Jt iJ:-:ll;_r3j. aJD:)l _u" .r:-ilt dr.4j!l ,-!}

..j$fyL rj .ll djrll Lirlrll



sla 4+J-.il JF .jl$,t & ttrit &I,-at _r. i: t01 .:"U., Lourenzo el.l

6JJ- 4._.p cJl+ csjljl iib:- '.jJ- dll+-p J l*.-:-:ot L+ 28 -Fi tuLJ:I

i,,rtAl €!k ,-. ,.. J . e'( 1000 . 750, 500, 250) ers. ,p1 e.(20) ii.;r

e,l,l3. ,", ':r ,t lx JLnlt - rra;lt 4e fty.11, turJFtl &L. .,t5..'. ! c. (300. I50)

. .iqfog r;;.I tut-lX ,l$!t .irL:,-tJ.ll + ( 600.150.150 ) .,r_.1+

l.rldl qf Cr; t--/-r LjlJ rJlJJl :-. f Jt A.,r'll cj.r-r -r c.L-.:,,iI c.,,.>,J

. i( 1000 ) .r:c gtt:I ,-r.i-! l."si hc .jufut tuL:t $c :J..\!I

dLl"l-r;jjJ {1.. Jl Jri^i ,.r..r+_dl jlCl [7] Mahasneh , B. cr_,r

I $ (300'i50) rLl! +,'1j.tJ 6!l;,', .s.'i . .rt_,,J ki._rt1",,!- !4 drtJCll

,'$c.- Jt ,'.." -l * (i50)c$+ a+s.r C.(200'100) : g (150-150)

i:L;,ll s. %0.8 : j..if ir uJJ._ilJ"l ,rlc. qet..e;*)t 
-5 eill ulr arsJ. L.At.bl

cl^n Jl eit"ll CJ^+ l;f r .-iLDl ils &L;l ar-,j tell+ d1;1l d.+,ll ,jf' a.,"J

..ll :-13 1.e-l J+ co-Jl-! -,rt-): r:--,rll rj,iil L*ilr ;jJ- Ll ,-r. cFFl .i_l-.,!

Jl ,-'l ^-r a*l3J. 'oJlJA 6l+,-J"!r J :sjJl i_.rl> a+-,;q 6![.:Jl ,.,. ^-r .g,_.Lt a.+-tl

d+f Jl ,.'.dt d,-J c+- o-t" (7-I )o, csJJi;.rt q[ crF; sn_, r. (1000)

.r.i'ori Lr!.r.r (pull out test) u s ('J+l . eJ:lr.6jtJt C;j3 i i,...jl!ll ;Jr.J

rJrJS sL.JAl qf.c&)t dt L^i c!\< g;q,tr e 
jL$ 

cJ"+l (1.33 kN/s ) lAJj.

,:!-F,J (ASTM) fus- _Jr.)l ,:ri. -lr-ll \.-,.1 &l+ll Ol+," e. (1200)!r ,-,r ^_,

cr. rr, llJ.rllll .j!ll rjjJ ijLlt Lrti. c,lc 
.a-J,LjJt gL U:uitt c.,*fi, U:u:lt

dwl i"it:t OL,,.-Jrl db,..tjl .,_i!Slr ajt-.!r ,.1.,JS rj.L.lc'; tll Diti
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e et c-..u 1*-i J- %15 Jt$.+ -Lti.5!t Lrtt sir.j Glc ,.,! - r!.JoI

)b. o/o2r 2'Aj,/l r_.rl>' i+l 
"r 

%11.3_.j.rra i:!_jt 6r.i c.ilryh 6jj,ll tuLJitt

..,jisl e" (800) iJlJ 
"JlJJl 

c.,l+j e_rtr rrljtJli 6jj*Jl tuLJ;i Ot t s r. (200)

r.i1l q9Ji)l (:L-rai! u,. . ,.jlrX u4 i:-i_rlt c,Ulilt L31t",1. %20 -.jSa

.b 4.t-.,Jt lali- Lr dJFJ_ jJl ct:!J r+- Lei,-:L-l LtJjl Oi t.s jjlJsI eJt"rL.llr

. diilJJ l; !^J Jr. tuLJalt u-lF

L,rU. ,,! lSIJlr sEiut LF+ a-iL:t j- i: 4-lJ+ t2l oi.U. | ,_r ir_r.:- rE

druLil ir. gl3:l $E e...6r tj.t! d+- i_,l.l,lt iJtJ,,j ,:l_:-,Jlr ._rr rc, tuL>Jt

6jlli! a-,i_ lil iJ.lill U .tiL:l L.l ,.rrl +r,+-r ll.li ,ra !-,)1 a!:jl , !,rL-J.:ji

J" 1-" cE,".....i . 1<_r.y s,rr'r ,rJo !'j-.3 cjjls 4!Elt il.!.lt I tjr d,b.lL tJc grt j

. 6L,S. eia & ,.,rs3j e-:.+- ,JS-J 4+l+- (7) J i$$r :,r+,:r ._

.'' ' ,c. la -i-: e,Ejll ,-,li..J rJ.itF l+ JS ..1. JJyl a-c *+lt 6J_,,S

;_.115 is1 tl ajlljlt icr.+ltr t' ( 200) ;jJ: i-rr Jl A+ JS u. a,,jBl icr,.).rl

&i e rt"jl .r,s i dc:cL'.lJ r' (600) ;-rl-> irJJ Jt i-ljt ar F+Jlr i (400)

. 
dE:.11 c.$-3 .rJ.ilt

p" (200) ;_)t_.p 4+J|l J 4+ (-E rF {*lJl a.e *+ll ln.r- .-, ^ -
(600) '.JIJA i:1rr Jl il1Jl ir *+Jtr t" (400) -._1r- 4+-,1: sll 4-rLJl ar'ra.lr

O! e,Urtt O: .r l:\: . e,Eii ,"Ji. ,r :L-=p:ll .r- 6!b!t ..,J, <r ejtc!- (4)rJ i"

dx.ir !e]cL" ;il r' (200) iJtJs i-. JJ 1*r-,p .]r. k;.:tl +-i rtc Ji3 4LjJt

;Jl_F 4+! tul--ll dr.F :,r:, . iJ"lill G! rlrJ3 aj. LJt e.*Jlsl (3ls_,t_ ir.,j O(J
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di+L JL3..!'-r.D--;!! i+: LJj-J ;,li aa'U i,. JKt 6I.l e" (200) cr" _A. r

ul L"S . tul..lrn .,.,*- Jn ,JSJ.i q+ g.tll atS_.jt .J dj.,JL, rtt<_r:.ri-Ul 
3.;gJlSIl

&iet- '.r.1 t' (200) '.JJF f-. J'J '. 
. ' J ,: Jc i-tiLll drl Lll l! LdlL LJti.X s! '.Jr.JX

C!" OJs3 ls.il-r CJtd. .t" gjJ dI cil.Iii ,or LjtiJl ,rs irl-r--jl3 iigL drrg

r" (600) tJlJ,-.4-. _!f k :F r. _,r!*,1 lC &'--, t,l .. ; crtlLJl Orr t:.-. _,J !+.-

di..l Gio rJarll kl OF t$L: l:ljrL + ,fjrs3 (;J| .U"Ht OSI -lKir +lc,L ;Jl

oJ') irioL'or.l e (600) ;_.j_5 a*1 c!-:: ,;l c,.rJ.i-i ijtEtl 1!l!l ot c+- ,jjt-Fll

.-ttx,l t*l ,',* I ol

tuL"Jll LrtL -L tu):j!. I c,EL:tl J,ii: [8] .i,U-. , 9r- , o,..:r"t+rl r_r]

,''rr g. l._jJiJl ,-,, { tl}t r_;+ u;n it . e' (900) G:r 4JtLjl -6JtJsJ dJAJJ

gri)3JJ,,ll diJl, l', l.{Ltr3 Ler.!.,+ r!_*\!ll J: lnL.r-;.Il ,:*rl cj>l

br.:3 L_e (28) ;J,,i ,Ul, t*:+JL. F-, dj*I drUL. O_ d,!.S. d!€r grLneyl

+ ks}J a:rr cE re sl!,L- dl>|': 6$ r' (800) *tt ,-.r. ,;rtrs drL.,l (J;Jc'

idl g. : L Jilt clJ ot.Lli Ol ellilt ,-,- ..-Ji .i.iJill ..J 
-,s {_. } .i, ,.rJ"ll ,,f

$ gJ;cYl t'$EJll. I c,!Jt gii ,_x.tt ,,t , r. (g00) (3:S d,J Jt crl6 li,t Jl

Ol-9l d+i 1"k20) r .rti.4 g.rDE-.;e .-,r ... (%70) 6t .r-.3 .,." (800) r:.-.19s

tl 9l p" (800) 
"r.',-tJ.ll 

LrtL,'!dLt L- abLlr 69rgt J*s(%10) r +r.j

. & *X i.-aJill Gil.&Jl ,J- tuLJJ JJA$ 1,i ul O<a !+{

o cjucr,i d-:I lra ei J.,i-l ,':- iL--!l i.-t_4

c.ju-.n! * ( 120 . 230 ) J!!.ta ..Jljtrr-t uF

t9l 'l+; , J*b d-Lilt rt!

O_f} ,J:)l . i,l- LJilt e lt"il



t2

.rL-r.d + (381176'76) :L.!, i.-9J. eiL.j O. O_fl s'iEllr J.illr !li.jn)l

. {+J 1i+- 0l+:6 d1"'1-lt (njll eit"i sle &l& -fr ciLS)tr.j-jl

dsi-! 2rL\ ,j+(27.6 ,20.7 
' 

LE zrt,,rL_rria OlirL; Ori.LIi.-,r -r..1

dilsr r' (600 ,450 ,300,150,100,20) '.iro c,l+! ,-.':r 4+lAl etr-r

120,90,20) 'cJlJs .:ll+Jal ,-, J. :-n- Lill iLlillr . r^iilr -Lli..b:)l ,r3"rt!. 6t-JFit

:L'! i.t_.,ai' eiL.jll c,tlS ,,:- Gsjltr ui,Ls)t st-Jsjt (ljlsr i (

c.,ai lAr,., li. (90, 60,30) ,jj.r.iJiit ljJsX d:r,i! r! e_e ( 60,28,7,3)

. :.:L"_;Jl L:Lir 1l-. )

4+Jl+ l.r.) ,iLJJl !li,5l !r._rtL cFti:il q 
-- 

iJljall 3li:-.)l {l! e.5EJt oJ+ti

)sl a,Ljn dJL LJ . tuL 6ll i,ilt LrtLJ ( LJ.!.jt \rr r.rLj rAr* d+. a" 100

Jr_!, r-jlJ dFlsj)l ljt dllr( ejEij .:J+i . 4i. lJJ ;jJs! ur._r,6l jc +i!l:I

. rJl Jl er-J.ll ;JiiJ rJtJFll tuiJl+



&tLitl

ijl-*JiJl o=.llS
r.. lloJJ*arl.isY!



: rr{-.i 1-3

ilJ,--!l j \r'.illj' rirll Jyt+- ,J .+.r.::tr ;. J-iJl J:,_ or )ljro r,tJ:ll S_i

Jr :.ll li \ _ri_n 3++ .lJlsjrl Jlr C_! !] :,13 ,tr. t+ !: Jt 4+.:lJt 4lJlijl

Jr-"c)l ,J -ibryl lt-::-:.*t 6lJ+ill arA ra; J.r , ; !.Slt kjl,n! irU q- ,_*.,
i--rlL i,.---1 .5-l' .j-Llyl J-rr:JLlt !!jr ^r jr_\:t ks arln_) trll -Jl

f r '"'l J-+E ---l' J^'j U x 
"i,t"syt: ir-llr .ti,iylr .r^:tlr .r-!ll j tuLrill

,--i a.-'. :., l.t;.-l)t Lrii.,Jc ;;S \Jl ;t U ,+f: \_rjr:;rl,Jr dJtlltltl

Ajr ., Gll :'_lEJl _.* ir.".j $ GIDU il.r-!_t rAtJ !UL.!l :;f.;_, .'__r:Jf JLcl

-l----iiLll .! d* C-< Larlrjn ;t . :r rljr ;t .jc, -Ki -igtyr C;, , -rS JS.jf

.! n-"Jl j!J':lr gtj:,nj arj, + F J.Jt sj.r+ E 
L-JJ U,!u *j" _L-..-'r,r

\i .tiljjLr a-!J' ijLJlsll als:t :-* s:j *--1,.' ..j...:r __ll ,__i s--+,.-

4-.tL!l Jr.-c)l s.r +-lr::-) Lj)ul stJLftiytr gt"yl kilc +>l 6!lc i+j rlr-

(.. .r:t*-r: Jr+ll GJ - +l+jll ,-iLrtlt - 19lr .jltyl - 4,lrrslt ;r.flr ;.1

-i'jlr J)ljsl eill ;rJL3 .tli 4:J,el!t .-.!l:Jyt ;c J_nl tr.r J -:$l F! -!r_r

. -xll-u t:Jt

; fuL*..!t cF .i!$l tt.gr"l O. .irdl 2_3

:[ 11 ] Jl il-JYl il\j-r !jr6j

. (Toughness )ijL)ilr iju.6rUJ. i

.Tensile Strength r.ill LrtL r]l+j . -
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.frLaj-ljllj fiui,:jll LJrj. .JJ^. -

.r, ^n JLqy ijLrij LJIJ; JJ._! :

klji i;rrc tr i:ui,:jl aLijt LlEt e

qGi-:jll iJr.r C-i sl +, LlJl iiL"ll # ;.,S ;j: ._il:DU .j! elJ
J" ,-rj*jiu : ^r:\t J":j ,.+ Jl_'.j_yt le ,<q .iuV! a-LJt tuL.JAll ;i_l N aioi"tt
5J,J.r LlLi jst k!+,i ijLll (JIJ .igyt A.iL:t jij c!SJ,j6.i:jt gJs b JLqyl
Llr .r 4! jJJt Jljl)l rFr ji jt,L- 

"-i !!ulj l.itl LL'j_l j^ j_,sj r"s.J€ljsjt

. ngJlj 6:)].Jl .x fji k_F elt+: a:l qJl eijJt ,:J\ 
C.i" .t ,j___+

: t{jl-rl ,rr *lJ ,irLlt ijl "J,itt 3 -3

,Jc 4, ":.llj eculJ J.i.-tt JSjllJ crj.Jl aF Lrr. Jf: ii;LLc .91 _ar:tc fuL_> .+
il.ir l-SrrJ4-!LJsll 4l"lill .J-i ti,jljj.: ltjJj 43.JJ.J _ili:lyl JFA$!..,,..1

. t | | J ,5. i.:5!J .ri& JJsr JLer&

.4.!L- )5tr Jr\ Cl .r ; ee-:lt -..L I

.ir-Jl irFJt J gtJji-Ul nlJ- J jj,Lll eljj ;jtcl .

. JlSUll :-; 4Jl 4:,jLjJl sr:iL\t .

.!:Jt:ll &lJJl J- lajrEj .;Jj+ a+!l !)."c)l GJij .

.aS *itl JLayt r crtjlj;A)U i;JJl jrL!.yt 
.

.L!l il.;rJt r a,-lJYl

: [1 1] LS<lJiJ L.J^,t" J.I Ljl+$t etJjl 4_3

: carbon fibers .-r.*-.rlSl -i,$i : 1-4-3

..r. o:-+.J 3t:.=+ CU ,ril-: a-i=6:lr ;9!r ,:lJlr .rF 1jjs- *iJ JS-i .:rtj irL" .Ja
(o/o10) ++^.+ (Rayon) cr3:ljlj (%90) 4+"ii (polyacelonitrile) JrlJjrjr.L.rsr J:ll
. [11] ;,J+lr)l uJ+ (carbonization) ijJrSI 4!L,.r Uryt rtlt !3>, JE5j sj!

!:

' kltgl .L rt&!L k-c tit eri il.
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clli J irrf Yl ,,,l.ij.iL::_r e- ( 5 )Jt_p klr!:4:ur .jgvr _ i

.J";d.l ir.ra-Jt etj+yl rcl.,i arrrj Sr+_,,C ;rLJt Ell'Jl

[11 ]4rir,.rslr Gllyt u. diul : (1_3) Jsj

. :jJ,.l..ll GuYl _'r

Jlr. (L/D ) aspect ratio a;c! i+":.llr:_,s:. (3000 -30) crr Ul! C.rr_r+ r*.i:A

.30

[ 11 ] x -l.Jr i.j]_.,sjl ilJyr : (2_3) jlsj



77

'l

-

cillYr ; .Jg,l ki":lu ;-F : g00 !r5 1

' tun" Ejl Gl+lYt _e

L/D) ++-:$6Jtj.tC3!
.ki,.; 1C-Jl ^l iils: J ljj-l"Jl

[ 11 ] iri:. rijt 4,i_ ].JStr .julil : (3_3) Jsj

: uj,.Jtsll |-i.Lti Crlt ri !:tlt _r

rirtuA;-}}.j 16000J) 400+gtJyr (, ljrir ,-Giij- r(i-!J letri sto), cl.6

r ii" lJl irsrilsJt ls1.rr:"j i-1"+lt .j!l)t .r.jj 
J j^ 1.5 J) 6rjllr ;"_ ,_i--.,

. !..j,j!I d,t-i:,tt {J3r ^---:.6r+jr ";rjl J. J.._ti i:6- rr.5 Lrli.

.,,.,sr,-..r.1$;d!i
IRefsl

[ 11 ] jrrtsr Jjr arrr . (4_3) JS.:
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polypropylene fibers cr-L.g-q 
"l:Ct 

r-it+li : 2-4-3

vl_.ill ii- .F a-e;j*^ 1(.'-t e. aS-L;; -i$i ,-J. fJ, .r, ;:lro .rl+:f Jrl ljtJlt
.n . l.l;ll ,uji ijLlr i,. 3i /..s 0.9;-j,.jr.5r poLypRopyLENE J+\_r,r

r; a-Jj.ll ij" L.:J !J3 aLJ suLiyt cJ.+ !J! ijLJilt gjsl.r puniL tjF . . vl

:['11] St_l- e* -r . .jLtillt 4+Lc .lj:i Jj,t"Syt Jc. CjJj rill ,:li!.ijll

ijul r, a+LJt (.JJlirrl ,",19j ,',,- ol+.ll fuL.JJt 4_ilij u. J|]linr _i

L* !'JS \ J drl::.rrrl rF Jl rJ. k+L +J+ LJ fuLJAll ,*ilrl!l
allliLJl Jr'- c.-r,.,j-sill L;1j ot;,.11 ijL{ll alll.ij ; gi;Ii:jl !t gjy
fu3Uj. ,,'..r 'JiJ alL'# 6:tL: . i,jlll rJ+J p:c, iJl--.,.i fuL-;ll

4-r4

.cl i- rYlJ ,lil)l JL-i LrliJ 4J!i fuj.,* fuL!,.,!t el L- l_q_1

[13] .r...L.r] JrCl ..rUt : (5-3) $;



. 4tjr.ll L$dl eF oj-u.rist Lil+ll 61iJ!,L1 *l S_3

D::!lr 3Jr'4 i!r-j-l J+- +]!l a_rjdl .J-i qrrJtsj ._il,Jt j,U+ln 
eal u.

Jarj;rLcl ; a'.11 -ll (J! l-s L{- :..rL!l 6rLs nL_Llt j il-Jrr .r*&ul jj,ll

illl a). ',rj -a Jl.i.l rl tiirL;j,i.lt .:l;:.lU strengthen a!y,r retrofitting

; i-Lir :.LL^lt _'Ayl ;r!j 6l*irlt J,,a1j J.+ +, g+L,Jr +\ J, y! uyJlsjl

LJ'jl cFRp es:j , 4;Lslt .ijjJr Jjyj! a; *J .ai*:tJl Jt.rsr Jr-*1t

( 3000 l\lPa) G-J;JI i L..rtL li;rL l.(jy stiffness ar)LJl irlijr 6L-JJ|

JF l+ll -:+: u-ill nlrk=l Lrli.l eri:_,: gllsr 
CJ_.,tt 4r,; -ty 10;iSl

. [2] 4Jjf l ''rd:tr fdl ,_,r L"S C!i.!l

rJ,-.Jl i*ir kl$:3rLclr kJt-l Jl i,lJl 4,JL_All IL]rJI j. +rJl e 
r:+

.l r._ll -j c&sslr J-":ll aJ4,-jj JL-it ,jrl] JL^i J Li;F .:;.+ e_J$tl

i r{i ^r .-+ . ( CFRP ) .rrtslt ._l!ti ra:., ._lqUr.;1j,-ir .:tr.Jr,Jt ".r,riyl

L-rl]; _!-.:,,:- !,F.rr-)islt llji ,gj elu; cur)l :t.)gl -ll :.;!t ,ljsyl

.:lJ.;ji,.i +\I jr€jil r.ill LjLL jrll o": 
r$/ +:+ (3000) Jl ., .-ill $l

:h+,) klrti. -.rut;r..,!l 
c)_-l ej .rlrlst __!LJjr 6j..Jl .l!!1 ir:jji

,+ a+-rllt .:. +;r JQjYI ; k*; JjyAk;j,.: rc rdl JF -!! d+. -,-dl

j:---.r, a-+::* JLsi J L: Jl ;!''yl r,l . .j,-A)l GJtll ;. ae.rL-jll r:Sl JrAt:ll

. ijf Jt -tli.5)l LJIL rrtJj aJ,$l "ra Jri:_t l+ i-.,.-:I l€1-..

I {J dl J;L- J.a o.I3 ;3._.}sJt GUL;j.Jl ltjrJdt !.,)- a-u 1r9! ,og
L-ijlill C- I e 

Lu 
-!:Y;sJt +lill !ri:l ..r::;, 2;.,/ 

a!r+ ( 420 . 10, ) JJ
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iji 9 ,t_t..JlSJl ,*ilrl! ,:rlil c,t+Jl ,.r. . tci.j;. i.rt:-! r,jJt 6trk-l d a;JAll

6-) aBlSJl L), irJ,Jl sr xt.rt d le ;J,.r -. ,.,A ;! OSa {jt", i,. -n k:.-:ti"-, l.{j,,:

Jtnrtl cr-.i Gi;!r*._,Jj) +j l.rA 6lij.!n;i *:t lrU:,yr e{-fr ,,.J. .(7_3) ,(3

!SA: a.+l+ &r-sallj ,.,J*J uu+ iflst :r Jl ;l$i !l .rr.; trar 6tJ,ll L{j.r

d)-j L_+t l___r:i!l<:, Jl aEldl !_i)E:t ,,1[<r )",Ct cr l (Jlc \!jhl d+: o rtral .rA

.t131 l-el J:ill etrd-yl JF i_,clr ^ crti-tr. rFr iJr !+E:j rtll u;F

[13] ..i-*ll 4+tL-t c,G+t qJS- -Jo .rr+.)r$l ,_;LJi .t,r".. .t : (6_3) cJs;

I
-

..|

[13] )-+lt Jpi: irt-y e,G+t JSj .L .r-*,,lSlt ._il+li .t,r.. ..t : (7_3) Js.:



tJilJl
aa

$lrll
..#
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: +{-Ai 1-4

e:i*jll (&J re ^-iJ ijjyt rlil ii+j JF 4jJFj:-ll Jt"cYl LL-ilt l; JJ-;j.j
Lejrj+t i +jtl e-nlJ.rslr 4:,ilJJ_Lilj Lslr<lJl :L- q=il dlKr Lj)llt aJuJt ,tJ lJ

4l'r j eduijl El1l3 4r9-Jt E!t"Jl3 r;l3yl -rl;Jl ,,Je

: 4lJYl rlJajl 2-4

: '':'- \l L-2-4

'J $:il L]r 4+!,F!t JG- er5l L). t'rFc I dl)ljJJJ.j& a-tLll j esj-l
.l1i-j!)lr euir i!$a + aslrljlt i&LX ijLJsll rr:- +.! a_tll nt-F,u el_Fl

r+ . ;!.Sll &Lillr 4"ljrrjill JElrilr ejljj (2_q): e-a) .,r:t:+lt # C_r. t_s

. 1984 ijJ 5 fJ 4i!r,rjr ,.1*rr*x jiu- er5,rl --:aJl jl Jl _^itt etj,

.jrLncyl .jrrxJll ..r. jLj"-slt , LLjll _rrij :(1_4) J:r+

1984 ajJ 5 p] <,el-)Jr i.l-rjJr r_5r: (:-- JJ-j L,

2t.82 sio,

3.5s Al2O3

o/^c .- \, r: \,

o/^, ..- ,...1 \t

701.) erl: J.-j|l )

0.66-1.52

--:-

4.2 Fe2O3

62.32 CaO

2.1,3 Mco

2.48 So,

1.83 L.O.l

0.55 t.R

0.9 L.S.R

2.3 CrA

24.25 CzS
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e,j+icYl 1:,:rxJjrll ",1-. .11 Ljl.jrilt ..rt:.lt : (2 _4) rJ::+

: r'etjll eEjl 2-2-4

;.1-r' i+t+ ;;;rrtt ..r,e ._cr:-_, J.jp* !-a::yt CLL .J. e _F,Jl J-,,It erij_l
i !-;ri)l eL.r. e _;i"tt ,-!._,ll .lrLlr. (1.88mm) 16 # J:!;;1"3 p (70)

4i-rr.! &1!" :o: ( a-a) C- J:+lt # arjJl .J,-l."lt a:Jjj .rlJ .ttlJl iits

J6lj:il 4J,+rill i:L-Fill e+J 4jltilt eJjjt !.!!r";*; 19g4 ij.J 45 C_.r tjl_}..lr

j L.s ecul elSJJl 
-a,j.J|Slt 6\yt .e.jiu, ;eL;L!t3 \r-r.J jj-dt j! 4+!_!ill

4-!a -"i 4:-j .rgtt i*1+lt ,JLJslt rj!" d .f,t€_6nl , ",:-jsr .( 3-4 ) ij .l.,r::r

. :lcLjjvl: elj+ll

icrrll iL<J$ 4liliJl nt- clill .(3 _4) ct J.:_+

50.81

1,2.78 c4A F

1984 LJ 5 d_., a+l_,Jl 4j.-lft rjr,
4r+r 45 ;Jc & ) lJll'1,,)l dl..t itt (J.j

.tcl- 10 .ro )j' ) jl*ll eLLJI * i

&10.l')-rY
& /,je. 15 .p J. Y l.-rJ 3 J.,r l.u-;jYl LJIJi.

2 r r.- ^^ - -'-, .]P l.j.E z3 '9 J$ r eJ! 7 _)"*? l.Ll:j)l Lr[L

,rcr.ll !.)jrl

(%) .Ft-i"Yr

(%) 4+JSlr c\Yl "rr1*
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,'.-r11 d e'ir ..rl J.ll _L-Jl e r$l (4 _4) .Jr\

:O..iill rts.rJl 3-2-4

&tL $: a-n_ I-J.NI {:t!titt d !r.Ft Cti^ rr- e rst_Jl !r_:lr ajsll
c:LaFill -:r$r ( 9.5mm ) J.-F .J. 3JL.lrr 1984 tjJ 45 CJ a+l!t :; -lr.ij
eK:! a*>.sll C).Yl JJi*J ;eUt )t_e *.cr,! .Jj-il .,l+ 4+!jFJl jEtdlt re \&-tl
asjj.sill :.-L! ajLJiil l]iij 3-i {jL-FiI j+r+t . (5_4) CJ Jr\ll ; L"s j^iilt

. Jl.l:jYrJ 1ltill LjjA a-i

."iill itsjl !,r\:jJitl .:L- *iI .(5 -S) CJ Jr.i

1984 iiJ 45 .r; a_:l;Jl i-i*lll .:_er, 6JLJI arjJl ii*ill (iL) JiJlr r"Ln

100 100 9.5

90-100 95 4.75

85-100 93 2.36

75-100 79 1.18

60-79

12-40

0-10

o1 0.6

28 0.3

0 0.15

\..c'!r lJj-ll

(%) e-t^-;)t
(%).+Fl C)|"yr .rri*
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: liull 4_2_4

i 1';JJl. (chips) .{t:i_r Js-: *1. :F sllr L.LiJl r}JSl .iljl c_!ri!l
(Polyacelonitrile) Jlj+A-6t J,*ll .r. ++,_,, ;_.r:--+ 4,; sllr . (1_4) dis,_itl

ti*r r+lrYl .rr/l jr! )t::j |'jll (%10) 4,!-ti (Rayon) .r::Ul.J (%90) ,e_+

L 'r1. . "ll JlJlill .r.t:. j>t .Jl . [1l]J,,|:tr!t Lr:+ (carbonization) r+jtl
(6-4) Jr$r !." i.;r"

,',-1ll G3L.-r ..lt oljst -iql Lrl_* :(6 _5) LJ35

: eull 5-2'4

ljLJAll .:,uliil CJ-+ j rlli, tlJ .:)ll CLJ| ,Jgjcyl i.lLYl .1. ilr:jar e
. ...- rrl l-r j L,rr ,.ll

; Lr;S..*Jt crl Ltr ll 3-4

ai-.r.=--r .J*iJlJ -Ull elsjlJ irj-Jl .J. jbsjj a!: el\rl .t ,,,- jtl lrA r..i i
S 1ZS; ._rtS. JA .r*.t.! r-c: (0.6 - 0.5) J+ isrlJj:.;! . ,t A+;r 4:2:!
;q-+J ilslr oiA Jt cJlJsl .il.rl Jti.ll r .t;r,,slr .jut _rjil i_lJr jr.Jitj

' (o/o2 s ohLl;.-;'^+-

[ 18 ] ejLjill [11] eujll

('?i /r;s) a.itjsl

230-380 ( GPa ) a:_e;rtt g!"u-

1800-2600 ( MPa) r:Jl L;&
( %) r.sll ic 4luj-)l

(%) "=-bjr irl
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. cr*:lt .i:_rb: 6iuilt iq: a_a

;:' il')- 6- qnij ld;j\:ii .,r J. (1o0x1oo*100) rr+q liyJs.,.rl:p +++, e
-\:ljll .',rjll J_e *S:.i.:rUt (,lc etJijrr !l;.-ajyl LrrL.J, rjj, ery ,"r,ll .r^ Jisyl
l.r:)ljJJJ ijia ;x aj_eyl rlyJl ):L;sj djlrsj (mixer) *rUc' !)-i ;+$ dlrs:

JJVI 4"iL!l :.t[ll & | ub J]J\sll .jl+llj .,jj, eK-.r_r e, u ;LS-),e .grlrlc I

+ (J4: &j : :r- 4:2:j. !-4: jlrl<lt dut *L +.:,; y.i,lr-, (o+,+,x)

.;rJl Lllrll Jl ( w/c=O.qS) L-j. ,LJl -iLGt ej ,.r._: ;"1+ ,:": k-;+ 6^ rl;Jl ..!li
*L !_:L.ll L" l3l 4,iLJ3I i.tLlt &c J U 1r jrtlsr (g) !j_ll .L,,5'JI Ic JLSJ

Jl j!J)l i.iL.al .r..: : &,,. :J!r 4:2:1 ,'..-. d.: t^+- (%1),++ .llJLsl s!L{l

4r---! cLJl -i+:t J.,.!J+Sll !)=lL Llr br+: !:+ 4!lij tlts 93 \LiJl
.L q-rul .dljJl L.LF| iA:ll .rl"c +i:!lt .r,_]_r slul -!+till !r (w/c=0.55)

,,1' :.lljll J eit ilr .',i ^ e. (w/c=o.G),L i.r;, r^, - (%2) n++ jljtst .ill
C!- +_r F ;jlj{.ll -5-r.:iJl 

el:-:j-L etjdl jtcG .:Jtl jrEJJ ;fj:Jl-.]." i,jit J,Sj

# ajr,Fl ills.=;l 4tj- ,Lnl JJ:ft 6JtF LJr jL L"tc. -jut elsj_L._JUll
. (20!1, /I /4.!t 2qrc /D /13.r.) dJs lJt 3Jj Jl L"tc' e.(22_15 )

: + USr a-lj.Jl .J'i L &Jr J:r,_Jl -ijJ.tj n;Jc r € 
jLr-ill jc ._Jtj!tr (e j!

L"J, 28 !i..l irr-rll -.rLicyr rut *'3 .:J , ( $100 .}[L) 4JLr:ll J]. .JrJ_< ^ _ i

sl-Jsi l€jl. jJJslj \tJ ty t:J ,tJ.ell i;! Jqjl ejt"jll jrsJJ J !cJ+_t J.[,lJ
. 1!JJl ,jJg .:trJJl 4'.r-r .tl-i--b]yl LJUL

L"e 28 r! irr^rll t'Jtjcyl ,t!l j i:.d ( J" 100 Ji") i,t.JJl .r..Ll;,S. _.:
uJ3 \Js c!L:J LAr!J r:tj eJJ 5$,l$ll J,:rrl ejL"Jl JSJj J !cJ:!r Jr&l
(2-4) J(^ill !.) +r-jj!l ,:rJ,,:!Jlr or.r! i.LJt Jsll *3 "rr:" _-L .Jj!_,es
b-r a.!-)Jt rtt-> L:r Jt rJfil SSJ;J jt:cL i! !r. "+';., (250) ;;l;s;.+;.}r
;jlill orA cJrjs . 4jFl !3J :Lr!t i!J-r !U.;j)l LrrL llt-Fi Q+L .+')>r

.L"-r- \,rr ( 750: 500 ) jll sr.+Jjl
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# -F L")- (% r) iyrsl iUl i..*._r ( & 100 ."rL) :iLJsll .r jl+'s. - e

ijr:$ rlj.dl i, ;.x gjul cK_r: !.-*l Jrl-l t"Jt 2g r.}l. :jr:ltl ,,dl=rjcyl rul
. 4Jy-ll jjs nt+J"ll 4-cJ-J .tti,.:!yl LJIL sL-J-! rajl- ;!FtJ stJ

'Ul J .:J.r(%l) .llJrsll -!l-.lr q^,+.: ( eL t00._,"e) tuL;Jr ;..rLqs. _ r
\lJ e9;rJ el$lt .3-i. r,rrr e 

it jlt ;_SJj J ltcjlt J$,t L, 2g i_l _i,$Jt fJl_Ic')l
;rJ alj& <--,)r (250) ;JlJ, a+-+ [i..L JJS]JI J=t-f, .,,1+J{s JJ j c].;,J ta&r

l.u-5Yl LJIL il-J53 l€:!1- +Jst tar!::i-Ft ".Jl> isJr Jt rJ_il .sJjJ J+ru
.!r. q+;: ( 75Or 500 ) jlr rl+J.l rl,ill orA .)Js. 4ii Jt J$ .jLFl a!-)-J

d 3rd L.+- (% 2) ;..;p;tst .j!'lr i:..i,r ( & rOO "xU) 
tuu;:lr .1 .rl+,s- _ o

ejr s! eljill J.i, ;.:t EiL.rJl :rs>: !':."t cj$-l t"jl 2g;!, i,jl-rll drl+eyl ,LJt

.4JJJI j9 nl_,ll 4..J-J -Lt;-..::yt LJ!i^ c,L-F r6jl. +F,J r:rj

eL4l1 .,3 ni'.; (%2) irJlsl dlr L.,jrr ( + 100 .!i") a:L!r 3..rl+& _ J
rslj ej'j !:J el$lt !J.i irlr €rt"jll (]sJj j !.J+*yr,i,t LJ; 2g;! _i+hlt L,rLjc)t

i+L 6lJ !-* a+-: (250) 6Jl-a .qrr. ljiJL JJSr-lt dUd jJ J dJ!:r La.Ilr

Lc-j-J .tl.ij-aill Lji JJL-JS3 kL .+>l Lrrr i-i!t ;Jljs i,jr Jt rJ,il ljsJjj
. a;:- a+1 1 750: 500 ) .jj.ll .:l-+JJ lji.ill b$ ,:JjS , 4:,: -ll jiJ .rsFl

: 4$i''ll drl' J'i!l 5-4

; .LEnjYl LJEa o.ri 1-S-4

1983 et'l BS 1881 : Part 116 ;-i-lJF.ll .,,+j*: !U.:jyr Lrt!" _^i g-):l

.cjs (2000) 1*"1 Gs:,iL.riryl .--jtt i,sL a|]'j-L d!:J;jLJilt .:t-s- + [14]

. .,::& ictl Llr* LJi; r'lre Js jjjlsr (2_4) J(j,I j i-;jJ ; +

: &,hdl o€r! 2-5-4

q.;g .;tS ',t-[15] ASTM C143-01 4:S:j.yl ii-llr .s]d J^il l$ g-Fl

. ,J. 25 rj:-r .r,>yl !:rtLLltJ LElt : Lti J_"Ldl
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: d-ll r.!.-!

al=-r1; .r-j airt eE rlriiL JS_, .;c ijLll C-3 e+,-,.l:_ *!;_.r* ",1. 
t! ,,.r..1

Jl: ,-r jsrJl rAj a5!. arllr 3_r:--r a-r_r- (25) it} r $ (16) "rL! G,r,-,,!.._.
ta:r j .-r-: r -s1j,=1 

.,.tcyt Jt .Lr Jt Cl:.r-!t L-c i!_t:r,,,\Ell CL- 4+rj r+
. -orLlr il._rJ,, J€sl' J A+I --tr r:

: 4SJ,.ll dJg (rl+j^ll u4ri 3-5-4

.-.* (3-4) JSJI j L"s r+_r ,-j:dt .:-,qdl jq+ ilsi-L !r ill 1tJ+l i
!_.'€ .:JL;!,il\t r+ -^nt r$J.[16](ASTMC597_02) ,!Sr]yl i.i,.lr.ll

Jl r+J i,F , kllill .r.j !i_!,j +J !j:_Jl ,^.rll J)r9:J alr" .jj -t+:...r.
U L:>Jl -6lFJ iJ,Jjiall i:LJt +iliS.jc, -,,!,,t- i-s J)L,3L-aJl LJ-

: [ 17 ] ;Yl el1i1 Y ajLfJl J'+- .J.i i, ilr ln ib'i+ r

. !i_;x :jLjstl Lru- i.J _i

.fuL,..X ;iJrJl >-L .J-F --
. ;iL sll JjLsj J! _J,

.J.;--:! ajLJJl LJIL e+ tr! a+l-x _.:

. 4,L sl, ij.t j,.s rLr _:

.;jLrijt JI L .r l,.rsj _-

. ajL}.ll 6rFillJ j i-,:ll -ir ,.i<l _a

. J-.tt 
-4!JL

rr uorJ' €.}- .r^! .ri l16J( ASTM C597-03) +ls_p.yr ti-rll .r^jc'r

: *.! t"s r 4,'j ..--Jl

. n+!' .;c Jrls)r '+ _r-s ;kJl e^ ji.dl i)-Lll c F c. JkJl Ll ^ + _i

. (-)J*i, .rr*" t'r) €+ (Path Length) .rJL:+rl l.A !..j lit iitJl J$ & _=

eu JL-i)l iA .Jl-.: i:-lt *J' Receiver !lliJtr Transmitter J-_xjt 6;;-, _o
q++r J' l5;rr F';Fr' r+ i.r5i-l d.!,ll gL_r J+ii_."tt, &!t .'5=!- ..)#

. "J,ul .]lJt rl !rJ-\ll
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':rJ rcijirr -:i!.,* C-!' rr , !a a+Jr clc J$iJlJ J_!l C.., i_ _.

. _r,- t .lr \, J+'t .,J] e,l-:lll .:.s!JLj

e:- \V)s j,lj!.lr l Fll J)i: .:JL;JI ._,!>l (T) Jlill j4 ,r* Crt jA _e

' ill.ou:! {Jrr.jlr C€J- LAJ arL;a

v = L/ | Km/sec ---_-__--__-( 1)

t,,- oo.sj l ) I ---------------lz)

: Ul Cls

(p) -ruJt ct::' = I

(u) ,.+dr Jull .rrJ = T

:[18] CuiJtgl .il+lt gljg]l rt,^ 4+JL 6-4

: l--- %1 ;*"j

Wt of fiber % = vf +dflvm+dm

=1900*0.01/0.99*2300

=0.0083*100%

=0.83

0.83/w=100/1000

W=8.3 gm
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Wt of fiber % = vf *df/vm*dm

=1900*0.02l0.98*2300

=o,017;rtooo/6 =1,7

t.7lw=IOO/rOOO

W=17 gm

: r-^i- % 24#j

: ol ,":-

. ( te / es ) r-it4Jll i.il,3s ; 91

. ( te / ns ; irrsrr ;-Lli,lr && :Dm

. 13p; i_igVt ,+- ;y1

. (3e ) 4ju-*tr lltiJr ,+- ;y6

.If f1 ;rgi"l' O.rr._rtslt lil-Jr (1-4) Jr"
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esitrJljll oa:ilt 4iru (2-4)ds"itl

.:J".r !l dje cJ-. r,.J o*L:6 jt{+ (3-4) ds*tl



u#4tAJl

k:.'iltj^ rdt:ill



: +{-.j 1-5 
-!-)+l9' Jr- JSJ J;- J_ k+r .-L- tl ,i.iI .:L'iji'yr ,Al ,!ilr t) J4:

. t += %(2 r 1) ;)+++ .il-ill $le 4lrr\r ( lil_Jl Jr+) 4:,+_F tili- 
e 

jL^jt

i" 750

2.5

6

i

e' 500 a l)u
J:J":ll 6jlJ: LJr

ilill tJJ

8

l0

l5 18.5 Jll ..r:l

l8 19 ,rr;is -tL"Jt %1

12 r 8.5 20.5 ;e;lS j!,.J| %2

(6/ is) 4Jrr.lr jj c.t+!t ,-..i e.r! : ( g -5 ) Jrr+

e'750 .'500 -')(n
rFFl iJlJ- i:Jr

il.lill tJJ

2.9 2.96 3.5 Gl+ll ..,r_*

Jr.Js illl %1
2.98 3.1 3.5 3.8

3.1 J.J 4 ;e;rs jljt %2



: e.jljjll i,.t!U,a 3-5

ij,,Jl J t"Ji 28 _s; i,,SJt 4=,jLJJl ejt-"jjl !U_:j)l LJU. !E* etij s {rjl
(Room Temperature) iill ;)r-)s {>__rl [A ri .-r ( 7 -S ) &\ll \.3 k+ilj
il.Lx 'z&/ -t+ ( 1s.5 )!F!u..:i)l Lr[L.:rlrjl i+, urpjsll .-ii]l a-iL;t ic,

( 20.5 ) -,.rrrlSl .-St % (r) *L +:Hl a-tr:x,,,L /.ir+ ( 19 )Jl 4r,+J"ll

r.-:J;.iL;)l \$j;rLj ic J-sjll rlrjt j+, % (2) .L +JUr i.tfiX , iL/ !jr9
:A :\ll !::'.r [18] ( Balling ) :Flt i;,rl! ,,, :ry rjlt r + C,"Jl rrll
tjl:ll Jsllj Jl dli rJ,rJ ljrJlsll -il,ll J- 6++J ;.)J\ .]li_tJ. .LL!r !L,js)

.lS,In JIil alAJ ijLJill .\<JA e- JlJISll

LrtL iL ej'J,ll .:+ . !F 4+Jr (250,500,750) rJlr- irlrjt ejLdtr (r:f
G..: lgQ 3-)1,p \_.r:l l{--t_* j, jss .Jl rlsr y :!.! 6)lrjl e:L"Jl a-iK !l;.;jl
;+ji i;rtrj Jc . asJ:ll .rA !o :A.lt J a+Ut ajiJlsll at<Jt . i! rrlj..+.+ alJ_
;jLg !U-5Yl Ljj; JU ait"rlt J)l:.r. !,,i !:- i+;r 500 Jl ,r"jl'jJ sJrJ-

'* / ;ic (8) 4t +-,Jl a!t;x !t;-.:;yl Lrri- jl Jl-:ll c!+.,!l ,., ,;.,r .,3 .,gL..,,
.', ^iril %1 taJt$.:,!s i,-.jr jJiJLSll -iL,ll ,-,1, orjL|ll 4,iLJAll e:t"j! 4jl ars G!

i* L..ir jlJlsl .!LJl (Jlc' 4rrul 4+LJJI 
e 

jl"-i! 4jl 
"]= 

j ,$ / _il,.., (10) Jl
'* / l* (12) ,;r .;!:jr %2 tarr$.

4.JtL uL eit"Jl J).! J" !.! !:- o-r.).,750 Jl J,-J"::ll rJtF LJr;rLj .rlc

i--!l a!L! -tr: ^rvr LlL .)l JtiJl J[! Gtd .-. :;ril i ultliit i.ils !u-:i)t
+":- 4-+ JJ,iJtSll .jllt .t, o.:rUlr 4rLJ,:ll e:L"jjt 4jl .J+. !'r 

,* I ,l* (Z.S)
li1ill ('lc 4rrlsll tu" LJJI e iL.i! 4jr Jr. ; ,& / rJ} (6) Jl .", :iin %1 bJtlh.

!f.: 9 cl.l! ..q-_, ,& / J$ (7) Jr ,", .l;rrr o/o2 \^ )ts; ir-.,- 4+_+ jlrrsl
J v-+,tl J<rJl !i,e crJl .lSjJt ; *jS J.l .irr= .jl\r ij_ LJl i_eJiSt ,:lS'rL
.iull %1 .j' ,,rrtlr c,l-!.lt .J3 J:E jJsJ LJtiJL J:u:j)r !-)rj r.!r , jjLJAll

. (1_5)$llJ;-y, uyJs jgl %2*t 4:rL:tl crruilt j&.Er ..rA_r.j}_rls

k! -l (8 -5 ) Jrrill !-) .rtr.lt .x +J.X l:*r. aji:Jt jJ s1+!l €J- r:n.:
..1'J^]l ic.J- irtljJ:dEst ;rtrj sjn .tl.i_;jyl Lj.i^ r\j jl ,,!- !r: rryl arJlij
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6J:ill Jr$i sijlJ J drtj+ilt &liii" J i.iljsll tuliJi ..u.Fl Glllt clAL LrS 4$Ft ,-!J
.iul i-iL:l ulr CrEjll c! ,6l;l . dAll Dra i!J* 6.j+jj 4+Jrlt JLJ LlUt ilrjll
dri ci:. JJl ;-c'J- crrhjl ,,r- tu- jJl JJ! clL. !l tlJd rjr-j,Jc cJ-.1 Jj+rstl

*b 1r.j-lr ;l.lill ll /es (3.8) Jt .j'rjt Or+ 4+,+rll il.l:X rj / rs(3.5) O" i_.,1- r"Jl
iJr-F as.Jr,J Lrris.jul %2,.J' !j-lr il.lix rl /S (4) Jl uJJ.js GtJr %1
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