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..BJ-,e c^rt- .r-5l crrr'." a'irSl;l.- rly aJcil: '-i -!-!

6O- 6'7Vo (CaO) doi

7'7 -25Vo (sio2) ,*-L.'-

3- 8Vo (A1z O:) ;a,jl

0.5-6Vo (Fez oa) ;r"i J;t

0.7 - 4Vo (MeO) ., ',-- -t-il

0.2- 7.3% (Alkalis) d-W 13lsr:-.5l

1- 3% (Szo) c,6:-

cr-l .)J;,r/ *J ,b t oL*- .-r--o.:"!5L:s .)-ol Cl;zl ol-t'o + .-Jy ..1k= i-t''*'

**'.r f S--! .r*5l -r^ bi -.,: a5 lsr.r' Jb yi 6 tLa;;l f-y" ! b c'!5;

:) -r- g

CaO=C SiO2=S Al2O3 = [  Fe2O3 = P

..t,-A)c/ oLl! H ! j; b . (d3i-"tJ+ 61,o1.1513 o):L'' ;'>

c.,-s4 C *L rrL=.- ".r-4.:"!5L:s ")'al ot S; '3y C:Lo:;l f-)b ;l o:G:-l L
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3CaO, SiO2 = CsS cr$ f=-154-

2Cao, SiOz = c2s crL{.- ,*--I5.rr

3Cao, Al2o3 = C:e .iL*-li f-Jsr.-,

4CaO, AlzOs , FezO: - C4AF c..,j t-ji ,*lS )V<
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1- hydration reactions

2- flash setting
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C3 A+ 26tI (water) + 3CSH 2(rypsum) - C sa,3CSH32 (ettringite)

c,-e rd ,;g 15 e-.c t 6 :s.../:Ql r.r L3- 61,oc1: ;-9: a, 6lr,-Y ettringite J:<-.:J t

Qr./s: u:SlJJ o-l jJl-L-Lbettringite t. i l .-" j lJa.rt;cfcra,t.r.-b-r*"er.5l_t

3s;ul

Ca A + 10H + CSHz * Ca ACSHTz (monosulphate)

,;o5+1 s,tY u+-lsl-|, Jjrr-, l-ui c.j-, a., 
Ur- J-.*- 6c-"..-l g-1.: ,,o1-l -rl -r-.:

:.-; -b ts l: -f-s or; orL u*SlJ Jli g oJ, u;:SlJ J, 6E o., .:,lKu,

C3A + 6H msu3 Q AFI6

oL* " r"; c-3G" ;r .rS-ul C+- J:' Sg -t|g LJ S>L:J|.r.c, ._,i L eA .,,f 13

y_*:_*"i Lo.:ldr,-.- JIJ st dc"..-l d.,,-l qA o_,!t, f{, a:(: .r;l: J_r--:; c;*--,;l .r*,

1.: a5 c.^- | a./_l C3A r-.-.J c,J.rit r: iii jl+.o -l- ,l .r,_l-.; ct L..., ,, oi rl.U, _, c.^.- I

-syi cl dj*-ti b ts:-$.:.;-- 6l': j *Su, ,1-.- yi 3lK ol3,-c a., rtL..- c;q f Kja

,:-.-^-.al 4fu, gSblr laF lj 6--l :(c:s J c zs) g..,,K 6l,a*tKJ_,, uS|j (l

OL: " .Jj c.;.,, r.€. c.-.3Ur.1.: l, fe_- Cr_r..-t a--tScrt<J*- c5l+bJ+ lrr; ,-u:...a

. -Lr; l)

pb;l .i-ul; r: cr;Lb'k; r-r::-.,o ,a a,Li .:t{= " sr _2^ 612..1_x..,b_r+ 6Lor]5ly

,K--: .;-Slj;l;Jl-r.,i Lcrs -r!; .t:Lu" J.?V ,=,lS t:-SJ_l !f;lrL j u*Slj

:c-...,,1

2C3 S+ 6H (water) -+ C: Sz H: (Calcium silicate hydrate) + 3CH (C-acium hydroxicle)

o$ r.:i...,, -; Qjl c_-yLi" 3 o.r-! rL,_l SL.f :l d;la!,_.y., "LU fe._ u.:;SlJ A1l

E

ALY ;J Jr J or *3 " .;;J jLl )t )4 :,, j ,-t ls _t
\ ' -



gl 
U\l $r, b\--

: \Sre pla"l ar;Sc-,r.i L: J c^-,1 ca s lli cz s o5l: .:;ls or6-c J lJ dL...

JSrf 4-r S;:-S ag\.f ,t.r;I.: c-,.t;!: ,>-_9lj- ), 6r;4 f6...
ZCz S+ 4H (warer) -+ ca sz Hs (carcium silicate hydrate) + cH (carcium hydroxide)

r51 3.:;1.r, .,jl-rr= c^.-^t ,{-: gLar;:Sl3 ! +..--ta.;:;513.1_i .c+ ar uSlJ y

&-r" k;.r;l: .1L1" c.ujGu:> u^S ;U , S.f !,, u.S AUf ^S c"-,,l *3 u:-St.,- 
..:*,,1 dl":.* c;g ptK- ..trr, ,l3tK Ai

Cr AF+ 10H (water) + zClF. -+ C oAFHrz (Sulpho ferrit)

;) oJ-.i -rJi: 6l'f al3r," J dL:." oJj ,-...-,u r"^; c--eLi, st c3g c5l6ui5l3;b

JL=-" ,J-ot ":!5;;b o-".--Li" -\-y J_r-rr

C+ AF C : A czs C E S
iiiitiiiiii+:ijij,,riiiriiiu,iil

L-J:'
\-v

o.-.-i L-j;. ,.i51;.:.t*:

.  , . .
o-lLi )lj l 6LoJ5

. l  I
a-JJ I (:..U L!-, l) _fr. U

)Lj (P L-' J;'

I e

f }i .s ); U c i ./_l+ ,:*JLi" _,r,.',b

l "

-.



;. s3Jr*

JQ o,.t; c,;-,' f; &:fu '!t$L

.r:!,_+ ,lL:-" ,JJ,:-,!J+ "l-1r. or:.ottlUl y; ..:L gftr:

ttL=.., O_:.-b-t+ J-t " -t -Y 
JSi

l .-,-. !.-..- 
-.

fi+i#+#F++lililiiliillllirrii
( r )

\ \



. . \  - \  . \  . . r -  .  t
! ) '  7 ! q J \  q  ! r / . r r  . j '  L \ l s J

a, Loa:l: aJ-eG .-t:r;u" r:;,1 .-.,i;: JL=.- sgLocl: :,1:rSLjJ*;l o_4 d*"Gya (l )
c-"-oL j otrS ai;_).11"i L;::rai jtl-ocl.::L; 

C!^, .:;lr j<"".-.4J1.jL.' o1 ._,i.^-;

.-ut'l jLl ,)'- ctt_to , )S;cl

J<i J"Gii! J-, rrl. Ct cJLJiJ ,a; :J:r,{-\J;.)ld-, oeL-,1 \"} (l )
(ettringite, .-L:.""-o l-oa:l: 

P :, 6;,F; JL;.: o_i,..,,!J+ il J*L :1r, .c-*l o:lr

csH)

dL:;L .)JlJ6 u^il3 c--jli- )j e".".t *f ,* :o:r,{_\J;.;l14)-tt q ()

y l, l.ocl: Ja J; 6L;t 4r;: )r J )J-.,6a "b f^ +. j a:rS J)l toclr ,.!_- r.: Jj

SVL-...-f : Ca AF d;Lac-.,lr.i+ -e ettrtngite, CSH J-Lt )1.- crb{^ JLj;L .J:5,..

,jl;;.: .c.""-l .r-: -J,rt- ,lV c,-:li.z\Va sjJ> 2s :o:rS-bjJ;-;l ,*, ju Jia (f )
31r,. 6ls" jt-- rr:-a ..:.--,1 .ri jdlr- d-,LJ+ dLj'L (,CSH crF* JllL J...<J.

,,'YU L a5,: .l,r:"^." Jl-r,;,_l ..r::.-"a Qil ,rT ,l 2-cSLnUi .rL .l! +5-r,11' J.�J q_J,

a>di J) : t) rf t.yrs al cl L1--, .:lr! b!. G):4:4l*,U ! t":., * -ri c.-; ,,r:3,

ci-a t-frs L. *u r::* .9 Lo ora- :3>3 .i^;1.: -l- lJ; )fs 6 i-+. *gr. 6Gori-

6|-aa.rit- L: +L_ +.1.)l i.r;a-.f.g .i-"_e a5:;1.: ass_tp )J_L1 tt_r}* J j*

.$Ji rJt_-. J J. J,-t- :lrt | ." cttK.,l -r- b ,,r__r,

J*Li c, L:-, oJj c.i., ra"; c ur;a-"; l-r",o utslj;l SlrJ-,r. rr 1: 6:3;.r, o -r,-r

,,uor) :lja L5rl-hi ( ettringite c,*J5_r*.53;J+ c5t^Jb"-_JtrcjJ:i, .:1j"" grt6crb ,:r.

ol-yo ot Jl- 69LoLJ .rl ..ui!.f a)_91 ,-i ;l a4;t^t;j ..lL rlL_9 "r:: .ilr.r"a .lL-._-

G0-7 p;^Si 1000 tr 100 ;r- l4i "5lxl j(capillary pores) r;:;,r.r ar;-lU-:, ar4-JAg;LaoJj-

l4i o5'r ' ' :r l : : ,r; dt--:, oJ." '--^-,":.-o-:) 
i ,sf--,6r-o.r,c- ir iy.-9)\o.c--tnip;

\ Y



ir"..s3!e*

J; 6;tr.r; .c.,...1 7:;3i too bso J*Wi ojtJulJ (gel pores) -u-,b.r, J5 1g.l,,re- l,

r-!1f ,: rr 1"..-- oJ; c-;-^, r".; 6lt5*L- .:--3 G, rr ,'^S iV af .r::^..r S.+. jS 6;;t a.,

a--.t-j,, glao.'i'> r5l .-rrt-.^ ool_f ,y-l J) -r--,b U-*.61-tl> u*-s" 6G"j> a5J1-- r:

o$-u' or-9/l s.)bJ=^ J; ,*- y j otf Is- a"lrl .r:r"--lr-r+ J."e (-rjL .-,i a;;lrL "!',L:

o!)bJ=^ >t S(JU"' aS :s;,-l o:j ;e;i .)pd ;^S ue-y 6laorj- (: Lf y f J

.}.5o-r-..lr.r+')^t )s.JjL 4+-J, g9l-oo-*- 14.4Vo j Jj gg6,-e-uVo J,.Lt oJ;

887. jl ,;,.,. o-:"-"L.t+ aS:j_14 JLi-l bg:, rr_-,,Jp.Ktt J )s;rs; &"L $:et'

-xs Jr .rJL; 6Lol.a; :l S-&_t Lj ,Jj J +;' g;la"F; o3)\.c .r*:,[ .r.i; J".zl-

rSL^:L- c-.-l ;,K-" La.F rrl..:1lr gb l;c 6taor,c- a5:;lr.r3--3 erLl- .-r*: c.i".-

(entrained air) l;jiue 113.11 ,-l-- L,ati. 611;L.:!- :13, L.,-5;it^o aS x;1.6y_1

t* -.:; l-SI: ft;;tJ) 45-Li[ dF r.l_r" [-3 c"-.,150-200 pnVi rL-la5

b c...-l ;,K-, la;i .rl.ll j o:9. g3;7 b:1.- g,,,1 .(entrapped air) J.,loJ; :12",-l di.-lFli

;;) t-L,:-..s *-3' 6laorit-- :l -6:t _,!t l_r^ 651a0-i.- Ll s> ;t-l Jf .bJ. aa 
3 mm

6l;,=l ,+--*.5G.r1..t:l 12 J;j4 st..to-,;l: 6gl+Ji-)\. "litS rjlt Lrt 6J_J';si _e ct1!-n

:c-"-, I ol; o:ls ol,:; r.r L-,-- o.Li c.t+' J:,; o.t-.o5,-l.5i

,tt . "-; Olfl ,s:-*.glo"rl.ul -Y-Y 4.4

(10-7 mm) 
7:;.3i i*..- r., o;lJul .-ua: "i.(*:s 6l;l

z-a =i J-F-r
I . l J; a;G,ri'--
?n ,^-a Z O)

500 a-,-tS.c gtuo j>

300000 (30p m) O 1.,.-- cl:

500000 (50p m) lj^ .St^:t --

\ Y



s\ {9\ r $y, i\.*

aQ-' ,&t,rlr
:rl .ur!c *-3.f tlj ,yttrr3*'!,9,"-^, .5,1L.-" ,F-* ,flf e-ig<.

(fineness) ,t L"- d;_J (\

(setting time) uiloLlj (Y

(soundness) i t=- (fc-.- ;Li) .:-),- (\"

(strength) rt L.,..- c.-y U" (f

3 o-L^:; ;:1--,,. .:i ! ,-r"k e!-- lr*it Jh aL.:.6Lacl.r ,t3 ,+ :oQ O2: 0

, ;!..i Jl .glaa,l.: cf F & ! ,lt"-, tS1-: t)-o J.! .)3l -ralJr tef o_o-l:-r+

lf s-lj )t )-try .;q *;l.r.c,(specific 
surface) ep- C.- )1 .-$:. .>t;n

225m2 kgrl ;J.r,-b Jt"-- Sf oL.-. e-p r!--Ystz,tA""*..c."..-l JL..-

No.200 c(J111 c:12t95%3No.100 (150t m),5J1;l cJ!! l tJ")1.". Jr*-oL5.;:.1;L

112 ts j.. u.+t +.,f -S'-r.r3rrl l'tL=.- 6 j; ,:F dlJ ,-(Jl ;l o:Lc.-l .yS xsl j; ,*

No.zoo cfl | ;1 ;l;, obi t s Jn tr a(;,-|,,a : r;b :g3,K.ll rg lrfir "55 f lt^t-t r^

e-P *-'o"^-. SL: -t f*."-* 6G6s:-,1 .r-1 f! .t")rr* c."-..,) dJ .f)/.J.l
'.;l t::rL-c Lo-;_9; ;-l 7j:tl .:f e orl-c.,,1 Gcl:

(sedimentation) ,fulK?y.t ,iil (-1

,rili) iiLi -hs \ 'rlG JV 4, pt, r) c.,Li :t3i Lr;.- ^ht, jt ,.-tss ,r-l st

::J-i F J ty cl G;$,;lxl ,-rL".- elri L:- ';-Q c-,-e ,-, .:3; u" .:U: .,l (53:.."1

. s.,-^ j'_: c-,!! -t;L ,;.5 bra.- ctcr.,

(turbidimeter)f/y e.-arjl{olK:-,t 1l o.:Lb.l otq (-l

;:j-.- S--;l orU::-l U .:.c. "!-1.: -,: .;J* .iLi c*E1c dil U-l ;rASTMC115-79b JL

("1-,rr) ,S-:i J*,51;l ":l,c-l \ e:* s-y Lef )Ji Lr' 6aK ";l:ll bi ;l 62r.o ,i;

L

\ t



s...s3JF

d--.r Jr j o>9 ,l:22 "!u'. cr!: c^trl; (r-it F 6tf t? s,,o 2t 2.ti f )s- r.,/ t:*.

. U-:.-n r;y; .i!5

Lea & Nurse L.j or,-t, A:lJl lJa )Jn ,- :lli ois.t (_l

6$,,lt;i:rti c-..c_r.., ! ,lt^=-, t-,e jl ssf pt(^ c(*:; dlJ^rL:i;il ;y; g.,1;:

.c--l .,,,:-i.1i JL$ .:il -U! _,,f_-., J[- -,$ )^ L)y€

,t.lLea & Nurse Jst urt g)l-al dBtain ,jst (f -l

sot - j : s r  dL* - "J* :  r l  oJ ; . , - . J  L . .F tL : i ! l ; ^ ; l  
a / : ro :  J - l_ r ,_ /_ l  : )

r$ _r^ -l "t; 613 "rlt:l ,l[-J.". t* b\).{t-.f o.:-6tt c.;lF_ yp a,. JL-r7 ;,cr.-

.c..-^"1;;r, dL.-" I;t ;.:rf ltL;

.r:;Lcr"280 m2/rlE rtlrtntaio d_l-, \ J:* J:bJ dL.:- c97p slsiu

)t try -,41:;" cr!"{i .)J;,! tll;-,.i li dt"-, eJ:A4* Lrt;Jtlj (l

-9 r_2lr ci;-)L cJ l- ,.J L=-, r"; .4 b35 c, J. 6lJ rcrs Lr" -ri U ,:St, a.,. 
UJJ ll-.-

6Lo.;:513 jp: c:-*.1-1 .:;3i;.: Ar3UrS 6ts)-<; 11_1 i:i.:L; c,..--1 bJJ, bli6,

,/-S dl"j K:4J llt ;$ +;V J Up AV, *Su",p-S y, Af ):; ci.l:.*;

t gL cJt- j1 JUrl aLt +;l; r Up c^4;L J) 6 s:-li u, C-W J-S bt t s 4sl

.:;l-r,L-"| AA^ )b* cr:"i 41 .c-..-l J<.i ;r$ sG;:Ul oP),i::*,.c.-*l "r."L cJL

tJ,fLx...- -.,-i Jt; *Lal lL-,; ,)*. GUj aLaU 1l c.-.,1 c-,,Le ,)jl ;j Al,;nxz

,Jl-.j .--Ji d-,:-^ d1 .-t S ?J 1,, g;l.ri .".- ,b JIJ tt ljy e-JLL ,=.- aS ;L;

r* +S AlaL-J L; -riorrSCWl aL-J ae Gl"j A.el-o ,l c.-,1 c,,rt+, €-V ;;

O,;--- sl+,-t l;p.tK.:,_l..;i;:.-r5.*5! 6'i;aoJ; C,*d:L:i J)J_t: EjY c--lU,

t-5.+ qt+1{Vca| oli-3 olK:--:;l o.rLc^,l t?..Jt"-, -,:*- ^iJ; 4ij2 gjloJ; O=J-,S

.rL;.ri-Lrirr.-tiL.4 g5i;lJ,L-l J;3 d;Llr di a,.,).a. Ajs.- sggrjy.la",ti;: a5

I,r



c\ {S\r *r,iS

6 >y.d.:ts.-l (ra-;ittL*-,ot ,.ri ,1ljs c.-;) rrl.ub-l c-Lle \ ep- 3t n;

.t-5'*pla;l c,ti--r .tK,--: !t"-o;i o:U:.-l \ Afrtri_tji L rrl-uh-l c},b;,,-l ;".4.

cr-rL*.- a,, ,)J-i dLrl ;l u.-- aS c,,--l u'i ,t.l.U g;!l: :;llL-,,l c^Eb L r*"; nsrz ;1-t"

.Sl-.f fj! 9i rlr"- .-ui! a:^:lr ! 69l..r-.:, ,*r,-,Li,i JIJ:: lji .:-JU" n--E ,.;

"fil- ENV197-1:1992 :1ls[."] ;lL .c...-l lL"-" O;3 26-33% sjJ->.r;ls1:-,1 ,..;

-t-.t2 6l-arrltL.-l ;r .rr-ki J-S JUj,JlJ .$ti aijr 60 b45 ir* !_! 4_11 ,_/-S lU)

G-S Jt,j d-;lr a, jV au*;r .c...-l oJ^i:.t g*ri ,r-e rl.t;, ut-K--x'l J Lr,-UJ)l

lLj cx Slo\1: ;l J\gue cr;L; c....,.: 2: JI 6\.r--t -,i &b A Gr_ro ,s j cr5t-W

:c--^"1 tlS, Jt^.- 6L;;.r ta!La-, f I trs' 1: a5.:r5o:t-c^"1 ut-V :4:l ;-S

+.ii: ,--..^,.-- J d-V ,,,,.-^S bt, j =90+1.2x ("o*r :---- 1^ljl ;f at41

:;l"r,L-"I ,;\L.- ajKu-;l .JL=--, J-S Ol"j J. L*" e** -t-bt3 L: ..l,';

oJ^i g*r; 65% Lr:; ,--;p2 )tlt-- J20+ 20C 6Lr ,i_t";i L.v- 6I2ENV196-3:1987

,tL3..."r".-1r c- ^l ;,K.-; 6_, ;# A;r,;_b ,/.;J 4:l ""-5 l-o31-c.c,..,1

:c"-"1 .-'rj-h"b 6-t-or 13;3;

c^fp a, i,t^l;L -t- jl ";* l.JL=- t oJ-.i 4iL;lCa SO4JlrLJl .(false setting) ,,;tS;f

! ,f L" " .r:3="b-r+ ,t(- ,:i cpl;l )lJi" ,;K}St, or-: .--,lyi f fu :i rtrlr ,:.*,:;l

-r--"> du'r; ..--..-r ar -ft'-" g_4 {;-S .-td;" G_A. df J-<-:rr..r^: .4.-,i

.:y"/ ,:* )l !)\s i ,f-o +"1:1 L a5 r3*i r,

! ..ri -r"--U :J; ! c.".-l ;,(., rtL3";.: C3 A .r_17j c^l-e a.r .(flash setting) jf ;;

G)lJi- trL"...- ct.rrS,-,L-,i f fu co-1,-J1 ,.,-l :l A,6jz 6lrt ..xitl r9l;':l ;T ,y# =i

.*S Af*..ti c,-r-:, ,l ux;lj;r cJl--r t b -Lirr" dLrl Ji *. { 3..-

r:;j g-.- F-,F, *-V o.f j.r-1 oL.." ,"",; 
.Jt u,.(gV oLi) c->L* (f

jl f.."! 6tt_rS-t ass* ,ll *;.r lra; i-r,_i )_tr3 !,-ri;: "-- Lt;t t,-t;'Vr*;.

\ ( /



ir"..si$#.:

;r c.--,1 j.S"- ,f L=.- .:ry JL."b .-Li -L6lJt lJt=,r_"- iK-*:."| : u!-.V-- pt :*.

.0**.l5,.)llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllltJJ..,, J l_r*.g51 ,.:!i .<."i )J-J :11 rrr!a ^S *-i :r7.j t ,J-1, I? il

aS 6;tlsiu bT J 4$l,5ai a;!lr o:-S t),JL:- c.;"- 611 +i2 r\S !:lt, J\ 3t)i,Saf

t* o-: rl3-.0 .lr-J S:-- -. g5l5 ;rrtr- Jl U- .$1,. )J-./ e{-;6-r"..-l c.cl-o-r=.S! L

a1 co-L; 6s- S^i or-t .-ruL -r-rlr; "l! rl;i t* +;Vl.<$i.)J-:j f'l g-

^SFi a5c*:;l:4?.;, J,-li .Sgltr 14- u::.,-lSl o.t ;!.:;.:3 )J;(-/ cb.r+,S-t:3

""r5:t,Jtj .5.i ,r-lllj.J.-i -t6lt": .'-,i Jr;" "lLb ert:3*i dL;l .rLi,.lL" " t

lr.-1 c:rS 3.=';;-!^"-; a.,;q; t1 ;:lgu^-: b )lji.-fui tJ4J.tri,r, rJbJ+ ,J1""-

J.-t - l;"-o ,.i lr31---o t: d1^=- jf J:"-l:t+ rjl 1: a5calOH)z 3 CaO ,1. ef*;:

dLtr d-^'L $ljr/ t)sitl -,*{; ..i L c-ao J:]L

.,.:--9 ;5-"- .Jljcl

6 '; MeO ) q> q .'ar '--- l*ll

.r;j ,..rL=-" .l:3',

prY .:F lL;l rl;--l c.eLettringite js,:; t -slir/ =5j ;t-l tjTj:{otiJ.r,

;ll: :j;u" 43Vl li t JL*.-,trrS.-!.,,i lK^ { 3t-, 6)lJi* ef c-.^.-l S:sTt\ot

rjly'/ oS,u; ! 6-r-,;l .;:.l ;_ti )lr;" f | )s c>r 6;_). i_r"-"1:r+ -,: Ai ;i ; j

;: c^Le arr.o I ..t'^i -blJF c--,-t";!.: 1: -tl., .rl c-^eL GVI ,ltil. t: j;, e{ Ca a L

;1 b c.-."1 oJ; 3*.:oL"-" f o.I; dL;l 
{ S.-, 61J.r,6.:,.r.-c-il..;*" LglarrlJ,jb-",1

;F 6 r<]?,lLyd:y,'JLb

.L -t-; ;\jb::-t ;l .r": OL=-,-rr;,, fLL Ajq:ttQ J:s rJt-,E ua;x ,F&
.  ,  . 7  ,

! .tl g;|.-u g.r- rSbcr:, I c.^"1 gj) c.Lrr.r, !L:; ! :3,- r;l (JL .r:a b

:rl,r

t-?1 .JL"--, ,""; .;r-t-ri g,,_l ;r : EN 196-3 :1987 4\L-c (Le Chatelier) +tru_/ ,tt":i

-+ q +U .jr.t s> _s dJ -t|j +Li, ..1G "f--i:1r 3 oJ-.i +*6::r1sL^,1 ,:.t1;

t-

\v



;..siJF

1r c^.-1 ,<.*" ,!q-, ,-rr;r f Lb .J^i -talJ; oL=- J*"- li<,":.-l : ,$zrvl_ Ft ,*

.g*-15oUJr.^,, J (-p.qJli:!i ,S^i 'rr:rl.sr!r 6 4 tr, ! rLt'rr?il
aS 6rltL AI J ailvl.fui gtbb o;yS'r ctL.^, :-;.- 6\ 6t sS , llr" f I ::6i,Kai

,sL -. rl3-" o:r5,5;: i-r.rl.: :'rlr- lKl L_ r,.u! tyc/ #; At"-l 6b.r=Jl t

a-, cou.r-; &s-.<^i of ..sL .r-olr; .l! ,1;i t* + "pVl d.oi sr *:; f fl 3..-
^5Fi aSc-il: "-j.!-! .5.l\t*f?,.- u.--ltl c-,.r,;!.: )t J >tic/.JbJ+ d.ti
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J,eL- l;-'a .:lr_el--":: dQ- jf dy..bt+ j1 .,.: a5ca(oH)z 3 Cao c*. e#

..*a;K-"- L)Fd
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Jili,_'".S-r.;L: 6.t- ,l -;;+.bi ,lrL Jl )s ttys;j. J-r."b{^_,, aT ;i ;}
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.rg e;jz clL..- !:;r tLl:

.L *.r;-?);),t cr-t-" jl .r: o!..-,-r:3, y'Lb aje:,Jr*",o:g .JL.U o?-# ,Se

oa-;.-;; L ,ri c;1".J-; gr, cib.r:, U c^.-l gj! r.rar.r, ,:Lj.: ! :3; jl (Ju .r:a r;

l . :  l r
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C.l- | jl .r-,, .)'"- r-/ o.rl: rlrj zo {- 10 C sgL:;.: s 1T ,, c^-o' u._J, o.: -9 oJj o -Lr Ljy,r
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..r-iL lomm rl *!: *_l* ol.-r. ;,_l ;.: ta +i; ;,
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Lt '41 .:j;u+.:6i dais 
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J) 6$.t.;L "4W tl-Jfe' t-L;,)L.,- o-L; c,i.,, ,..- c.^.j\i.:Ol4?- d,-."Jl;] (f

! dL=-. t*; "!a^'.a Jl:='o< i-,f : oL=- cr)t-" c-,-o-gU" .c-.-1 ;L :1-;* ojL^'

,clf ,s-sl/J-r. O,-l ss b:+ J-r.rrl, ;Kt^"..t^utKt-':F dly;3 Locl-lK:--

a..-1" .ttf u" J j--- Locl.r(... ,jb' c:;l-t L-,1 a--L ;1 o:[.c-l L c-..-l ]t: )t;, JL-^*"

o$;rlrl6./Qd.SJl;1 . 'ri.raL;a5c-.-,1 oU-<,-L-ra >\-)L. 14lStLrclr6!l::; l.tb.*1

!ot .- 3 +-L c,)L ;l g-Laa:t; ic.-o3Li.o *-U:i 6ly. .xl- u" "/! No-so &l 6u s

_1p ":G:...-l ssja cJiy;tua a;;l.t$;, a:;L u.1- \tf d-...t 45 ,7e 4;Lac,*;

6* c,- jZ-u r g.;:..-.o r-:5 c--lLL :1I .r:;,Lr,:-3t-i, 6 l,tr;-L;i aJl . -\ ; r/

3 J lL:.,, Gjs e".-* 1 bj.;'! cl,J J<; t .:::;t3]5i,f'
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c..*;1 -tjb,-. t+o x40 x160mm :t-l a, .r!t*.- .-..,-C .glo+:r,-: 6ss ,s*- ri-tji

fli:Jl oL=- ojy0.485 o;1-r:l a,.rirlra"3 rrl.uL^"| a.-,1" ,Sjs c,^--32.75 JJU:- ;jJ

rf'--l J:y Jfu" c^L q'!-.,1 lrrJ tJ,.g-,ue gE;l crt.tu a.,. u:;'-l'1;i jt 4-l ojjs'l .)J-'/

tr'Ut-.-o Loo;L-, ,fl)"6Ur'-t-.- u^S *, d;bl: J-eL- 4ls etr- )\.,tS":tS
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)j-e f 
qJt ,Jq.- a.-,L.:)\-"151-6a:J."j gi1;4;;V3 c-jl-i, *-U:i
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3-LSLI:;l-i-,[.-l s> .ssirs- fl+Jl OL=-, bjs:4:..0.4S5 ,--i dj-l j )Jl-sL-l +-L
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(c<,-l).rj-:5 .jJ*;

[\-"-\
| 25.4mm Ir /
'  
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25.4mm
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! :i -,, -r,-! .+-L;i _.,_rJ b J o-r-; ;! :JC _;l r: * y!_.-n ;_:,r-r L ;t c^_ot- u ;l u.--
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*; 45 JJ^.-- ,:;.'.61o�;15 6lJ dt"- ;,,-l .(TypeI LO?C) c"Jr*,uJrt Jt.=, (

-r CsS/CzS c., ";. a:; j5 a.a ) a,r )JJ> )l .ts:r-/ -,15 t -ui tf :ja j, L".-; r Lo c-, f,cJr.-,

c--,jli,.- j o)j;28 c.^,JlL" 4?...ij J) .c*.1 a:iL- "-:,_ltl ,FJt*, U-l 6,) c.,+?d

,jb qt=-* c-.11-c-. s: u-.,-l;-sl .c.^.-l o.u ;;,-;r. t.t-1"^"L{^ a;l,r S 4st gld1-s_t

ol**" rLo L,i. t lu c.-_9G" Sl Slt Alg u" ;-tj,+ r:;1.: ;;r, Ltr;l 
ap i 6)5-._:-?

;i ciLo:y;l5 Lraa )) JnU rr^ * 4-l ..i; -b-,: yYlr lL=^. t .:i .*; J -/cr*,-1,

;tV. \rs f l: ;)t5.*:t .e pl3: 6ly. c-^-.1 oS.-"- J, Jui;li .l1c"

lK,-r-i;: r! ,.rJ:l 6lJ JL:.- ;r_l .(Typeln 6 modified cenenr) rclj 7bl Jt-:. (

) j.- Lr' o:;L.- F Lrrr-:S;l tsap s3 aisl : c.--,1 o.u a3lrl 6;t-s-- 6GrK 6111

a,Li rtl r:.-"3 t-i.c ,-^-5.'-.-cr.- 
):;tJf f uU=,r.i[" d L=- gr,l ,_l;*-f 'r=a .:rlr._

o_i+^"L't+ c.'2lr- aS tj;€ Vi 6:t|s"t: .lQ* g.,-l ;l orL,r*l .c*.1 l;,.-- ctL*_

.- l -k rt_r" k,6r JU:: L""yr,.- "3G, , 6"t *
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.rF lE:"ly'13r- c--ilL.-Jlt c...-l .;+ 100 m27kg ry-r.- r-ri 6n Js c.^..-l )r."--
ojj-228 c.-jlL- Jt Jt .-- *f_ !L*-.-^" ,l rz4,4sl .3t^jst,.: ,)L...- grl r:-.31-cr

c*L-e a-11 tr-.- 6\,s ra:;Lr;4 C+ :jl -rsJ!; dL:.- O,,l :y;15:113.,.c...,1 ..ti a,Li

:-e, j\-h.al .c.,-.-1 6tjr; taf l; 6r .'lr_5_,! 6 uul,,^3 i(.;:* d,,"-b4^ c,Jl,F

.r L..." ,.:.cr.- rt L"-a L o.r,r; c.;.." )Jj JL"...tyj "L:;l b:y. j:;j ! -r,-l+ ,r -U:; c^;._

":'_l;l 6.;:* c-,er..- L c-3tc" a5 c...- | A-r, A_l 1l Lr,. J b)ur' 4:l ,r -S y Jr-.-

.-LL -""

)lJi- AS Jt^Sq S JIL t.:.-^"1 ;L:.".(Type IV ! I-HPC) u->rlr.> ,,!da{;)e (

c-.ytL.--J(J:JJL"....-;r_i !,*-tr{^ ctjr-.r--lo.t; o._;l.r(C g.",_!,ti1.:;;ca a
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,;--l 6:-:"\r,..'- .,4rt c.- j\}-.;: Cr A r3J o1r.+ di;a .'l;l: ;b u.i51; o-l :) :*

;S * 6>21j" t) J1^.- ,r-1 .c.'-1 Jt .- -ti!,; !L:'- jl ;^:* 3om2&g ':3J'- ;': t'rL-'-

.I;L J,..l^i 1".-.";.: La crtJ-;"- ]; oS ;ilu"

J AG S^i) t* u- o"{r dr"i o-.r-! d:l .:1;* ;l a5;L* ' :'t"';" da2 t*' ('

J-lr, ,-! Jtli tl oL.*, .-xl c;L;: .t-r i*E1lt."i ,ii 1) ca AF rlrL ti (Jil5

c-.^* J: c-^.-l )r '- r-rL"-.., ";[:l ^'.\"-P,]L=- ,r-l .:."3G,. .tJJ ,S-*<-)z -!-! !,

a-t un 6l-r;t5q15i ,rrt Kt,L 61-o6;t5L; st Jliue oL*' .r-l ;1 ...:"--1 ;tJ'oi
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...ri.:.".-91i." -J *'- a5c^.^,1 ;Q.(SRHPC) 
Y ,gj**; oi3-l c>+. ,, aL\*,(

.Sl.u- j! :-r-.r. )Li -,t-{ {31 c.-31i" 6 ,tc/;lS a' ag>y\j,,-;r 3 c^-"1 )Li Jq.l

U )y c./ J-eV7oo 
-900m2 /kg r-9.t-- fJ ,f L=- tS j: si'-l;l ! :t-.,1 +J3l ..:-yl-e, r,Y3,".'.,

J-r .-r-:! Jr,".^" oLy 11;!! J1! ;; !i { .<.-' Jlr;" oL# u-l G}-: t-r:3r )L c-le

+.lyl s5tor5l1 2: bT Cb lf: cu -r-olj; oL1* o:3,, f Lb e.rt 6pvl d ,<'-. J'-l

:-gj rJ r15 ol; ,-;::. ,l l_y.r" oL" " g4l :y;15 r;13, jl ..t -"-, Sslj; es t"a. t O*-L-t+

.t: lb l: C,f Glr:"n cJta-,15; dti flfu

sgla"yS "sLr...- ;::f LtJ;,,.-,,! !L=..-" ,-.y.,-1 (PBFC)o.5; tt3 6-^i ,rqr,-,, Jt"z . 0

b.rJ-9 rc..-150:50 );,.,-" -t>{:;l c*; .J-,-i.r." o*": *. J:".- Srl .,L".- L.6;lK;r-"i

-bbbbbbbbbbbbbbbb� ;l .,-...1 cr-i !, cttao;J,(;r 412 Jt a-- &- .-,!f .c^^"1 ;L" ,; o;Lr'- 65%

jt"?.- 6J-Lh-t*.S| JL-o G--ru-ji J.r:!- c5(,oi;l c."--t ",bt:.'' "r!f ..'-L*i

clUl.j u'-la: +-. or!r- .,Ji L .)J1€L" g;tac.*; ! J: .-t-rr-. J=<:; L -ubr:

J*; e-V 6l^JtS-- f.: y g*Js-r**fyr-t 4 .:.,r3L.crr J: r;1: .rS..ul .r(J3r.r..r

--*S,reJ.- J dJ:-"b+ crtlf oL=.- U-l )J-',,-/jJLi ,JJ,.-" rJLi.- dJ':,b.r+ j j

L o-u:; a:;L ,?. ojbT j3 c-."jW .:.21: )3 .- *r+ Jk -, ,1 + rS,tr*-L.c-yLL

"-,!f L: oJ; a:;L ;l .c.--,1 J-.- IJJJ iL:.- L o.L; a:tL ;; rl ;5,f L=- ;,al

3-5Vo tJJ--)rr:^,otS;r,-l .r;1:,_rJ3,..^"dr.1 t+ Lgi"S,-ti tj!;.- u'-ltSS'-612.
- l

3a ,;tjl ,)^o 3r J,-L ri^..,1 cett tf s 1 a*ll-, rl;l .(,ol J orL..r- 3- u:Slj i3z

4- Sulphate Resisting Portland Cement

5- Portland Blast Furnace Cement
Y (
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6;j...,,t gKro tj, u!sS.:;;| b -r'-i "!^'c "., 6rL; c'i: JL"-";',-l I o-u:; a:;L

:: .r1L;.: {-51A";L.,' :t : # Clss s g*: 66e7:;r:'. ; ;-tli u" 'Jt.": ' O/-l il ':-s'-

.lr5orU:.-l Loc-.,lJr,- J.lj, ,zL o-.ii-c c.J-" a, LotK--l

cr6:- 10-1.5% | ir^i "t!f 8o-85V' a>f ,-,!'i;1 tlt-*- gl :,>t;'lr- ',- Sq-' (

cll .t).1r:^^,r 4r ,)t--, A:y-alu*sn )3J> y (c;s- { S"-' u)J'c !) (#

"rE-,l j,El,L-- urn ,t-l * i 4; aj:$; c(^3-,ll:y't L-l:i-', -!-1i oL*--

;1;+.: .:J-e a' J t;d;lj ort-o:--,l ))J' a;\i-l 6-;! r, 
,l;-r.o 

..lL"'" .r-1 'Jti -blJ;

y L;: 9i "!fu -,, ,lt^..--- ir--l )J;o* -rJ3r Lor-SJl2: r62ls-4K:: 'rJ-l .ltr

azlr- .c-'."-l lsli' GePs-tJ liJ*-l .!6 -,, d,113..s 3 51-;: l+UJ-:- g;!t d;t6j5r'i

.>;50:Lo:.-l oi;l a.3.- CG,Sl-t,t 2: i:\iu" "r-lf! -l c---l ;*-L-..1[..- .l-l o-*-L-l+

t: dL:- g.,-l ;l .:U:.-l .-r,i -r.oly; .rgt,tl" * 
',si c.-j|e.'=S *r.- tr.- 4;19 p )s

$-l;q iq k,UJ-r f* .?: oz Jl r:---l '-*'L- .r3Ji d;1451-- )Jq.. 6\^:SJ)J-.

.c*-l ,:JobJ J-e bt "-.;l i-ri c--3G"

a.., r-.".rL,.o oi-:jl 6,- ! r,l* ..1L..- tllr5-b-iU*";l oL"-" .r-l :,5!ile 6bJL"*. (l '

.J-:t JELj att c !..,*J..,, ,Sbl, aS uc j;'a"\ t-+ i'-"-l g;lo:L oi-lj:i '-rr-i.rr .:''r':

c>2jV^;) -9 oJ-! ))-f.a)ta t J: i,:.-l .,S-ljl jt -" c- -,"-,cV,5lrl: ;-ki ol r.li;j*

)tzs a-l: GV-t 3 o:1r gl--il u:SlJ 65:b 65LoLr 1r g-*JS't*53-,l.t ! '-:L'

r;L-:-.r;:;i ;-*SV il1"..-4 "rf*.-t!;i-i+ rl3'.;l 'c*,1 i4 c^=aV 612,r oS 4ji u'

6 >L r:3 V \,3'-. JV ; ;-*S l; *e j;"a- 6 t-a clY-e;31 ; | -9 G y, rs, -t r(\ 3:'-1 -,* t

aic-"...| &--SV;c;j. '\G21,13i*6.J\zJJ*^".i-6rt;-51--..:ygb!(flvash)

J )yL/ y'r-".-t Fti.-lJt<Jl ,ys:! 1500-2000oc 13Lr;.: J.-:-:." .<--,JLi; ry:;l

o-r:-,b-r+ crzl1- 6\l>;!t* ol-.", .r:.^--l 15-50vo )3*-" iL*- q Ji !yj;l c.?;

Y L



;1..s3!6

,-rl c-o-,li.o ;J i--c"--* J: r;5 ":tc.-l p=+.- JLoS;;..i;: di jl ilji.s" 3 i..- I a.y_L

.,-,_l .:J -t^\J- ir*q al o;jt23 j o)j27 .:^.;G" ^S 6)_P tu cr-.--.| Jr-.- oL."."" ,l ,:J

,l-o ! or:: Lr*a^s .c.^..,,1 fJli,a 
, k-; ctl6.J",.^,1; y 1.lc-.,I-cJr-- ,1.:b,,, dJ-- b'd1,*-

.-u:! J:* ..rL".- jl i G\* r,-! Jt"-, .li ;r ..,.1 ;l c-41r, j issrji

Jr."rl L ..rl 1l ..glo-t-"-c .- , I +5:jL;:.-rl3;r" iL=- ;,,-l pN ;l:;-jJir, .:L:- (t !

b1s% L-S,^T b40v" .J:,jT L ,Jt..-, 6,.1+avo i3,.*, ..:*,1 orlr "f*Sl*r (p_f.."Ji +-Sf;

a:-31 tS *. p1--:1;* .$r.r, J-fuJ,;", \5Vo s1J-> -9 (Fe2 03, F"O) :*i 6La.r-Jl

:-*j\i-,.o; &2o1-.,is" ,Jl*a." g'-l aLa;*;l .-u^i!"f c,a-Sg J -5-i S.--iJ .-

-,1= "1 c-;;;LL :-J3 d-l*+ J.lst tll.;r c--3U, llt ol-,bJ+ orlr.- c:[ aJ31

g,-l .:y;t5:11y* ..1,-i"r" c.^.""r a-, aJyl c^aL 24;.1 oL=.- g,l .;",9G.. 80% .sy lb l, Cf

f)t: s> c*"3G-- ,ef J :;s, S4=i r ;-t 6Lo1l5 gr.- crlr"-,,-; :rl .);;1l-e oL1-

.L.t* s,_;!^"- .!- 1_1c cL: ,-,lrr"5. y.lr.'.;: eu3 Gr r1600-18000C c.,J L-'

#J;:" e.JJo 1 ct11;." ,cl L oJ-i a:tL Jl ((conversionl .i,"rl f t 
a, 6lo-r.,-.-q c^l-e a,

cr:islJ jl J*l-- ObJ*-^ ro-tr-J-..' 3.,_l ,tL-F tr .sr.r, c-".-r;l b )F c--JU" J oI;

dr3-r crli c-Lo a.' s :_s;,-/ "[+;";* ]9,. \jLJ"^ 1 drJ- 1f ,:;: .ri q ,j[..-

1: ,:lL.--,- ;.-l;l ,3-: C,,-tq .+L-g.-;at5..:*3G,: *t-.r"-Fl |Fu ,,-F a.*
.tJ; rr- o: li:.,, I t'-:L a:-i b .ri 15.:-J U" J,_L: 66l.rL a/-a 6t2el

.c.^..,,1 1000 "C 15)! 1-9l.o..-,Jlf L Lo.rrSc;L AD.*d sglo.:L ctL..-"" ;,1

;,i cgfaor.c- oJ:Sr., orL .i- ! -l-!-t .rt=-, FJsd.:rS.r!-,ir1 :.rf J.b JL"*, (tr

15o:L 4,Jbl, 45 JJ .-"jl ic^irr .gl-aa;|.: U ,:".^"1 31-":- :d; oe St-:. (f

,.-i^i r) !L ggL: y ;L:j ; ;rS lL; l:r< ;;\ jb cSlJ r,t?- ;,-l .c._-l ,bSrS

\ 6



51 {St: 
'i{.hJ" iur

.rJlgl sS a'. c^n:' 6Loo!

u^S t,.7,. ;<iy-i il ,FrU onvl b\? L|ly. aS c-^--1 GC"- :'sF 'L'' Jt":" (r

d-;q oJ J5.r-" ettringit" -!li k i f b a5 c'^'-l lJ<Ut< {tl gtblr 'r:trr" l't4 -LL*;l

)Jid f'- ot'-lyl

.rlbrr- 6ta![- JLel {tl or-r:r$;i cr!$ J-"**-" r3b'-: i-'t"-Y J:-la

. . t

%

Css

07-

czs

%

C:A

%

c4AF

"/a

CaSo4

%

,J^i
, 7

) l j r

%

Mgo

"/o

.:^rl

42-67

(4e)

8-31

(2s)

) -  1 4

(12)

6-72

(B)

2.4-3.4

(2.e)

0-1-5

(0.8)

0.7 -3.8

{2.4)

0-6-2.3

(1-2)

r :,:J 3'7 -55

(46)

19-39

(2e)

A - A

r6)

6-16

(12)

z- | -).+

r', R\

0.1-1-8

(0.6)

1..5-4.4

(3)

0.5-2

(1.0)

1 * 34-70

(56)

0-38

(1s) (  1 ) \

6-70

(8)

z-z -+ .o

/? q\

o.1.-4.2

(1.3)

1.0-4.8

(2.7)

r -  l -  L .  t

/ ' 1  O \

21.-44

(30)

34-57

(46) r 5 )

6-18

(13)

2.6-3.5

(2.e)

0-0.9

(0.3)

1..0-4.1

(2.7)

0.6-1.9

(1.0)

O l-{.J 35-54

(43)

24-49

(36)

1,-5

(4)

6-15

(12)

L -+ -5 ->

(r '7\

0.1-0-6

(0.4)

0.7-2.3

(1.6)

0.8-1.2

(1.0)

\ . /



([b4tJS.:*r) 6:r,-S3*r of9"

;'U t^o;t.r-C- uclr; a-.-tJ) J .!-ard, .f-<; i.tcl.rK:..- b CC .*= 75E L-rO

f r;lj5.r" J.lt:ld,4 .el_r 6s: c3K= Loct.r(-, u.alj; .:sts &, crls- 6sL 6>Lj

,Jl ;r di-lJtt .J^xL.r^irl Lra;llK:..- c.-yLL 1l t;lgn:;p c.-o_9G, :c.,rJti, (l

c;.:, c.-3lL^ or5;*."-; $L_e cll.-u: a:;L .13,- 6la""lt*... \ S )_t* dL^ai

;l;, ;r-; j<".-,J:iJ .,-+5c..-l chKr... J -*> c*,j-ro,L- J|.o-,, ,a; c.*,jti-

y LLj,..-*"1 pjY ,l$-" ;l-r--.::!-* ir."--. Loa-,l.rK:-- c---;t-c, .,-:-,1 i.rto:-. ,:o-

.*So.- l-l'- s: *^l o:ltKt.- c--jG.^;lJ-i.. (80Mpa jl ,:-i*) 
rJ! 

t!*: ,- -,_91i, ! cSLndC

c9:-r ol^--- a-, i-..,1 e.-; .s ,5'_\S 6r, iV ,r_-b 1l j ,;:."..aa; .rrp a,.lsa,lK:._ ualr;

.:sl,Ku"_x'b di c-.31L

& 15$6 6t, bcl.r(.-" .f-p g!.-3:Ll -;Slt- r*- An tJS,i:a6Klt

&*"r' *L., r5- -S Uti o1 lr; | 3 ; 2l : a-sls laa:l.rK--., JK-i J$ r.^ . t rl S u" ;l;
.-Li $lJ; jL-* ;t:- 4lrlS 6l1pjY 9i cll';.- a3.; rr J or:; F:? taT u. j-.i*.

+-:lKt...-.:;lr Locl.rK:-.. t3=s \ ;;-*, d)U J- b,-:,.E 3,t_l:a;-.*,:,.!t (

c"-.=..^"Yl {-r--. ,i-l;Jl d-rL ,)i :Fs rz+-,.1r _9 c.__,1 oL*- r.; )l jc;__,G-.

Y /



ii..sl"*

. ts; cl
. 7  ,  , .  .

Jl&r.c, idl rlrL d)y ;:L.............. J jtc;..,' ggLocl.rK; ory;15a-r \ ,A ,.;? " ;Ki1-i 6

.{t-.r.+ 15i'r ,y? s j<4.i
:$)lJ<Lr"rib ari llst t1s: e--b J'a;l Lor:l.rK-- :a (ale 1tj.: (d

;^S Cr: pl-9.: -uiL ,r)L .:*; ..l-l tJi -r" :,JL:,- 4.: .-ri c*: Gu tE a_-b :l -

- l

Gcl.rK:--;) )9>3-a;3iot; :lj. u,_) 1l-

Lr ,.:lr,;3 ,--,3.:3 :L-.;lrjl;: Lacl.r(-- -tL.;l ,llj*" -

LaxtKt etr
:srS 6t;'o;,b olau" t: ,y--h * a, ! l-ocl.r-(."" :l-oxtlK-t-,,6laaL (l

,5r;.:- crr=st"-; 6lj:6,jf sa a, ! toK;.." blji6" 6-UJS,:.- p:jl (l-\

:c.--l ou pla;lnSStz:tlz5 rrl.r:b-"l;r Jj 6J.l,a+.rr5a.r;; .*.".o
-(Schist) c*-r-^i -(Limestone) c(.oi 3r_..-" - (Granite) c._,t-J _inasalt) cJl;l ,

Ji-^ 
-(cuo.o;3y LJ -gor phyry) 6 j ) J--(Grirstone),,,-$ &._-, -(Ftint) cJ_j

(Quarrzite) u-l :l _f 
-(Hornfets ;

p 1; 6 t4+iL.:rSf=;4-:^,) r:> a-, l, 1,oa;l..rK:.-" JlJtLr" Cr-- tSS.j -)rJjl (y-\

:c.^.-l ou gh;l nsstz,rsz5 r;lriL_l

O:_*.- (Rough) r-i,- L_ r.,, 
-(Granular) +:lr clr -(Smoorh) eila -(Gtassy 

) 6l+:a
. (HoneycombeO) $*La" t- g'_,J.j cY - lCrystanfine;

:c."-.,,1 o-'-ijjjjjjjjjjjjjjj� pt=.,lBSSrZ:1S75 .rrl.ul^"| , Jj 6t;"4;J;; Laclr ,SE: -A;l ff_ I

&-,'! _l j!.r -(Angular) 
2l;�a;f - Flaky) d;l4iJ_, -(Irregular) 

+:_"1 
- (Rounded) :J



;., *!, 't,

(Flaky & elongated) .i_rlf : zls: j 6la-tsj - (Elongared)

:11 -uiri-.cc Gcl-r(.., cr<+K." ,:olr aift" :'*t* odg (

,K--, "rUi c5b4jJ-"i ,Ssr'\-r.* Lrcl.r(.^, c.-jli- ,r--U:i..(strength) c-JLi- (l-f

cc-,| ,l(i 2:l' ,3'-- 11 6la:r; dz q \rl lr, cry^i;; pl:.| (c1;,...",1 L_ ?"t)

c, LLi ata o-. "; :rSu";lj orU:^"I .:t-f. .rl;) o J-i, ,i a)J.? o, ctK- i;U

.S-tj

pl+;leSStZ:tS75:rl-r,L^"1 AV, ulK:-. oJ;:r.- aS*, tSSt6rL:j.:-_9t-c, ,r--U:i

.r3 L 10mm &l t9s:3 o J-i, .:, 14mm c(Jl ;l ^S a:ltK..- 1l 6la,,;.r..,_Lori ,t_l i .)s;c/

J )Ji L-/ c(:; fOO-f lO"C t>;lr- ! or:St, c,eA q.--t, 
t l_U,l y " -U: a_a; _U:L o-r,L

>slAi 6j;ai i j :10 c;-r..o;)yeJ$4r400kN 6s-*soJja.: i . ,1 6la:lr:-- l  fG_,r,-r-;-
t;.),1r2.36mm (No.8) ,5Jl 4ij; j oJ-;6tb 1!ti ,l a:l-rK:.- 4J-y J,_t jl ,*= .rs_./

cl-rK,.^" 6ut- sV l: a-y* bj., F t SJI;l ":1S rr,c o:l;Kr..- i-rj_e r:*j .ryLr"

.ob.r" tqacv;

1: l, t,o r: l.rK:..-

)s-rs" +ra: 6tLi *-U:i e,Li .r:,-L;i s2je a_j;.sr.r, i:L:;6la-,.-;.st _,1:.Ji6

t9ss -tL.1'5 tj; t-tjj rjl c.-; 4S 6:Sq "U: + s il.-r* Cr:to ,4.,j- J.:sls 6si Js
6tL:;' ut'-l"rT -$U t ,J*tr :V .ts-.* ;113 txsun .bF +t3 "i-l: a:l.rKr...

, 1

/_) l-4, jl -t- l=i ,-9y ,,i_l_.j I y.: 1l o_L"l

;Fc* +..- L-"

c....r ) 4J 
e_ b o*(: t* e s8B2:197 3 :; I,r, L-, l ri t!.

- aggregate crushing value
\ 1



;' ailF

4s%'.JIJJ._,151 ;e ,9-t (tl:> aS ;-tsclt1, 6lr,

s-t1u G-. ss ,5+t-a c*cW r c-o3l-i.c 
frf "f_l ..(harOness) (s:ri-,) s.iL, c-,Jtja (_y

c- ---el; ;r,-l uL.+-- elt .S\g:L; .r.oi y c,jt ,.:?f;: 6Lr.j5y Lro:l-, -2: orLi:..|

,--l ;: ..uL a"la,i n7 "i-Lji 4:i 6-tu:f -r,_Ll; +f rrl.: rszs ,-;--Lji Up 
Jr?

gijs o$le ,;1. jL4mn..(Jl;l "lj >s"),r try;:.6r1-l o.:3.r.*.. t Loa;l.rK:.^, ,r._U:i

t +5ig:)y cl +:,-l "|--1rr:4;.rY3i 6ladjK;l ,r-* sl-r.^;olr-.t a-, ! c10mm rjJl

O!3: ,;-^.'." fr L4 J) 'e.:- JJJ )lJ.ri L .,-i | .:.-ly I,-l r./ tC_^-"t ,;tJ ,t; ,pl ur-yo

u-",- .:tf g |lcb(.." F-L, c.-! t^rJrK! ol,.a LocllK:.^. Lr;... ,,)Jjl; .Jjd"

or_9-r-*-a 6lr)2.36ntm(No.S) SJl ,l t:i 6y' ,-t;1 j oJ; oryi djr..a:lr;-lrl .jlKj--

,l-l af .tJ- Ll ;,**, f o;y sl 6s'c1: atte ! ,9 ,ti 613,slJ,il (.ri ,5! 65:Ll

o.l-; o.:l: ASTM Ci31-89 .rrlsl- "..1 ;.: L^a;l.rKr-- c--iL; 69rLl 65laor3-t--.-" J ,f.-Uji

- l

o;-95 ;: .-(-:.;

oven-dry

, f ?

rnoist

ggLocJL-- lrt .r,_! 1-oa-:l.rK:-".- ,-Sy_re ,f\p ,s-sl jl k t&*.,?lF (

p 2l ̂ :lt*..,,J!; qgl-ac-JLy; o:L;lr;,^: .c;L-; l_t -_b.t Alr- ,b 2l ulK:--

: J-a r.r.o ,: L:; ! c-3"t; ,l l;""

,:,.,._;b; lly ):rl +:l-r(;.- 6trcJL {rt 
-f -f .jzu

ly-o ;> .-(^:;

air-dry

.-(; -t--rL;l
satulated sur'flace dly

Y "

r)-
1-\r-)



;r. ;3:*, ,tr"

:jl rtJLe Lacl-K:-- ,-*-e ,rl:- c-Jft"

,J.aL3.t J lJl: .!G riL-o 6!b Lacl-rfc.^" c)-- :(Specific gravi$) uai.a;-,t, (-f

)J-{-/ -;-t ';:i AU es*;::: U -r:a,.t-;L.rr iF

o-.rt -r"l+ o:L pL; gz- \ eP is:S C-\.'(absolute) d-h' L)aJ'a;' 3:J (l-l-f

.r,t7 :1;* f -y4 biJ c-; a:te ll) oT Oli,r" J )yL/ Ltr' aT;r:3ry3'r jjL'c

.rS; -iu--* d;j'; ;rg; o.e g;L: ,5,-;r3.: ,^ I P;' Yi f- f^ tlj-t a"' r)\i1r

.,r;1.r Kr-- Jt-f iy-t jtl -r c.-^,1 J<.i '*' e-r* i:)s ;:F

AS )J-x A:rf j) ;5 G1* r.I r1;* e- ;1.'(apparent) ,57tb uaga;' J;i ( -l -r

d-,^U; \y-p c-rjy f .-r.,i c-.-,.,) dJ 'f p;sy r:>f p iF "l'a$*" $L" J*Li

;;) o-Lj lK;; 61-,tcl.rfu-- rJj-9 c*l t c-.--ly1r, L)eF bis o:t-;,,-l ;: "!-br"

b js U-lo:;,yi c..-r a'. 615. .\ jh ,'C* $L- J-L: -r-t7 :l-y 1',P f^ :i i:s | "t-f

..:.^.-l;b ,2j' >r$ -'i jl -rl 4 b c-3r L gi ,ltr: 45614+'i i-P S-,f t4

,< --sL.l i  .  a,,-a:,- ' - i ,  = =L\ ) J r -  e r : r -  -  - J J  
B - A + D

. /  , 2  . / .  . .  . ' . .  - T \
o;-D ;) o -Lr, i--\.:-> 4J 

J-.J A)J - u

=i :l -t,,_;--u ji e) ts3j =n

)lp r-! +r3,cj rJJ; $:f .Sff ) -i -e or; 
Lf:;f 

cF LSi^' or-U)\ ;) ;:3t: e

.($L o-$t j\: i "t-l: ;: c-cL YY o-L" !

.r5Jliil 1r -t"F rl;* Jrt-. f- 6 Gi,ljJ = B-(A - D)

r \t ,-. .'-1ssD1 e,; FL-. - plJl .zJlz 1: ,t'P 4J (-l -r
, b-y.u Cr L-., b--s -;) )3'+ ! u.

2- saturated surface dry
Y \



;,".4346

; b : f L j);.- f fu ty: . ) si tl * f _b :, t,ocll(- S-:t C".-,J 1L;1 cJt- ;a

dt,!h ,J:S.'"J .57; o_r.-.,trq^ ,:513 ;r 3 ,t-F ) jA L,tcl.r-C-" jiL-;s .Jl ;l s3;lt;^

ojJ oeJ,e;- Jjs ,ll ,:=; G0 ..i-S -b;r e;l.rk- ;l u:4 olj.s a.,. 1) ai i-)lirr"

.-i ,:.lr5 d^:; jl & -l .ri ;, or3, ;y oL r; c.-ot- z+jl .r". b ,:i-tji rrr, 6 t-a +illK:.-

2tly. S;; & 
-tf l o2F i.t;3 .-ua:.r" dLij C U,9 o:r5;rsu ci:i 191,1 uiVl

:L.:y -tol3.;

(ssD) 6c(-:.r *-- L\;t eer;*^ bj:=
B - A + C

af- :: sJ-? +-, Lt a:l.rK-- 6 ,ulr';:..(Bulk clensity) ail g;x (-l-f

;r1..:,".-l 6_tsse 6rS t,l, f-- -r-13 a;L- ai.4bcl-rK--",-r;3 ;,*;lr c-r.,j^:; cL-^,

J-)U" ! Gi.t ltl;- ,I-+ ell oi ;l j t j;u" eitLi "-.;*J Lf p i)jJ olJ;e;, c --J

Og t;lj:u" 
flt t fl** cJL3: )) o,aJ,<>..a oi: e*l .5J-Lr^ o:U:,-l .r."----

I s'j-:r.+ J!.A f+>- L. ,;-P ; u"lzT + 1, l-ocl.rK;.- ':1;i u_ rstp-; cJl-- rr .-:j;

€l;..--.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::JL-- ;r J:56-" t t-,c ;;il t)sj."c a.t c5l.l." ! b Ji e"-. r? J r:._ ;_-)

a.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,16mnr ,lz! t ca)Yt 4!" .i" 1l oLr. y t:: o-L; a:;, Jj t aJ-f a- i 4lJ<,-._

;::rS ,-t; j ;l J- ) j-,-/ a:-:;lrJ ji lT ap}lJ l-re, ,:L-L- r5 j ot; o.t*;rS u,a;-;. c-,L3t

.tycl t*:' (fl-r.* t_ f,Stt") -brrr" cJL-;r 03..;l uaj"a;-. is;j a:lsK:'.

t * f,-.
,. 3sF c-Jl---r.: .cp d:: ot f|r-*.:JL;: oe* or_e ..*r Yr,"-,.

oaJ.e;"-4 Jss sb Lf ! .:+l cfJ--a* b_t: jl dr-j+ .$li./ 0.96 ij0.B7 )J-r>

{.....,) 4r qlL .t_l 1l ul;<.... Jl- 6LoL;; c.--.; (f-6) ,-rLji s L l) S-:; *_,_ til

Y(



ii..'$- srn

Jt-- cSLAL;,i i-.-i = t- b
s x l

1r )3>j-a 6taori'-.--.(porosity & water absorprion) L^d:lrK, . Vi:+ t J;l;, (_f

tj+j.' 436ori- -,1 Ftl-,t"^-1 Jl- f i Js -r::.."a c.cl*;,-gto.;l-ul ct![ l-aclJ<j.-

,-'-l; b c-b:.r." J"(.lJ b ,;r:t 75% : jL- +llK:-- l;* .-t; -,o J Lr",, . r-i t';-, Ja4> Jr

$--..rrL Cx 2l u,clj- tVT ,:i !/J- Jl'- s e.6y-\:ji, loct.rK:.- ;pl;;

dtls-! i er33-c--n J ?Jt J rL-;l ,- lr- ;: dr+ c*.3 G, r rt i^;- ,..-- j o:lK:.. 3-

a;j,t +:ltK:--.- Fl-.r -3-t **;l .41$4 ilr bi Lr:"-L-, c.-3G, ., G-V:r

. , -  i . l j< "b lJp  
iV ,g . . f -po j j1 .a2 ,42 :  j  j i  

L fp

rlj ,rb! Lf r* )5 Locl.r(-- 6 er..(moisrure content) ta4lJ<, 4*.t lt-t* (_f

;;Gl ,-i JlrL d,,,_l .t_pd 3*- ki & ,, ,-,-l 2l 6r-L-j,. "f,G r,_rtL Jr-t\ ^--S

.t-*3 jt Aq_t t:_r" ,::-.61y p;) yi,=..L-, t) r_! toa;l-r(-"-, 
7\, st :s+-f

(-L)'-l61-ocl-rK.u 6 J;;: iJ.r.,,l: c,,.lprrro;l ,-:!:.ir-rc a-, c^;;r 6l-a+l-rK:--,

j ,-i c^"^; j 
6b 

Gcl.rK-- ,-<*: blt", c.ty* .J*:;L a:;l: e,3b1"10% jl ,Jra. J"il:;.,-/

6l-t .:s; JrS : ;:# V:' -L-t Ji J1$." c",-l ,.y,;.c _&-t J.- t ,b;l y o.:3., lyo
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12 88 10 . ] I 2.36ntm No.8

22 78 10 30 1.18mm No.16

42 58 2A 59 600pm No.30

'17
LJ 35 107 3001n No.50

94 6 7'7 53 1504m No.100

6 21. <1504m <No.100
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S-1 ,9,1e alK:- 6ly grtS'..'O ,5,r.., r.ib !3-ra - Y-f Jr.r+

,"<Jl jl .)JS )J,e Lr:6 to)) '(Jl .r!-i L .j1.ljl

ASTM
c33-93

BS 882:  1992

Ls L., j," A ASTM BS
1 0 0 100 3lt8 l0mnr

95-100 89-100 3116" 5mm

80-100 80-100 65-100 60-100 60-100 No.8 2.36mnl

5 0-85 70- 100 45- 100'� 30-90 30-100 N o . l 6 l .  l  S m m
' 2 5 - 6 0

55-100 25-80 l 5 - 1 0 0 No.30 600pnr
r0-30 5-70 5-48 5 -40 j -  t u N o . 5 0 300pm
2-10 0 - 1 5 No.  100 i  50prn

(ASTI\I C3J-93) .-- !y.r ,5to alK:- ,51y. d)k+ dq 4tl) - f-f cJJ.l.>

"flI ;1 .rr5 )J.t s'-42.; r,e))

.flt ,rL^: L .jl i l
- 4lJ<' .5*l
(mm).;l-tj l 

I '.o
- l  ̂

,5.rL,1 c..b t 14 dll<.- s.-l 'il)il
( m m) ir:,..

37 .5 63 I 7 5-12.5 4.75-t9 4.7 5-3'1 .5 I irch nllTl

100 3 75
90-100 2.5 63

100 35-70 r00 2 50
90-100 0-15 95-100 1 . 5 3 8 . l
20-55 100 I 25
0 -  l 5 0-5 100 90.-100 35-70 t 9

90- '100 ' |  /2 12.5
40-70 20-55 l0-30 3 / 8 9.5
0-15 0-10 0-5 3 / t 6 4 . 7  5
U-J u-5 No.8 2 .36

(BS 882 : 1992\ c;J: 6t^ ';ltK:- 5ly ,<:l{,'",'.i ,5,r;.r dl> - L-Y Js.tZ

5.5Jl ;l .rr5 )J+ \r,-a4 r.a)t ..tJl . j lJ.i l

l0mm .-r*l o-,1lI l 20mm (J*.1 .jl$l 40mm "  * .  1o j l . r i | Inch m m

100 2 50
100 95-100 t . 5 3'7 .5

9s^-100 45-80 20
100 |  / 2 t i

95-100 3 t 8 t0
30-65 35-55 25-50 3 t t 6 5
20-50 No.8 2.36

l5-40 N o .  l 6 l . l 8

l0-30 l0-35 8-30 No.30 600pm

5-r 5 No.50 300pm

0-8 0-8 0-8 Nr-: .100 i50pm
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cs.r.;L a:;l-r ', t:- C j o:y (9 ,/- t8 b6 O.",,:ifH aSri f uQ 4ll* +

! cz;-r; tgy. j;,';;L- ,.-ri c!"S;..,, c51-,1 o:L- .1, ,51 .c-..-l 9..-\;- 6;t-;ra.6ly.

J dL.-- ";,5 OU j Sf ,;lul -e ("J; s_s* j oJ--;j>.?i t-) -J.L "l', s -b tss' '?i

JJ+ "!:1G .-i c-u*i;L /:^.xl-u .jy:;lTova jl r,.-* 6-Ls ft.:-..-t 6t-:)l;: €*r_eG-o

. r:^..1

31\L-- .:j.-u-,-ri c-31;-" F1.5y ,*i J) ?F rQ.-l c,.o[ *:i :r,Kl-7 ,:1aj

r;,r. r-! ,-i t3;s 6lrj4o \ j:.- + sjTj ayj..a;.: BS 3148:1980 .:;1-r.:L.-1 a.-*;

.t-S tl; ;--G,,i

,l ,.:,LcJr-- )lJ;,u J500 ppnr rl -i-,_p;lrL fl .c-,.-"1 o6:-; .l_!JSrS!l: ,_* :i

..:--l orG;-1 "!G:i c.rjb F:* 1000ppm

oJ C* g\Kro :y; ,---.31L tJ-,/ i:-..eL , .,".-1 3.5% " jlJ'l *. Gss- 6lj> l7r" .'i

15% ;S|J-- )9.^" c.-,91;L .;-c5.lo.r.r, ,:^15 ! if €-W c.-" jW ): *.\ ,2:.'-l;l

et.., ;: +i rt--! ;r J:j o- ".; c-.e 1,. L;: -,i :l orU:-l ..:^--* #. .11-t2 .,,- l; L.,, y c.- I

c;\.. 6lS L;r .-rill J*lt ;u.:li .:r"nl 1gf 1: o'. t;glb c-:t { Jl,a/-lJlf ,+ir/ &

)t ;))J;.:$1i .:.rU.,4.:irr.r,-lr5:rq3 n5,.:."..-l ;l-l ffJ\l,.{ 4<j.ryi..:U:..,,1 c.ri

,3'--t .-i -a L- L.,.: *i;l -r,-t1 o?Jd , c-116. L)J..r,ra (*- ,-r-;:);y;L;i r)yi

5 '

.:3j o:Lo:.-l l---- C;r rJ.r-$133l-.



.  7 t  7
. ' J s  t 1 t  9 l  L &  . ) l
t ) . v J '  ( J  "

3,-l L .c.^.-"1 ,--^--l:,' ;; oi 6yi J* Sltr;p c--;L 6la .:G:.-l tu^.ai ,ts,* y

c-i:3*1; i; I tgJ-i st a-(J:{--,-1 c-^pL .,...-l ;,<."-. -,i sJ tJzJu ,)i tl_r-- U ,rsi,Jf.-

,*;' :;13* €.a- )) .s j.- ,.;=; et- | S o-L:; cgJF Ja LSil u"\i +,-i Jt Vr,.;."

c;r c..;L 4;11 c*.1--\: d-t- b Lrr- l-.:".,-L. 2i 7t ,^ :.:*; c.=--ol 6\l: ;.r2. &s

;;:, * "r:S+L-- :13., sl 6sG -,.,1 o:G:".l :_ss'r?i a:Jl .c"-."1 JJ,i "liG 6r1i S^o ,gtr.

(t.r;z!.4-5 .4rs- a-L.-.c Af J-jlagt 6i\---:ri ,*L; rjl ;r ;- ,1L- g1:r ..r-i;L

.tji tq;. Cf Fl. t\-* ,jttf a-, .:*.,1 ;,K.*. L;r ,.i U.6rti S^o

I r \



6*1 6b.js9;il

t, b;a' + c!}:;l L_r" ,) 6-r;-..a d)L,. (admixtures) 1-o;:3il c-r,-rs + L,

.,t:,or r:1.e rdl; c^i' jl r'r L-_l c-r:y y_j1j5*: Lr' ,tb Ji uolJtl: t;rSu" atVl

orU:^"I oi oolf jl .,;n d5l) r-;s 6lt 02 g�L^G)Jtl 1l dlj;u".:;13,. 1l r3-rL-l _.rr

?_f ,?. t b + dp Jtlirr* 1 r-.-,1 :-9J--. La;r3;jl ,jl-i a5s;l: d+-;r .r,_! .:r5

F t* l rlt:j;)l et"a.;sl;a Fl-t- (Elnl ,J-LJJI 4;Larrl-uL-l &G,.-u5"1.,-.r;

a:-L; crlK-ru;L,L.,i 6 u,-G;tj;i't ;l -r,_L tAi a;Jl .c.*"1 &.)) )-r--f J'"=- JjssE,

0r)1* -: c; L glb t J,-! t .rLo:-,| glK:,o 3 :_e,-i o: Lc-,t c.-,1 o$ a-*;L r;.a r s 1,3

ta;:3jl 
€ {tl .ts* azj ri),a" )l$- J ^a--p ts-f i o.l;;L L .y oJ; a--.ajp

tn_,L :t* J Jl" sgt"o;L,)!3; rll;L..tl3_,1 it^otifrtiLoo"r::56r;:rl -u;rL-e

(accelerators) lao-l5 e-*
T:^. ;t:;r,-l .-t-ar.r, "F-ltl b ,lL*- J .ri ;a ,.rr-t =*i LrSlJ dJJl c-^cr-, slj, ;rr_l

932 sl j."n U_l )t-,g c;--, jtJj &. 4 tr .Stt.l Ca AF 3 Ca S a5Lo;513 s9_9;

+ r"-l c9L6JL b a5s5lo.:L ;-joJ.c-c ..t;sl: ui;z ,)+ ;U osj128 c-e jZe s C*. ,57116

Lr/



;. aSdF

:)o ^-, "):.-u:'!,-,, (Cacrz) g**5-r,-f c.^"-"1 *f :lS o:1-a:.,1 r;;-' "xSgt; blto

;p;,r o:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::L ;.,-l ;l orU:;1 olir'1 ,.:j;u" t\9 *5t-r-f .:^o11 dl;: b-t'-pr53 a*'-l

L- t*jJl.=. 6Larys-t ;1 -r,-! l:-l ;:sF 1) 3 i.:*.,,1 os-; ry;--^ o-t:t ,J+ i* J e!

)t 6l)G-.:11 -u;rL^-= La.*5C.J**j.:r.,;[,]:;13* ..:;5.:1-o:-l ,l5ur+ 6La"J53;'.-

urrJ;! 4i jlj a-< u;lta s a:;L' ,4 &. +J*5l ,C.r- Glr.'t 6\s;\S r.>t- A3ljs

.$t bJG gtKr^"'3;

,-s1j s.."s> J) b 6- ,s\;a a'. --1S.r,"f ;t ;:lg u" ,.trL'-* t-.) r\9i uy"r, ;; ;r

d-.et !L"j-l g*-if -u-frt .:lc.-l .-r-Srtlr.+ ! l;,a 6L.: o.>-r ir*-! b:F orl-o:--1 oL--

.3J..-Lru 1l:--r."--- & ;rie.:.,yUi, ,;-ol5: e. o"j- J 6rVD ;KSt,-i "a-t;l

f SULj-';: GoUJ3,.,, JIJ s: c-yG" "i^tSe-! g**.tS.t-f;t "rLr:^"1 ;r;-. o

r-A4jlK-- ,-r:9-, JL-! ;t:s-? J) c-,K*l..., G..W r;- ujjslJ il.�i'-i .r--l;ll -l oQ...-.

..,t; r61j;

! ,ly f.-"LS -r,-r15 1Li at1 ! d-Li *Vl c:sj,c;r (Nacl) Jt '^' &; rrKl"'c

rr : d;:-,b-r:-s eU;,F15y at1''. js::t rL*: ,i ..1jLt dra:.+.! ..:...-1 6;J o-ri

,-, .Ji;l o:G:-l gle ,j.^-a + . c..-., I o J-! o -Lo L;. o'i ;l -r-"-, S jy-s7 -ts,:*3G" uir t5 a.1.p

.ili Lr* 4:o i aaJ€

J-'-l AS J|- s> r8 jrs" llj u:U:.-lr;y., &.ee r-rly-c r:-'; LriKLa.Jj:SGJ..j

(SV ". )f dl_rr:.: 6j.L&s:.x54 ult| ))4 C;lJ^;r g! cJtL- t jF:l-r.

;l ;: ,r:r5 fJ *:t" o;..: orLi:.-l J".;jt+ 6lsrfU;1 .:*'l J:+: f*-ttJ,-f;l 
o-:L;:-'1

24;t ;;,--,l.r+K, #,lU*rlo r,--l;l ,(":itbr t) tacl.rK;" U-,-1 uf pS u'-)

.$:+l oJt3-;c-z-', r-9j ,JL.--';i o':'ir.:-,l t--l oQ.*" * .ri l:*; ,;"o15i+J3l c-'L48 L'

g*5-r.',-rlf ";l-ul o.., I o.:y i:^.j Olf J: c-,..,101; "'5L- t rlsur+ agLoo-u5g.;-;

L V



; s!$:5-

c)o ^.' "):.-u:'!.f (cacl2) f**15-r.,-f c.^.-"1 *-5:l; o.rL'i:-l rrr' .-u56r*;ol:i"r

llr 1r o.:L ;.,-l ;1 o:U:;l o;jral c:j;ue t\g uft;j-' c*"! dl;: G-r"-1r15.:;rzy a*,-l

L- j*":JL? 6tsrys-t-,1 -u-! l:,1 asF 1) 3 c*..1 ou p;-.- o-t:i,Jj* ua J C"-

st GJ-:G-1:jl -L,"Jl"-r la.Jj:(C.J**; .:y;15:;13* .rr5 o.:lc.-l ,15 ur+ .91-a"-t5g.;.;

urri-,! 4i jqj a-< u;lta t ":.;-l-' Lr4 ;i !r; ca.f e/lr,^^,u d;13-r15 i )r-- 6U^

.-rjL LaJ$ gtKr^.ty;

,-:1j t-es> J) b ."-<- J\r"' o: g*JS af ,t blg u^ ,.<rL.-e o1.) rlei uy-r, ;-i ;r
.  ,  \ r r  I  t .  ,  1 . .  . t  , '  

- ._ l  j  L "_ . . . -c-e L )1"->l r:--ls -IJ-JJ5 jlortn:.",t .-r5 d !'> ]J lP L-cL.) J)-t jil- Y u )JA.+r oJLa:

.rj.-Lru llr--L--- tp. ,;rie.:-";Ui, ,;-ol5-r ,?. ,/i- J furVD ;iSt,-'i ":.'-1;l

f SUbj^.1: GcrUJ3.- JIJ s: r:.*31-6" ":^lSe-! g**lS-t-f;t o:Lc.-l ;r-;-=.-a

r-A4ilJ<-" a)jF, JLi ;tss-a J) d-,K-I..., G-W J;- u.i:.SlJ il^j:"-1 .r--l;l -l o4...-

.J-; ralj;

! ,j:: f.-LS .r,-r15 1L; di t dl.; ost;l crtt c;r (Nacl) Jn-' &; rrKl"-"

J) J d_l:-.,,b.r--o GU;,F153 o>9. y-* rf1 ,i ,jtr d,++"-a .c-^.-l 6rz.5 c,s;

a, tJi;l o:.:G:-l sle ,j*3 + . c.^... I o J-r o -Lo Li'o r-l'i ;l -r.", S iS-s1 -ts,.:-jG" d;.l15 4+:l

.55;O* *oi A.J€

J.-l AS JV s> ,tFrs" lli u:Lc:.-b;y.^ e. ee,-r1-;r r'-;' LriK La.J:SCr-*j

(Sq, ) f rJ l-ra t: 6 j.s,t s : . x:S 4 u ? t l: > r'. 6l J^ ;: g! cJ.tl>." a.,r jF : l;-,

;l;r- j:rs 
7f Jr:.rL tr;..+.r orLc.-1 ,.*:.:L cS\^rt,s-t;l .:*.1 i+: f*-tt.l-f1l 

"rLr;-l

24 2t 3:' ;;;1l1f" (j,a!rf" r*-l;1,(:irEr t) l,r*l.rK;" u-.-1uf pK.'-)

.$"+) ol,yjc-;- r-9j ,rL---r;l o':U.:-,1 L--r oh..^" a., .-:i l:*; ,':.a15io-J3l c-^'eL.,48 li

g*-.!5 -l,-rK ";l-r:l ,.., J o)Jar d*t! t:lf J: rJ.,loJ; a5L ,., ,15 u:+ agl,oo-u55.;*;

L v '



;-. ,.sbj>r;l\

.rf lL L d_;"." c._J+ j f--S'cr\sp Oli*" jS;-tJ.i, gGor;Sgr*; ;l .t;:-*;13"

.,.:..-1 o-r..- ,;t t:\ a:;l: u"3*s c1j'1. +561"-r:56,.- 6a 
a5,.*i1: o?i .l,-tl

rJ3-2 ca:iL ,,4..,?. rt'W j.o;.t r, c.-- | a:iL-.J:^tti |a:i ,-: -.o. (;lJ. WLii C,.i?^l

d)y;6a.., ! "lr* oL".- t .ri c-; ";.415-r.rL .rr5orG:-l ,l" rl- 6ls;j2 11 bl) u"

.:;1: a-,1;1 .JLq-"6 )f 6lJor: la".r5gr";11 o,:U:.-l Jt.JC 6La;L-l.r13;

(rerarders) latJ.6;Js

ie-,,', JJ) d! .r.... L, o 6::;r" JL=.- -;J-r:LJl t=t +.:-.oL :l-- :'-1
, -  I  . -  - t ? '  - -  |  . . 1

c-L! ,ai5 )-o15;-.-a La"J5; r:5-t-,e ,ii, I;.3t(-o .c..-l r.lL".- r*o> i -L.,' c-e.-"'r

6jt,-3)/'i rQl 3 JL=^" oJ-:-o.:, L-(.r r13*;l f- t d;51J pb-:l ! rlj, g",-l )L:-l ..:..--t

c-.eL La..r5f-r:5;l o:i-o:-l .J;s-rs" ul:SlJ t::*r-.t,:-oLSe-! tOL"-." g;La,ilr

rl$-t; c;..- ,t-r.:lrJl-;i-:' t crt-.*-s ,J- -/G\-P ,:.. F:J J..- 41, oL2 tj-;u"

:sy :Lj Lkrl ! +li &- -tt tgj-s,] .)l* ,Fly ;t- ;lS c,.cS tytL/ c""! i,-1

":l;':..-l $ Sl.ja t) erj?.s "t1r 6r"3-lq (cold joint) \,:r,.- JLo;l r!,11 ;1y -uL a:-il:

.rJ--L/ "rt pK- .:3j dr.i c.;.", J er- dJ.-.,b.t.a :t 6Fj. c-"rt 1a"-r:5f-r5;1

jl !.:* dJ -,ts 1 -,le I Grto;': ly; ir;1r -,F .ll:li ;!: a, G.;Jf-r5;l orLc^"l

J l,Ju- slt . xS a Flz d".1 dr; c.t -., J F -S il F t* a.; xl5; u" cuL ;L"'t-'

"tSltS alt;c ! os; ":G:^"1 ok..." JjJ}.os% )J-t> J) 6l.r;Jr5;1ti.n a" tS; 1l

Ll .c-;l-rl -ro19 ,"='b' *. :-.sV 4 aJ, 4' l- -g t: JQ gF : "r-5,-!.; JJP &6

Jt""-- G-Jjl 
')t 

-e o3j a!L;l oL:.- oj; 'tVo l; o-2Vo r-9r-''}i LC;;4 # -S\

f A

) t;, u." E , ':i ,9jt 3 61"1\: ir ! -J+ *-f * o: *; iL-jl -\



;. ai|,*

+ dr{ alyl c-31-c." r:3;;tSa, "-t:SrS;-S Alr;c * ;g; 6 u;ts.rr5_r.ol_9 6;_).

$JIS;J:SL;p c..-yG,. js_t1 jl t-. J: ..:,t1. r:.5 6l+0,-y" "hU ,* +. AV ;* y

)1"-,-l ! ,-a. ;tS ;,^3 ^5.* g,-t * !Ur-t .r' -ralJt AV ,f;l ;^:* J-rJ) -L-?

.tyc/ jfl*.)b+^ Jj

;'U aS.:*.t fj) 4<r ;r-l ; t t-rJ:,,_/ ,6 ".; 7J sl*r, ir,.--. l^"*;S;rS brz

; l  u;"1c60oc;l r::: ) ' tc.r.)L .rLr 6loLr )) J )J.e,6-aFj! 6gLoL: 1r t4i

.-L^).,i ,- "-r jl l: ,_l- _*b ta.J:S;fs

(plasricsersl^,ater reducers),-,1 o la tS / I LJQ2 6 La u,.:j ; I

r;r lX;l .-ri ,:-otSrl .:.-l .:rrL-o tgi :r<.1"- cc."...lr.r :13* d,,,-l pb rl aSlrJr:L,o

ci_ 1r 9i "-raL5;:y;jl .*- ,l orG:..,| jl )JU.-.ld/_lll+ .10% b 5%,ll; * i3"".^.

t-L^, ":.ot5;_Ll5a*,_1 ,t,9-r, rlr r:.al5 lr..tL:- C.ri,:*: ol3r af c.".-l ;r,-l ;rz ble..

JL".-,r.:1 -ri.:*; .-,.,-Fl t jlt o<r_l o_e.!:l: ,:,_lrl b ;re Lj^";_!15afu-l t_t.r:5

: S+A:-y4 dL^{...-l jl -rrrp LarLol-e_, or-,o5,-$.:; tlj." }-al af j: .sjL

.t+i Cy*t r S):-*sjfdLor:-lr t+i C>\.1
, 6r-y c.*i 61-or[ :l-;* ,,1 J-S!!r" 6sL ,,li ! .rL;;l J.,J :tajL- jtrr ,p 1]tt

rq.-_l !t<J_FJ_r.g,_l .:;lrt^_,!.f_l t;<.:..- t+i)Fl".eJyJ? "j-,,"5-tju,tjaj

6-Sj- t<-i  .l*"- g+-. :l s.:r5..r:fly b kri l,.Jt".- .51-ocl: i3;r pL"a 4;1,or[

,S-l .tS.-,/ :.9r rJtq.- 61oa:1.:;13 oJ; ,.c.o;! 6;lj: ; l:^ .El.^:!- O*+$ J:td"

J*.,-_l )yL/..tL.,-, g;t-o":;.-J i.r!.tt7_f .-io-rj :lr-l j u,_lrS u:.-lrl c-r! -tr,_L,

c-le + .J.s-c/ a-31: '>.'aV s ,:o- :\ cSl:,|.: _* 4T : *J fll ;.; Ga:lsK;-- 6j,

.:;l::_;a1 i '56gr- GrlJL,.-ri U ta:irtg.r,L;; dL".- grl_aa:;J di--<.i

r {



;.. ab; t9_rr\

lalLJljl 6h.:rtrl!

c-B .4!t5t: .rL"..- 1 .li.- :,,, .ri.ots! -;+r. c-3LL cl:;3i r:,--r, -\

:r o-r" "L;+ s5L: ,;a15a-*;;:: _l ,JL:- ;!9 ,.-^15! c^,li .r,_!15cr:;yi c*,-r, -,1'

rJ st:^
-'.rL .J<*, J tlpl &b* Lli; st 6j-sG-: ;:--12 6lra d-"Ltiu.i_ltl-f

dtq jb.1 (J:-?4$ J €1.d,1^C*j,'o:r;it 6t:,sj:Uri U,5t-o-Jt:

gt-r.!ajl::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::L- -r--;l G*..?i 
">\r; 

"r-; ,fl-b+ 6tsLj;..t: 6c--;b o?i r,_Ll

)J- G. p:t\-ti "--ltl e-! ":*.1 drS-". LorLil3; jl o;U:^,| (:*-"L-.t:

(super plasticise rs1 ( La j L J $ 1 O :t ) >b I g La: L0 $2

c/_l ,F o3e,.r .J.r*i 0,.;o ;* JL rs .r_e-r-- jl JUi J r-.r1lj t) t! J-rl g;ly. >lja gl

aJ-.-s 
LJ:3: .c.--,1 -*"-, ,$ LFi ,jb ): c-.-l cgrLr i5G;r ,"cll-e; r:L- sly-,

cSL^r.,J* Jl.e 61-arLcllU.ts- r./ a:;L ;rJbr: J dr.")L crL5;rl )G 66,AJj;

lJJ, i*"- A'. J );c/ pla;l cSl.-\a= *'-lj * t+i 4_,, aS-r;:---o ,-i 9 Jj.-,- )i

.c-.--Y[ i.*; l":i .: *-;

:! J oJ::*.? r-rL;- a;{-ocl: -1j: a.r a5c.--l ;r_l La-;l-t_rl3; 6t^JF:. ;Lpl t;Kl"s

;: "l"'.L u:'-l;tl .tij-;u" ga jl l.ocl: C, &qy orr5:l-._l 4i l6g ,;- F-;gl
c..-_11i" ! c;l rJ_* t-_, Y!;!*;.ttts! di !, r:-e;215a, e..-h st a, s;lgu" u,_lrlS

.Y! rt**

,:r. ,5lslS t- Lj" c-'-el. Jl.r 6La;Lctljy 's:rS ̂ jt}l,tt*-- ol :i ;r:^ c*; ,5,_ 1r

jl* J-s* blj: u" l, kS ;r:.(200mm :-.)t-l a; 75mm :-")L-t;t irr"-^"; r,r,.t_ Lrj^,-lil

J) L.tsJ Alt ,*.;":-7 .:lr 4;t? JU;: orr5o:-:j 6/ai4, L L- cctrrSor *:j a,

,r-l) lK-^ 
r?i "!:U a5j .,-,,.1 .*.,1*o r,J,tl.: or_.-i;j Jl.. , Ct+:lUti 45cr?...............1a!,lG

L )  '



;. s34r*

Jti ", .ri;L..l3r-t"a $t5rL:i Jil,; e ,f. (i ,tl a5.:-".."1 s,_l J13;1L*., d;i 6lt JG

.-u5:;ly

)Q -'t *l e-rlL" \ Jt,Jt"--, "r-1:S! ;4 4t tb 6GrLcrl3; py: .:r,;t5

;1 o.:U.:--"1 \ JS t* c, .r1: ,r:aL5r! l: dL:.- "i .ri .:*; ;slg u" 11. ,t)\rs"

-;51535% E zs% tJJ,- b ,j.- G-b\t 6.- dl, f:! .--i ,l-i; ;tly u" )V 6La;Lcrl3;

75% V 50% l, 6:'. a*AZ+ ;.^. j\i-: (y_rtr" ;il , L,^" V"* J:".-,gLojLr'-rly; ;:) orl:

Ellj 4<L -L-o)" o., :F l_s oJ; crLJ+ JL*- JLi;L- Jl,o 6La;L""o13; .:l: ,.i-l;jl

a5 c.-.- I ,--1," ;,...,o ! .J.' J^" ,_/ 4i ;+.t-::., l1; .r+ _.1 ...r L..- a; 1-o a: | : Ji. tS ,) J*.x di;- r-,e t

F-lil .:---! )G ;t-iljr;l .rLa:-"| 1; +b' .rL=.- q Vi .^.*; \ u= >rlr' 6)e )t

28 c-"- jlL e;1J.20% j a:-eJ 24 ,t4li- LSlJl|% )JJ-'- J) ./-L^.ri-l'l .)J,- cl.:.-jtil
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:y-br---------------------------------------------------------------------------�;1 ,:i g;L: t'-V J: Lt j : pK jri a.'. ;tlj: u" ! ,-i .c-"-l .it c9L.: ,).:y )L 6g!

',i dt;1JJ | .:3j rrL"." eT ;-# r. r-,:.:-^..-l ,f^. dr tJ,a .;:a.60 - 80oc

,-ri o1-";: *f jS 1.5L^.J, i!" jl .-,i rL., r,l:1r :s+ t i l, Lrcl.r(- J,-! (-t.;Li Lri15

..>g .li '-^:*t ll:=^ a:--lr;l: *-ltl + ,..-- ;-^.-l "<*. ,*r=-*. o>1r ;lr. .tJ..' (f

;' 3 pK-^..;i JL"r o5 , ,.-. ," a=a t' .'|t :i e $ 52"C trl- :l ;-.e -r"-L; Lo c l-rK:..-
. , J -  \  v . -  r  u t  J  \ J

,Ja. j,2t j osj4 -1oC jl ;^S L?- C;L: af c.-1 -.^"6 ,F:"7oC 6\nt tJ-71.7-27"C

j o:3-.., -18oC 2l ;^S L,--.6Lr a5.:".^"1 ,...--L. g*S^ j;21oc 15Lr..t^i;L fV-. i

c-^-eL-24 crr. 1 ,-lrl-t- ,.,-! &, ,.tS j-tF.jl r', .-Lj,U 30omm ;l ,:J., ,.1 ,-* e--*\;;

,;r: b sr5c;;l: rJ- J-. ,-f\.:i;l -r,-! Cr*t 61oL:1.: .,.:.3*a .r_;j .:J:;l-." ttl"r.:*;-;l

,t,-r.'. b: t J:* 
'+r_f U. uJL;" .:*'l jS-- {;< d/_l .$h C\;;r:-\ 1LJ;l -r-;1

;s;od GlJti J+i c-.el tooc rl;;4-! 69L: +5.:;l: ,zy b-\ J:

t^"Jti Atf ;L;l Jri pY ,)t-j ,!lu

cgl.") q j<:...-' ,,-:Jb dr-sjli;l ,+ ljY c-.,eG." -S ,-&- *. gt 6ly. gr) oLr

,,*,5 c"c r--- Jt ) ).-"4 6l.jF^ r: a.(-_l c.^.- I gt".. 6 +1 .)Jlr s,..,1 J^.t Up ;; j L.-,.

.t,,! ;;i_P -t,-! L^+ti o:rS;t;l , ,."*. .'rLj c;r. _e 4U_r" ";-a15o-i; a-, ;:, .:-3t-i"

Jstz .s-l y-:LL a5c^;l) 4?;; J,-ti .)t Jls1 L-.a! ctl;,.e X'ol-r,_l l2 12 Jjtq y-:li-

..:....,,1 l.-",^"L, OU_r- -t..a ilL."- \t Jt .-,,f t - L: *. GU &

,r*J,t:;,-, J:5c-b I (.rr!3rt oL"=^-" _l ",,!f ot-*--) -trJE-" 6tar.tL"-, ))jn:>

.)J^J Jlt Ss l-t Jj Jy-g y-:G" -r,-L cGctl..- 311 ;s c*"jli-

,,1 Y



.r. s-rl\ ',J'c

€1 cbJ;e,J1^+1, diJS;L dL; -Y-1 J-r'ta

J1., ,.rrr5jL jl jr ol-j #lJ.-

i* g!- eu"

6;Lr r,.) toC 7"C 16oC

Q5 )A O- ,--4 )

J t i r l' g

?no- -t --::-
T +  I U

r,.i ;- ^iU , <LaJU

, < L - o i  r  ' l  o r

100
" '  t+10 -tS: ? ) J )  | l-aJl: -,5,-Jl;

250
i ' t+fr -,-l-, \0 i j r \ ' .e La; *5,. Il!

LaaJl.r,.,-j <^-l?-ia

300), TIT' ) j )  1 \ ) J )  \ \ '16 i c-.*"? r

i (. t L -



cig efro s b.dtP

(durability of concrete) ,f. ( g.QQ 1lj.:

isi 1l 6sl>y.org. aJ' JJL st l2 uz;V j.. J'l:t 111.;t c;,e-9li-e 6l; ;:.' *'-lil5:

:j l -LiJle C* Glt'P ,bt:t U-Jfi ' .bb.S...i q13:

!3,,o r:L-;l ca'r,a cuL_L:6J.t,Jrty (

.crl+,- .l-l"b ":-SlJ Lo'f 6lggr cLo-r-,_lr5cLo;-,LcJj,- :g_W ,_hly (f

.Ji\r/ bu-r-: |,o,Kr,.:L-L.J1b-,r Ji 6r14N:.r): c.,l pllr i iJe J.-l J"G

cc;;l.: .t--ol3; ;iU :o,ti gly.:1: cJ-,;lr;L oi 6J-r)-rr-.,: aiiii ;l u.clr; ;r.,-ly.la

.Wi ,r- o;l.r:13 (Fbr) )V 6tst;; F f.- .r-"

:rl *rrl..c;p,-pL;r: ;h J'l:'

.,..:",-l _;+ Fl; (-t*.i,t -/) I.a c^"-- Cr-l t.r3 y' {wlc) 3t----' * .'i,t*; 7l

tr: o):j-r. L. L ;Jt- c5t^JL"-,, ;l o:G:-.,| J dL:-:!o lrrt )t ;4t".-, Er: t? (

)-f d 6J-+t3'oi,Fl53 ;r,io.: r..;'e c-;t rt"71l c*L.4;zlKoai .r!t-

U- d-l)l ,t-r*-L.r+ gglorJ5l-9 ,&.€* otrji )^-" O:ye t):J*.lt+ b.t) (f

6jtr:<rl r., J;l is: u tt'V j*;-" 6a 1l :-.sl.r." f & .*t-.,, ,Ftf "i;".,li;;-9 .:r5

i\ t\



. : , : i J . :5 :

.3J--Lr" e. r"b a..^-btr .|-J; ",i_l;l t-^rU

)yLl #J;;.t-,-li le..e! +lr1:,-ri;;r,i lrn iif ;6U f|;:{F fr

, f 'G;\SU 4\' a+:;J -r) ,5+-,)L".:JL-;: ,* J"trSj lir-\ .t{,*^{j @

.)J--./ .t-l tS 1,.-4t * :"'-l;l

g;' L Lac>63". uSQ

SVLet^z;'-.) 51-;: c1-r;.,-, crl-nJf J g,-x- !6y- -uL crlJr.- a;!11 .:!f;

fr; ^-9 u"K-a.J's-csu c*;L Loa-:l.rK:--^" jl rr*.;r-9 la)\.*;GtL5r -il(r.-1

;,) ;i r,-r.,,y ,,-i 1l crlrJ;,.,, 150 mg,{iter Jrl-*. r,ifi--;r 0.1% jl -4., J_}^. sgLocrl-olr".-

;:2000n:gr4iter J:L-. r,,51- 1: crtj,J*o.S% )l G* ^. f :; ;t_l Jl ::;lr llj *t .*r*

pQ-:l '.-;r51y rr- ), ,;"-rL j.: a, Loc;lJy"- .rr, .rol3; I-s -,k l4i +t bt :i

: -L:-a r .,."

.-ul!,-r {.<"*' !y.-+ r, fo--.r--l;1 .r-1 )yc/ J.G F Jl; f u^7- u:'-l;l

y tt ., , :l ! .lr-- y oJ-.; J: i Gtu J r:-"yG,. ":^15 e-! ,?u)g y! ", u::ilj al

.6.f .1,.. ;l*--, LJG 15y",_# rl, if --t+;) cor; r1-?-?.1 d;ta.5y

ettringite !_l lt -, orl.: pl+;l 6 u:.SlJ;,lLo.:tdr"-;L;:CaA U LootJr,.- u:5l3 (Y

..:^-l J_"1 _, 
u -Sl:jl-'lJ,_ri 5l-" j,-l iE .tiy,f l.ll e.^-.-- 'i-lil r:-"cU

la.>Ej-, ,S|e jt6;14 ,sL^ntt

.-l eh- (Y .r-"a-"" -Ur- 
lt:;ls;- 

(\ :jlJuiJLe Lo;rt,iJ_"- J,;Sl3 g i'a-o vt3e

Ftr ,tlg J si*)tL 9i,rt-; (f .,ils." Jr-o; r> ri;l*; J tszsa s;*jtL



ir. q\r' e\so.\-

Fd}! c.JJ(o ."+';r Js-i (f ..J\t

.c-.-l A ,j.L-;l o:Li:--",l o-liti'"b t-6J (l*i; ':t a-, Loc'tl-.9'- 'l+-J CU Altt il

;.".-1 ,-ri lr.',b ,t\a:i a$'- 1.,^: 
aS u'-\ar;o t> u:-S\j ..:-''u a5t:'^'-l oJ-; oJ-oL-i:-o

,1,-1- caL^rly-r ,La3yi.l-og'-; J) ,t-Dq'>-,1lr r=1; ;:\K'l c-.p1a5c"-1 .Jv :t ;^s

1-ocrt-cJr.^, -ht ,rr2) Q..j 3 Loov*-lli il ;4;."j ! .r"Li i ,s'' 6GJ1:3

.,..:..-l LootJy.-- JIJ i c-!tt--' cl-rT f Cl*'*Lt*-- t;'" c*!'5'-r',-)l'r-)li

,jr.€*orryi rl-"o , fl;, d'U* 
a, "i c-*; '\t 'lL"- -tV "f:Lj ':-E;

,Jt*=- jl orLi:.,I t, -;;*. ,&-1..r::.."o g5y--r"-i -* Jt-,-li it*t'.|,l-:" a-J#' ol; a::i*'-'r

.-r-i -rrl_;+ c.,.-*.,>\A j-. l^;

.'(-Alkali-Silicate reaction) .tt*Jf' - 
CW 6$b

)t )-try;-L|j Otor3-- L tocl.r(''" )) )J-Jn JL"t-l ,/.J"-:1-* ;'' ,i513

- 
.t-l=E J; .1-Ss a. f u:slr u..\.:;l: ;L c,lK{- aW ;'sl: ''rJu-e ''rL1'-

.f--l5i-:r.- 
'vt^u 

;r-.-/-W .rL .>-f L./.il -r: g-'- ,i"-lil "! 3 o-u:i c-'15*!""

61-s-r"Jl 6!1:'!y."-'. r-t:b,a JLr- 'rJy gt t d-, -,E gL- rl;'" ':;1': ,*-r" 
t- f*b'

o1;,5, Lorllsb--l {*--l aa aqJ-' ! '-u':!.r Nazo J:L' 15% \t 0'2% o;lJ.,l + .,'-L!

,St<-)=c9!a c,-:3 'r-'' ar-1 
'iJ'"'^" 

J:;S u' >sJ-* Q'6% a't b 'itt'- )t t jz'r'o tS L^;-LE

-,L; :1--l c.^.-l dJS-..,;;l.rii, ;*"-a i! ;!t -,L" ! ;-G;p rr g): '':''-l ;\S u:':Slj 1l

rJ;L3kg :l;^S,p:"'*f ;1-rr L^.rl-t"b )\J';' jKlaSc''".,l o:1': '-rL.i l^r-"l;t ''t5

:rl .srt^c crq- - 
a-Ltr ,:513;: ;:" ,hl:'.:l': 'ral;; 63t t;slj

.oL"- -'!" J dL:- t, J.S rl;* ;1rL (\

r;a csLoj:3jl-uL c't'-,1.r,, ;1 Flt *. -6-t 6La'!;l 6;"LE .9b4Je-llrl.. (Y



iF..sl,t*

. ;;f F l, I eD rr<^r 15 ta JJL" L- L;.r =-i )F J .(.; ! " rri 6 1a o: l.rK:.-"

.;:, g;GclJ<j.- )t )f Ja Jt " ,rt E rly, O:3, Jtr .Jlj+,3 :|.^,l i;lri, (\"

.".,t ott" bry o-3b2,, (Y

-L"'-" g5Lr (0

.rlSJ* - el.U F$ jt ,s-J_h 6Lasist
Nazo J:L" 0.6% jlr;Ja, crL.-, r., b.,,_!E JlrL uj.6l5(l

.r-i;b o"r."i c.*.-b L_1r ./i 4)t €\f )l a5.r,_1-oa;l-rK:_- cgli:*i (y
, 4 7 ,

.djlJ5j^l o:\-ru S j\S:y..:lr, U,tL=- orr5l3J;"-. 1f

L- "<^i 3.t--ZOn C20% tJJ> d:-rs Lj;*. cd:3., g!;L^=il y i-rt(.,I c:y,a 2> (y

.r)-. GJ.a, a;lJ<:.." ̂ '. f-.: JLo-;4ilJ<-."

.s..r" rsss'-<*s tj>i a13.,o 1: la; ,51; a-l o* t; ;;;l I e<),5;; 1O

(Jt*bf ) ,*. I u,S +Stae: u:Sfu
iF di Jftl) i1'JJI3�;.ls^ st t-trs^gr-r5.r*Jl6: "p_lyl- re.^.-l FI;-:" 6lorL,;r

at:p +.rlr r,ol3-- 6:_t 1JS 
t S:,,{":.f-S{*SlcA, Cr* u:SlJ;a .f-1.:2:.l:5

::l; r-li-L; J) OJrc *.I, u:.51j U-l olJt Lr"..:L.rb

Ca(OH)2+COz --> CaCo:+HzO

)l t": ts.-g ii-i pH c.r:3- )L e,rL +5,- *.1 
C=S.t-*5y;{^ ,r.jGs^o Jr_

;l a;S t"-Sl6r aSc^;l.r o?i -r,_!.J*-"J _ralJFg;lr:Ja.,pHrl-rL;e.!.f5ur*!rt

,r+,f- lr a-., _9 o$-t.; U f *' :t :;o;a-,L,r5 a"p ;; rJ5.r.c jF.Ji 
;F l) +. ;rt 7L._

t u:.51 ;,_l 1r oJ5;.5; &G S t s-,,; a:." 15 ;i F _rr ;-ri .:.u: ;l a:i, d, J > il uf



lF. qb: 3 \n,.'l;

-:: .rlrQ c-uil oLi;l $l-f els^ jl l,gtl^oJi.-;.: t6;o3*-,L,t'.F 13 ..:.-l a;! J+I;;

llr.l-al3F;.f:1 .-rl L oJ; 
$;l i,1

& J;lt al ta4lf 3je

,lrii, .-r.:;l: YL rH ,-rl; , t G- br);r c9-l_.r JLir* a,-y ory a. ,l u,-l:lgL^_,,_lrl5
a-- _;l G-r,_p.srl.: r)3,i ! ,_rLi tr Jrrl*" rH t j<:..*, Jrr- er 6119;) -r,_l,.ls

coJ56;*.; Gtstl ol-yu o: di t o-tj arL;l 
a=*5-r,- f ;l:t;r; n ,i ):ls J,.t C-

::i 4-,J d. j r.Jij^tue o.r,;L a-.1i dp csG.L gp, A:toL^.-r;: 6 eu6h,-(-;;l
it)t r-+SL L5L^di tt F 6c-.-YL JL; L;r 9i1r.r,-lr15q9u,A_t-f4o11"..U_rr

ut'l; c(=3,j4--JJr .Srf t* c.^-Lorr;Lri 6j_1 Jajtl-,.a?);lJ:-:." t56:L,6,"c

.$u,-/ 6V t &. "l-l:;r .i,_lr.lSL5rlrL ,\ t ,r.r,. Jlp

(steel corrosion) S*. rl-l:.rt rYg Jrrf
:;l*;r!c ilg jyj- -t, ih,ll_*

72.8 t1J> )t ?J- d1'1PH) dyJ5+.Sld.: :3.0; aaprr 10.5 :y,t-;lpH J-r"i !C_U (\

;x:3*.. .ctrlt LSLarJ<L a9j, ).iul-,. J Jl^r* i_j Crr, a.;l a_r4:;r: .(s!cf

a-,-Y;;:, dri jl a.c! -v:rj,_/ rlri crryt *, t t+itt+-,,rJ dp J*l) 4.i LoJ,_L5irj

I)y- ,f>::- u-slj p.r.- -9 )"3V.

,-i 1a3;t )ra_r (y

rYe Jt:r f-FrK"
,e: Oi ;,-, '&_;Sl !L_5 :l-.,-l c-! .J:rfll d,- rt--l:;: ;L-,a; * s: :rs

, \ \



;. ai$-6

), G-r. iy:;l ,r: Jsc."..,l ,i:r :) 6trE ;Jr k'Yr* r!; afu-l l.'>s-.s"

i'-ri'!l:r.r+; "-ui .-.5; "-a" ' :  i
L ,utSrl .-u rlli 1oH; -r-*f3rr-a JL^Jy- U c-li ,l

\,3-t u-hjlj oJ; at Jt:rSt : gz,- bt;l e-eL aS J'SL." !," <"ei .(-,l

aS "lsta )t J ty -/ €v -7"

oJ^; )rjl he"' i,al 6l-alJ_f- J.J

13Ln.ui 3 G..uL(rL--i t'-.r.t ,ii -,cL; tL;;;: lly -d;

..}K-;;U" S.f Ju.!;rKJl bl-yn ̂:s\J in e

t\ 3.t "$t;j- o51J 
- \ -\ \ JS-i

6'\1i 'yU,\

J+ (Y .r:! 5-:; Y.5rtrSt1t ::ir;t

Fe - 2e -> vez+ ,g l:i u:;S I j

2IJzO*Oz+4e-+ 4OH- 6J|IS u:.SlJ

ZFe+zIJzO+Oz n 2Fe(AH)z

2Fe(oH)z oz,Hzo- 2Fe(oH): * Fez os.nHzo (,212a? g-'--.ts"-lrl) ,>^T &:

- , i , 7 4 / ' '
GsJf cfJFl J^o Stt yl )jp:-, ;39..a i aPl .\,j J:5.jr J! dir I )i?J

$loli'.j dLajl ,-5tt- r;l_y ;,-l ;: ;.,-lyl- cc...-l

t \  "  " / ' r . ' '

i."



;.si lF

st j * .ry:;l >szs Js c...."1 ;;, t) d: ,Q ;! k; )-t* :)y ai-l \ .r-s-- g

aS ;ss*, :t J tJ--.i^ LivJ' i5l,o-ui j 1-o'l;l5rL.-1 t-'et ,ii i.-r'L;" !li::: :)y cly

o.u rlliFe2+ ;r^i a;L"o3r-rr;.j<;;tt" S.e J*.-J-rFl Jl_rn ot-r;!y-'l ,-tt
'i

;--ol -r-J-9r-r--o 3 or.; ,-J; ,'-o L -t;15;l o-L; :l1l 1OU.1' -t.^53r-t=a JL^d-r,- ! r-11 1l

\ F-t *-h;13 ori c.: Jt:rSt: g+- ll',,,1 e-^-el 6 rr-5.r" !-r tcei &;l

.sK.r" 'oi ,>-j\;. il rfJ.-,"tD ".^tS

"\y "!ty- r::( ly -t- l  I ;$:

5:); ,;Lri

Fe -2e -> rez+ 6s1 u:Slj

2HzO+Oz+4e -+ 4OH- g-uLf.r.5ly

2Fe(oH)z oz'Hzo- 2Fe(oFI)a + Fez os.nHzo (J.lJ.? €,-.,_f""ltl) ,yi &t

GsJse.!,,-nl J-. SG?i trs u -oi i;p\ &j.j"<.-r 6ty i:;.*Sl:j7j

a.i (y .-l.; ! .(-.= 
'y-5,* 

Jl 1t :.:1:l!t -r"1r; 6Wl uS>:r.:113,, ;,_1 ;.: er_lyL, r,.-..-l

L l ^

v .,."

l '



ir.. q\l: 5 b.r'.\;

\

,Jtt- J;S,t o-r5;".^;.|.1;'o.c.".-lr6i.r;*S1-r;S J:a :--u:,! LFl.i-i ! y-15

qgLAo-bdr--i-,r .:.Lc a,:"a 1, .ati i,-y ""Ain , >\g 6s:ci i-I c--l;;jl s:!o

oJ-i o:1.: c-rl3p c -^.-".o1 d;:U 6L^:J<L 6ss ,-r.. '*;9 ,,--8..> J C;1 c"*i;f! atf

.d.*"rl

"Ye ,-5':r:t,s/k 6h;s:
dr.1q dL.-" a,.-ri,:*; \;)a)*:.;r-l a,..ti c..,"1'r:y i! ! c* o.:r5y-{br;* (\

.ryLr" g!;l ;)/ eJ. d.i J .j) ! oi 13;rji 5.. j a:ity _2lS a.,.

.;;1 ,JL^"f,. 6s: SS dt;-*i ,;;e:l ":U:-l'1i LJp. 6il-tJL* l-! rl ..:U:-,1 (y

otQ 6ss !L*";1: 4tolJr;- -t-; g;La.<-.i )) )J> j^ agLol_lJ5iyr; :l Atsjz Sll

.:3;.r.l o.Lj!

.oStl uS:-,\ rly [-_e.;trJK.:)] d), JE L,J4j..;t rYi j.:r5a.Jyrr-l(l

.! &-.:.-!L to-r,_lrl5ir;;rt-- 6 &U-,tLj.-;.. u-Sel F:t\:!;;l ":U:*l

b Crt "r ,1' j<:-Ja_sl 6;2ls;- u-Sr4l ,Fu jl o:l;--".1 a:Jl .,.:."..,1 os ctl:j J-

A:Sf lKr- Jr+*-- ..*ilr a3y ..-ri 1 -r,-! *:i ,.rt c,q.-L.. ;: a5.r-o:.r, ;ot5

.r-,_i J--, + G;e Jl_l j<:^ <; :l ,s&_)z 6lr; "iL{,_a: -r,_L hrr;Lri

.-Li, -,.aijt o:1: 5:r,l a-"1.:11: a5(6-rol5clb) .*t -*l Jt(}l c*blj-- ,:.s: (\

gjs oJ-; Et+:l c;Lo.r.-tX .rJ:Yp 6lor3;L1i 6s: ,p."-,_! c.-l;; ,"i1il (A

a., Lorr;Lri 6s: G?,-;;9- c-*\;,ar;13,.;l ,Jr1--.r; +5c..-,1 .ri, ,* :4 cjLoojL

,.:L:r d69! .c-..-l ,-ri oJ; ei**re;l-r,c";l ;3 tr-r G;-r.s )s;c* Jr"S A:. -,*

J ?F c-:i.tt ; l5,- i 6 "si orL:l 4:<i ;11 a.., c....-l ,;S C+ r::..-i;r,, ,.:=.rl r,rrlr

JL,- tzS fr-L." 4i 30mm .ir--i;y : JL to ,.i-l-" ! $lir/ 10mm ,.i9 r,oJ; c^bil.*,

..rirL._l .:Yi crryl*-, _, ;;.t J:1, a, ;",-,,Ss"Jl6: :j,ti y.lrlrr c-l;t-"

\ \



.r..5j49*

(Cathodic proreecrion) ag"StSt:J;tiz. Q 4tp,; j;g3l c.bLb .;St

L# + r: r!;-i J*il:., 45Jid" ;r."-,": ,u-rV 
C* 4;l crL-r.= ,-r:l: _.lr,.c

;l :!y )5 6*Ju Lgla$i 3 Losl5j o-r-,i;.: -ut5c-, )_f | ,t *-, gl_-. a3"r tr .s!

xstu" tc

t"r3r/ 16:l c,rn y.: + gl-i;Lfc*bU>

,g-;;*.Jt idl^jul ; l  orG:.- l  J: i l" . ' (Sacri f icialanodes) oeJ_.,,X11 6Laail l  c,:L;r-, t  ql
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;!: c-,;lt': t-j; J;-S

t 4  t 4o K a, 015 crr Ui ,h-.- -;- J;5

.i_2Ua, ..r,9-t,r'J+)-,+e J+"jL=i. .-i+i J;S

-r jFrr,r- iL=..."., L- ,t:*;l: \.ts1.,_l tE -;-r^ ,S-V c--jli- c"t-lr* +.1:l ;:
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= 0.5 csi-i;l) 4-i -L-li .)-yL/ J-,Jt = 0.5 jL=- q.:l c....;
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affi ,- .,1 o.rj a....-1--,'>U oS;.r^ *<V.:*yG'. \ )U*X r'rt .r;-ar -rr--r->

J-el-r.-- ;l) ;,: ely: GU jQ -6lt- rlIL ,l o-r.,i .:,.--r, E 
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;l .,,...............�,i - tr;" qA:--S-; * J 4:--<i ) .rjt.-aL; 
f_; j I c*i;;: j y, 6Is *l ;K:-, J I

; S; ,-/ ;.r,: ,r; 
'oL,.t,

) 1
W=-1 Wc + -j- W-

J J
j2 1 c^i2> sgl-ocl.rKr-" ! :*-"b .ri _.21-r-i, wi 3 w"

cl-rKr-- tli a; ,.:.--"Laa;lKt^' )S a'.-UtJ,. (Y-A) J;trtr oJ; ua;.:-t ul.tK:-- p:

.;:* .r,-1rt51r li;b ao":;rr3:;l.r 6i-L.' Lf p *-* UdjlJ<i-- 6jly1.r.c.*i1r

.c*,| a:i, )S 4. J) ailJ<:"- Sll? r**r- aic^.-,| "!.: ;"".o at j c,..,,1

:tt-d lt"J1 
,Lib;,1;l "r l-o:-,1 l i(C).,L=-,_,L'a- $

Y-A J:1-r-=;r a"b;,."j oJ; ua;,:.e,Jrlo -l (550 kg/m3) ,slt- ,\tL ! -r,_1r _,!, .rl

J:-ta jl .;j* JIL r"ljL JJq;l$,;1 ,:.5 ;r, 
.\-,. )lJ;, ;1.::j +"--LL y-A -t

-5|.t_y.-LAlF qi-t^ OKt* rtt;.3l .*O a;r., c.-.3G."w7b;-l51., a>.J;)3 oJ;.-.,l-*J|

.Ji aat ;4 r:.-"jl-i.. ay,a g-l 2> iJjL o.r-i r5! r5l-r- r[L jl ;-:* c/!-.t-." JlrL

L, 
q,Jt^:.- (i:: ";lt4;.t-L3 rll-r.i Gli,-a ;al>2jt a:\K:.- j o"l; ,-r1-. l .,,-Lls!

.r;; o.:l: Ga:l.rK:-- rt-.,l3

C*"*.-rl glj-' 6..-a.' ,9\ BS 81i0 *U;.,--i L,p -r-l J;-re

*.* &-trt -Slt-

ilq-,

WC

,Jt dt =- Jqt #r-b

:-r.., I a-,l"rK;

40mm 20mm 14mm 10mm

#ro
r:.,oy G,.

(MPa)

0.80 150 180 200 220 20

L- j;- 0.65 u5 n5 295 315 30

-!-L.i 0.60 270 300 320 340 J)

-lJri l; 0.55 295 3Z) 345 365 J )

-t-,_ -t-: ":lJlg j 0.50 320 350 370 390 1 <
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,'yJ J' 1 ..>\ Z J'
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&. slt BS811o +"lj;aj L,p -f-L J;4

L-.^" L'l-t
\ 2  -  - J (mrn);;;L;i 6st ,.p 6.--l u:;r,

l -
25 20 2n 20 20

L- j;- 35 30 25 20

-,.J-Lj 40 30 25

-t, -Ui lj 50 40 30

-t-'--t*:: ":UlL9t 60 50

wlc flt- 0.65 0.60 0.55 0.50 0-45

.rL* ,Lc . El-t-- 275 300 325 350 400

(MPa) ;p c-"yl-c.. Jil-t> 30 35 40 4-) 50

:.:2;1)u,el s_;:-:r-,,, a1.:L:-_,Lp J-_: ,gG,;l-t lrg\".c-l20mm 4itJ-l- ' - r:ll-b- 6lsJ94a-le)t.

10mnr: +40 kg 14mm: +20kg 40mm: -30kg (Jt iu/).

.'' t 7J|530o )k ,lrtr.,- "+, .'-+ ar: tstt o

sL:,. -h!li .i.!f

.>21* tj-j C?1,{-, .5lt !,r"1;_,:L-;l r,:"31-;r,,,al+.";_!r- J-.tr d Ln!

.:-;1.:;tj dU* u^K: +.*: ef .ss 32.:L-,32,

:l; t-.--tu:L^:l 3 :-.:L:., o-ui ,5.-:-t Jj_l _r,__r; b4 : --bt ef )) J:J.:r)-r-:,

..:_,21r;lrJ J,--Li )1.-';l 11 .1r-^ '-<*_: s o-l.:1.s;.:1*,_L .tort5; f )t &:,L_.t .ji

S -:tz a=b t4;j7 6s**l -i r'.*L;; J-Us,s+c!_r^i u:;-L,j df )) :,t ,fi o:t Jls4;
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G,.iiJ..- oaf )r.ri d!ACI 3i8-83 +"1,;--i i"-_Lj - 0-A J-i-t+

,:::,, lj'41,:l Jlyu"l, G:* 
'ult1--Jlrl 

6Jk..,, 1,-ri,ltlu..frj lr.*" ! (y

: )J".J

V ( m 3 ; = 1 -

cit =- u-r.a;- dj: = 3150kgim 3 r' iocl-rKr..* ,F tt:: -e t1-ocl.r(:.^, f''-- 
= V

ca:-,S,;r"i: a;lJ-(;.- ucg bjsy^ - 2600kg.im 3 ,ui uo j,,o;,. Jjly u = 1000 kg/m 3

.r:.-<j ulK:.- Lf_p AjSy^ - 2700kglm3

Lacl-rK:- u- Jg,- rt2.-f ! (Y-A);1.:_;,.;;l i-tlgu+ og iJolr;t .rt".,, l6V *.

l, l-ocl-rK:- dj3 rdL1, J ?i JjJ drt'i5! j os..j-l '.:^-,-r., L j Cp. JK< {z.i L 2.6)

C W
3150 

- 
1000

A ( K g / m ' ) - Y X y u

\-) \-Q 
)r,,.D>.2 

rJ | |.,-atA,-i:l;.

i
O L>jJ rJ,> j.tr (U I JJ

G,z / ' )

I:L:LJ;-..r1r""

,,ui s" rj-9u

.t;J- y., .:*-5

(ppm)

; t j -

€.:.-

wc

' t>u 0.00-0.10 0-150 ol "iJ:

l -

( t J  ] J  l J l ,

0.10-0.20 150-1500 L .'. i) ci o--- rT g-:

,sl"t!r- at"'-

0.50

0.20-2.00 1500-10000 0.45

-1.,$ i; > 2.Q0 > 10000 . - tY: j , tq" l r^ r0 !o 0.45

.l\

-J I ql L...-", -\.,,



.a
.a

.t
q
Jr

\

$
't

I
9.
\

' \

u
d

J'

i Gl ,-e-r* clj: ir-- -Y-A llJ;

100 12() 140 '�r60 180 200 220 240 260

+-* r J.({-)S '--t&J ib

gGrl:y; ;l ;*-:l orU:.-l L '.(*l- 
s t)--) t) j c-i;) c;l-ncl.r(-- Jl-rL o*r, (O

gGcl.rK;--";l J.e): *2. a*.,-l ;;;l: L3 c*;rr dt^ajlJ<.- J..?Fl-r>., a:.-,,(\"-A)

Vw/C .- : *. .J)J IJL L J (15,40,60,80,100 u:>,-.e "l--1: :l.r.cl) -r5..r";;*N0.:0 ,5ll;l ,_r

\.t_y,.,_f iri.,, C-E )J^. jl Lacl.rK:.- ,F + t d;lsclJ<r.^" ,1ljj Lal: r,pl 2j-,.;

.c--l ;,*,; "!6 y, J criJ) 6Ga,l.iK.-" djy e*: g,-l i;;lr

ffi

\ " "



.r,..si}e(

a
-
3
9

3
l

A

;

b

C)
o
O
3

C/.) ;,-; r;td- c.*;

0 6  B  3  E  8  g  S  g
. " .

' t  \

cn

cJ.)
o

o
3
3

\

o')
O

+ \ r
(t

I \

i!

i.'i

N

.'-

\ \

\
('l

I \

;

t

i-r.
(--

r
l '

rn
I

. t

L .
I

I

E-
)

3
3

\
\

a) c o o ) F

\ \ \ )

\

$

-

. ( ) ,
t

. t b
r'

. t v

t. i,

A

\ -  r



(l);,; cl.rli- c., :

i.J

f.

I t
t

E
r
;

t -

--v\

L .

I
<
I

t
9-

a
C

3
:

?
O
3
l

?
(l)

o
3
3

(,

?
O)
o
l
l

o)

()

l
f

CD O) A (tl

o

I
N)

9
5

I
O)

I

I
N

I
A

q
o)

I

p
N

o

I
CD

p

o
N

9
.A

p
ci)

I
@

, |

,c

l '

P A ! ! a l c D( J L J ( J O O O
N]

o
\  \ I  \ I
(J) .l>
( ] o ( n

\  \  l \

o

oo
\ l

(tl
\

\ L, 'o'�
\ o  o

) "  r



-* s;9\.S

(/.);,..1 cl.r3i- c-, ;

g)
C

l
]-

;
-
o
3
l

\:, I

Y

L
t x

t
Y

r  l -

(!\ h
O L

o) l '' g
I

t : '
- r

I
4
t _
>

!_

t .

\

i\ \ 5
(Jl

@
o
I

O)

o
3
3

: - \  r '  \ r  \
n \  O )  $ .
5 \ o  o  6
- ,  

\ { \  N

Co

t \

o
N)

o
A

9
o

a)
b

r-)
o \ r-t .') (']

\
co

\ q \

9
N

o
+

()

o)

, t  -

.e

r, ;')
' t
t- ' o

s

o
o)

-)

9

O
N

O
O)

p

\ \ '

q\\
O)
o

F
O ( '

\  l \

\  
" \



.tb:? &. cslt -b\--l g:b i ota>l-,al

7-h :t l: crl-)tal L)sits" & JKa j iej?-,r:.15c--! 1-r^.:!- ss-s bsz

,lr:!- di *i-\^ a<V,.:.-,jli-o = f16

Cri dl3a u+=-> La;: =a

(kg /m3) j .JL;r 11:.:L' ,? o?,@ ajj = lc,ait

(kg / m3; Jt -. t ,:.. ,e y* J)s =y"

(2.6 - z.i) airJ(..*.r.*; lt(u = no,

; o:-1. *-,-(,- 1r ;lr.-.,L- ,t 6G d-blsJlaL (Y ) J:.r+ 1l o:lc-"l CJ. ;r-?"a

.Gy. ,.5.-,E:;1 0-10mm :.-y.^"1 r10-30mm :*.)L-l ,Jl- f 
')L.,) 

t> j; u, .-r\;,::l

I Jt-,

: L.-* Jr5a;l_.1|r dt1 !t :.-tij j33 MPa;Li ssy oj_e;23 a-a;;a c-^jt;. Jl

lJ ,Sl-b y) c:V;le ! b C't (o = 6 MPa) -uiL otf a, 015.,1G:

o:lKt., c10mm o;l-t"l -5loL a;-S-t*,- r,rr a;l.K;--. ,J:n --rJ;y:,:L-.- pl
l lth-^n q:-" *"^" L--1r,1 i10-30mnr :-.4-^,1 N0.30 -<Jl il es*90E, L a:-"5):* j.:

35mm lo ' ;L ,i , ( c , -:i .i-; .J
J  V J J  C ,  .  \ J  J .

rL+ "l'rt-t--- j0.6 ,1l2wlc ,:Sls- h.-i. ;h-^-- L,-l.r- Aly. (f-A) Jy.rr rl :"f-

550 kg/m3 tlJ .JL""- tV ;Slb 1,.€d ..:3,., J,6l-'- 300 + 40 = 340 kgm3 Jt JL".,,

.  _  f .  +  7 .640.''" - -T6'.65il

Tc,air = Tc - 10 Xa XRDa

t '  t

.-u!.r



;r-. s3!:*

+:ltK'...- Slt;i: ojs:B c.nj\-" 1w/c= 0.5 c,.*: q (\-A) J:.r+ jl (\ iL-J.

,>5"V c--31-i-. ,K-t;):l .t:\g42MPa 1lj. Jr".- *ti uU* J ^L-5;;*

;l o*stt* Lrjr. (\ -A) 
;1s3,; 6Js i.fm=33+1.64 (6) = 4Z MPa L c-.-lJt J-t^

6lr-. 7",-t-" wlc slti- u"---, ;r1l 6S-t )l So)t'g.."t !tcu = 42MPa jwlc=O.S jL;',

)ye.rL;;l3 l:.^.-l;L-, s- r> oS si *'.'-',;*.wlc=0.4n .fSC g=.r,,; l, fcu=43Mpu

Jlr;" 10-30mm :^")t-.1 r a:-*('t* 3 10mm lt.rK.^" dlJ (y-A) J:-r+ jl (y iL-r"

jL.. i::-r-,., r: +5 t80 + 0.49 - 367 - 370 kg/m3 L: c-,.,-l ,,.1r,. oL=- _,!r (l Lr"

.(340 jl -;+ 3 sso ,lr;5) c...-1

"jlK:-- 6;lyz.e /lt ssD ,r- ,-)K- J"-S -h;: L (Y-A) ll:e;11 (Y '^J--x

djJ q+ J) 4380 kg/m3 ! c-"-.-l ,'lr' ;r1 e,p rlj3 c180 tg/m3 .-rirl-te. J ar-*<'t*

2380 - 370 -180 = 1830 fg/m3 ! c....,,lrrlr., cl.i-C..^, ,.1S

90% +-t ̂ .-* \ j wlc = 0.49 L 10-30mm "*y.-l 13! (\ -f-A) 
;l.:;"; 1l (0 iLr"

0.30 tll o:ltK:.-' f a, cb 1l, s-:. ;lr;i; ,jt3 )_p )l No30 dJl jl ail)J) 6)p

(cl: y;) a-"1' blj:1830 x 0.30 = 549 kg/m3

(clr c^;;r) ,:; J)s = 1830 x 0.70 - 1281. k1lm3

:r3r -blf Jj q j 1 ; !1=t C) -r-,

JL--- = 370 kdm3

.-.i = 180 kg/m3

;r; = lDA1 kglm3

+-L = 549 k9m3
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L. _j 25MPa i c ' 2 8 .:-:LL" ! ,k,LJ,-- .r,-r-: ,l;

ii. tlJ L)

f JI-,

tJ. J zr\vfta ojJ) 26 C*r3 t-c_"c ! , \S, UJ-- JJ-fi Jl2; Lf )p ), OJ1._ l.lri CU ,.t:

.il ;l a-.,,,L 50Vo j ot3-t 40mm a--i .gl-acl,r J* Fl-l- .c...-l ;b.:r-rx 100mm :..1_",1

(o = 6Mp),:*.1 oiSa, oKcrr\':\: L-:-.JF! C* 4g.*;:.JS.r, ' j ,.cNo.30

)ru! )Src'lAt"*t;,.Jt^r (0-A) J:-tt &b 46:.J:- J,_J-.i iI"-. c.JL_2r:"!--

.c...-10.45 J.lJ*le -f lt- s

2s+7.64 (6) = 3s Mpa L c.-^"lrlJ d-r^ O&V c^"31.4,

Jv c = O.5A a.' Lgre Lri*i- (\ -A);lrp 
_.,1 .r;!.f fcu = 49 Mpa (\ -l) J-i.rt _rl

21lr-afcu 
= 35 MPa c...Jl; o ! plr- wlc ;:->,;-o ,t_l t;ss .€.f 

ft l: fcu = 49 Mpa

)_f Ll,--'ti;lVc = 0.45 e,,_l ;b cc.--ljl+. -r- :l;er5L),g c..",l,0.65 rJ.t->

-sly C-. g1Y girl-r.ri" 40mm l:-*li ulK:-.3 100mm :.."y--l ! (y-A) J_r.ra jl

o*; ,:ltK'-^. JS t:: E;i;l: c.--12420 kgtm3 yly CF. JKz (y-A) rbr; ;l
2420 - 455 - 2o5 - 1760 kglm3

.-t.,-1.r",-*.-!205 + 0.45 =455 kg/m3.lL--"_r1"r 4.?JJ)J205 kg/m3 L c^_.,1

.) +^i -!

caal )5 J o-Li; d,t+' 0.35 L,t o;hKr-- JS.r 0...-U r.r1_9 c*; (Y-f-A) rlrr,;;l

Cr* LL(.tJ3 -1760 x 0.35 = 616 kgm3

el." Cf JiJ =1760 x 0.65 = tla,4 Yg^3

(a55 kg/m3 -6_r- -L; dl_t-)

(205 kg/m3 ,:,i)

(1144 kgtu3;r;)

\" c/
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J-r* L..-, ,,,,,,,,,,,,,,,,�.:-" ,.-: rl-9 or" a:;L ,l-l- :-<, Jfu ,. ,-lE ,?.LF dst .f-l ::
il-2::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::# "l:U;S! ! jt,L-r.rF dkrt 4_,1.r*:-" .r-6,_r Ll;.t<4S. 6s:6:l;-S

,=".L-, s s-tlS:\ lJ-r, a...;fil_r- ph-l L "K:;-Lji ;: f;b-,| J3-r., ;,=,u .),r)€

;r" ..r<;b-t "{:-Yl J_sr. ,** -O- \ . , F-i

o

0.3fcu

(Resonance frequency method) +J,:; U;lSj ./.r)

\ f (



;.,. ailF

l:^iL;r f ;) o$ r\--.-,-1 c-'l,L.,y ^:* -&-t *) st; ou ':;1'9 e* a{ 10000H2 ti 100112

.-r,Uj ti ty,-/ort: .;*.^; "r; :lq'11 c-'bL-; ;t5,i 'tJ-c/ 4;j';lt;l Qi a-b Y os

J-P uo!;fE,.i u-l fl.r:ol,rLo;l(;15y c/JdJ*-q) J'\ t''gSJr !-'r;i cJ\-- 45

Jj'^L,:r;l ,(-u,-: ::tyt*y e :3-i o:1: oL:,;p ! u? ocy@" ois sL q ojr;

')j;d a"'^., L'-'

F4--]ru?*p

Ea3 orj.rk=4X10-i5 rJj!kgim3 - JpjI]1II1 t+-'> J.L -Sl a5c"".,l '?-r- &-K

.r"i ra19 !:...r-trGPa - t

,.r5 iL_2-:

(Ultrasonic pulse velocity) jyl; rl,al s,"J:

E)s.l 
,'-^e r f Lry; u" ef ";lt;l ()a )t i)"?lt y':'l'-Sr ':^'ctt ,s''is g-l 2t

:-r,-i.r-' r:"'r'i, A'Qb;lMPa ''.-".,-- J iS--\:'-' J3-r' r'$LV(knVs) 7!

,-:- OL y

- pxv2(1.+A(1-24)E----76--

p=a.18-0 ju u: is s--l-y. "=.-:*
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. ) . J J - \ J J

s> aS sj-;u- a:;L-; 4lV ,ff olj.c a,.JL:o r.: oJ;:L*,-1 ,nf \:*.+t-.f

;: ,-rL; \ ,rr? ua;;:tr=;;, Jfu;: .ril.r, Jtiil JJI JL ,J,- ,: dito% sl^r-*

g^.., I o.u o.:b tJ Li! o;r- i;l &-

,rf 'p-5:ltl.-l -A-\ . eK-:r

X  l U  , i n n

60 80
(;1;) "521jfrL il o- JVi

\ \ " \

, \

. t
" \



s,r-i. t A." i',. .J"\-9t

fr t uJ-? "Fb
: l  i . l  ' .  "  . (  " l), ,t^,u.rr .5 B -rj o -u;; rl;l :--\ -l i- )s-s oS c^K ilr: u" ,-_.--y Jlio ,

:rl urlc ,r. i ,eVl J ,.t )-jl .,;L ..,.A" ,*rl ;*,,Lr J1=l

o-[J ,*. ;,;1caLoir: , jt+ *,tr:l:.:-*:11 -\

*ti G. 6!3ac r: rlri , ,?. jl "rt;: JUrl -y

brl ,, j+ ,:i-l;l-f

.t*L 6GIL:;L;: 63L*,b 6ta,J*,rp rL.-l -f

'it t uK4.,i ua,-& ct^,is:
tr:;ls- obl ;\ tL c-r-t o 1r y .:;1 drtj-{,bl{ Ct J} ,r;-S s, t a*,_l a, a;;, 11

:=L ,;9*-gl JiG_."_b_t-6- .c.^.-,1 ;r5..--;'\"_ra Wi a....-1=.-. elt ,3+:">t fS t-,tr, ctrt
L "K:,-Lji -,: Q-:i 62143; s F ,:s, a;1 !L:-, 

"y.tSgJU-;-i 
! ;* tl ./_L^ojF

,giar:-L;i pl+.:l : G\* c.t- 6ly,rL ,rs-. +ct-. a,L;,'|r.tS .rUo-" l^,p

J-r-oi,........,r l6-tr g=o r-! J;ir.l,-L_: L.ut;- : ,liyri 6tarr:;rS 6r"3";lt:l

,p .f-l:11 .c--; y--t-,ltil rrl3x;:..1r.: _j o)3.r r.i-l-r ,S\* : e-::. L ryyt ,L\.r-:!cr,

\-'i ;t ]-et- eV ^-Jt a5,.:...-l ori {ibl G:2. c-Gryil Loa Lfl}6La+,1;_.i
r.....,r d I Cri- sr.jbr 6t^ut; jl 6:tsi:: JE _r" ": )3,:"._l g:L; ,__,F 6lrlr

tt L-^rs.J; 3,-'-l 3t-; tj jr..-.r;1: ry;15a"-,;i;i 6tn.rL- .:[.,,L_";r a5.rr:.r_,

la-:i;l ".:Lc.--l Sl, : aS c,,..|o ,-:' ajLl Jl-:*Krl s .6.,yi *si ,r.. u*l] 6ls+^l:a.i
)s; a-zl:t t(_riacl zosR-Bz *b;rj s lk^-KlBSSI10:parr2 -berrj *.,Lljtut

\ v \



Qll oy;lSe O+ €lil

(lighr - weight Concrete) S* ,*

L,5=- dt! .r;! r:5 (2a00kg/m3 ry-l,; J r..-" ;p ;l,:i (f p b jJ 6 c:^--l G3.

.:rr;6 r*Llr, 3 c;.L L"/, Lr"alJ. ,:rS 61, a;rL ,.t1t S> * ol_y,t

6L, ;tu -b:t -<.-- ,-rt glgt
.r-y 6u 4:;L..- 2.6 ,1 ,;J ,.-*: JGa ! 4_- d;L^.jlJ<r..- ,l e5,5...^,, d;r (l

ci-.- qgl-aa-;l K:..- ,l .)3-- a=4; €i.-o. L- ,*b .rrL *. llj u,, U 4-, 6tocl_rK:_-

g;tAailJ<i-."11 ..:rr gL;1r;s".- +5j1 y "pJu-:-. S^i 3"_- (r-(l,i)lju4 u*+

.:y pb ,-rl3;.r" ! o-t^i L.,+.: pL=." ;.,^i ,rL._ E ,S-y_"..
L .r, o.lj -rf2-i1 c5ta.-,L-- :l e) e.j-b;: 317 4;t^rrn- rt-.,_l t a5c(.- ;,., (y

.gLopL 6!l:3 ),prl 4j-L (JUJi.-," rt ,.,_1 6f-r ,p:.6l1ut;L:['- G;G jrJ?l

G aerated (u7:;t7

G cellular t p.t-.:" I

\ )  f

t .



ir". 's]it*

O foamed fl:.--05)

O gas concrete (21:;t5;p)

)t-,-/ orLi:.-l gl .-' b)JO.2Va + t p*="J)i.lr;g;l )-.9,.^. ; ;r-l c-;L .51r,

.) +u p J i I r-l.=-o ;l3"rt-.,-l -r Ln, a-l=li L- n--5 #:tJ+ t u;:5l9 J--ti a5
J  g >  - l

te F e 1t t j,> jt 619 |slA.rr5 o:Lr:-l )Pt" Al rJly !-ef "rL '5-1 ;l Jlg u"

Gtstl;l o:t-o:."l \ S J:*,,lr:!- ;ra G1-* dlj"" 4l- :, .S!.r" 65Vo ls 20Vo

.c--,13-6% rJJ-> J) )J.- 6- + Jly-".a-r: :..t l*;-- F ! "LittdU jS=V

r,,:L; .r-_lrK Slt$ ,s3 g4 .c-.-t 300 - 700kg/m3 r,o:Li:-,1 ):-f 4t *e F ;; JKz

jL":;L db f b tr t+"r'; c,--l o3; j!.1y .r:r5 jL- d+E t'1 ct'lj t jl+ J-r+

.:sb 6sK;L rf--"

d; tA ai lJ<-.-" ;l o: l-i:--,l s "-,;�l>,: -, j.- t: aS(no-fines concrete) a,lr;r, ,tj-r" g:, (\"

J jJ )t j< )lz.-l g:' st 29 ;4. )V 6tsU;; E tS.- r-/ a:;-L crL-i_ .r."-.,l ";l.sl L cirs

. r3,' J-a 1y.- Jt .- ;.,;' 1l ,:.5 nn r3-b rJt- ,r-l .,r I .i rf ya*

s e 'S J,i il |<*, .:. pl;l
J . -  J  1  .  9 . L -

1840kg/m3 ;l Oi u,"t z;,-. djJ 4-t(structural light weight concrete) ,gl,JL *,f O

.r--*:i r:^517 Mpa jlt ..ri c-yG, J (1400-1800 ir*) c*+ -;+
a -

i-tjj j7-14MPa );n-. rll ,>-jli- d(masonry light weight concrete) e4 * ,f (

.c...""1500-8oo t<glm3,:i cf F

jA.7-7MPa ),r* Jl c--9LL *5 (isolating light weight concrete)6rKr5,-tt S- A (

\ l \

.c-.*l800kg/m3 il ;^S Ai L)pr,a;-e ojJ



\p\ >r,.:K-l ir. tt\

J.* et Q,telr u.2,".aal;.
J:"-- C-r ! o-..-_LL 2: r;^S uoV;21 J3-r. O

e;35 3 :L2;l ,irb -,, ,i+ r:.-3LL O

s::-",_i Atr) _;;.1,.: ̂yG, 3

Jr"-";;.:,;lr::Li Jtf d:-. j J*3 G

Jt-'- 6:'.;l ;uS u!:--X.J Lr-Jc.-3l-c, O

,*,n
... JK?\ dL-"U.t: J:,* 69Locl-rK:.". bli;u" uar,c;-, is;j a,'o:j;itl 611.

t5ly .: j , u_f--\. (Jr.".,- 61.ocl.rK;-"" 6ly.z.e ! o_..-_tL p) A 2l;1 
"yj,"-_. 

t,;yt

^S a+:L Ct'-. :l ,-*-.n$rf -,21_.;,3 o:G:-l rtr ue3:-o- L_ ,r^+ dL-- ,,&- J4l
J\:', 6lrr. .JiLLj"4.1 *-t Jg.- 4;!lr e5.-*,1 (pl! -LoJ9..,) ._-__,! ,:it.r, _,8:;-.*
o-r-..i ,- *.-r, 3700kg/m3 Jz. ocpv di_9 r{c-e-Jg -..j _l 7:4-6:6.4 !_/; d:r, rti L

trK'-- U-t;l o:U:.-l q.,'*.1 ;,.oi A.r.-" S"-- ,.+ d;LoclJ<j.., {il tt $r.r(,_..:*,1

..:...- | o -r-"i c...--,.r 3000-3900 kg/m3 gz ua ',a;a Alj

j ;ai .--l; i c:)3i ,".--;l J,r,l aS J)Ji Lr".rJ JtS: t df-.. t4, O.Kr^" 4t*.
r3-b- b (.f p bj: \ ,*..rly.r" A.tYy gLon--+L ! .;ui!.f ?f ,sls, c*n .t)

6400kg/m3 L ,,,".at- ;:;j I g"(.:-- ,:e. )sl-y, 2l o,;,.. :, ,F t* 4: .)J."-, rJy 5500kg/m3

.C.^.-l o.I; 6, E

:ASt S:1.t1215;'slj,,

GJJ_y 6taj;14sl 4-*;l d( 4-;l -t t- g-GtlAt;r c,!li-- 3

\ (  (



;r.,. aili*

.-lj[ a:-i;|.: t;+; Y! ]K. ".i1, 45q y' -.r J.:b cgL^4jiJ d;L G

(pre-cast concrete) #Ur4, ,?

3 +lBL-1t5;: o$.L; ift.rj r,:* jl gtJ; crts- | a5.:.".-1 ,t-. r;J-l:�'^- -i4 J, )l ) b:-

c*,a-t -9 oJ-X "1-- ;L:;U- tist J* a-,. Lr.-- J tJ.-L/ a:--L o.J.j J;tS L'-l; c';

"3;l !3, A* :t d;JLo'L":;L- b>f ;'.--c LSi;&.,ys-, e-l a-i!lr1 .i.r-o ;tf .S

.J;\./ Q1r 3 bLt;19r r,1-o;r"143;.- J:iL e3_,-.aus'-;l:;L* t"cV

4:;l-,r*,,* ,SA.F

.Gs- s.tlK, .tJi .:.Je a, c.tJy; r-13;JoL51Kt r1; O

.)zW r^t" ;-t$tts t|f. ,,'oiJLJ- -,: ;t^" r^l'* OV)\S il o:ti:-l G

j: -,r ;-,L.lo! Jt*;t t tsj--lt;g,.:;L La! J;l dJ"' cr;abySc;L oL, o

' ) ' /L /

.,jst G.ls^ j ,.-i c-'-*; j )l "js-t, A;lr7l c*j49 6-1--r,;'l-; g-r" A

ASI- i .'& ,*'lot
\ ' / - t 9 / 4 . -

.;L:;L df,-- J^- ! *-LL r.: a:;L,,-;": crt'J"i ,l^-- -;.+ a;,-jn 3

.1+i JL=JI *'-;.a j a:,;A,-,:+, .:,LE jb-r" C bJ.t" aptbl.r. ,-!,L.- c

(fiber reinforced concrete) uAl A t- * A

t- -. ,5::.-\ ra*:--; i. - - ,:i tjUl L ol ,--o ,.-t U- ;)\- c-tL".- -'--; ,-LL; ;,-:i g-; ;,11

\ t (



9,1:r,.t6-l if. tt\

J Ot.ol )l ,r.-b,SL^:! 
"Xi) 

t:J ,--'4 -r,-1,. g;:L; 6j;l 6 4ly;r 'uL.r" r);'r

c-l= a, oS 6t21j. t) ,? L-y tc-^'-l ='tlL. j:y-S;;.ot5r:[.r;5r:'-i\-o

J.* -rU1 ! "r^i +.-; r.:_pl *r.o-, )-r* & Ol olirr; ,j-'.P tpv SS-:

)3-b--.0 \ j:;j-Sr-, a.,....'Ji LJ:^t6'-a "i"-lil L 6lo+'? r:*31-c" r-iUl '::l.r' gl3

.s'f e 6. ,F-tr* J-- 4j "i-ltle--! s t:ii'r

(pre-placed conorete) o+ ,,4 L- o:-r*U"4 ;a

L-;r ,t ,t L c-jr: c;lso:!-r(.- J1 "J-, )t .)J--L/ r:;L *L:" 3:1: ,:Jj! p .;.1

d.;-L"t-- s> .$su rsu o.rl: ;lr-r VIG "Ft: ;r .jL.'o i.1 4:-*<--: CP il c;lis"-

:yJ-> oJ^i a:;t *1K:.- f':> .J)r; o':-*j:j -r,-! Locl-r(- c-t;Li t'lP tShtiU:I

Lr sr.^-i ;-1-*r, ;t:JG _,, ..sL ;! )l- 6\sLa3 .$r,l JsJ L eF. gz,> 65-7a%

.r-:,!.f Ar;*S C;*J$l: g;!l: dt,,6 cjU<.- +5c--l ue..4.trd J rJL:- cJi..

.s! -,F!; s tf .t ,-!t-li :t,J-,t r,-L: l-oo:l.r*-

,<-t-,y{ cSLt.Jr;1 orLo:-.^"l ! ,Jt=- cry-" d)Js!* "1-L-: ot"L"'" 1st 
^J-f

ni;J lKj.l3 *J tl; bcl.rK:.." Js& i p p,j*a g;laaLU ! ^S-ulr.f JlrilK-i

.t_rLl "r;5!U "*Li f c,>\.

-apt )t G\,.i ,. J: * Gj-:&. alarr:-t\ 6 *A s: o\i ue ! .:r-;rr;r.,. ;,1

ir-l .rJ :1! ,sL"t JlJ,-q J .:rtj g:t;;e J* :t.t-L +5-u-".o ;G-L 6!1: t- 3 -r;*;

g-s ! ci;.: 6Lor-:l-rK:..,, ly; cc.^.-l Jt '- C. )l 6i^S GLal )l$. 6lb ;t4 g:

(high strength concrete) :L-1 ctjli" L ;:t

oJ;\-:+ (high performance concrete)!! ,F* ! ;f r*+ ";3r*l)L .--.-:L- ! C*

t z .  (
\ . -  z



iF. Glje*

o_;,Sb a5a2;i ;l ,";' 6J9" 6lsl: j os3,; 6rV* orL 15, c^i.j- 1: ,t". (i ,l-l .rJ--,/

a:*-;.-)l J3-u t- )L g13.r crUj ,:.- jlL c..-l ;(."- !L lr(I..c rl, J:u., .c*j toJ; a:K

,**4,-rL1 J* -,t C}L?I ,s_l pao" aS c-.iK:.,-L c-r-i[ .:L;.:*"yt_i, .r_fu Jl.rjli y!

r-rl3;-c a-,60MPa c-._9 UL GJ- jl.r-.:l,S.:" ?2*:L;40Mpa c.. jl-i.; L, . c-..,,1 .:r5

+80MPa rl ",.+ c,.,yli" 1r C* *-,+ 6torr5;r ,1j_r,l .*i u,._,L.- a, ;-yL .*,yU,

C-'yto Lo c..-.c3 G" o )_9 -t>.-o ;,'_l ;r a(:-9; .+i J,-tl )yc/ a:; L; Yt r:_.31-a, \ ,; Ol:-n

dr-.,t! ^JJ; 
Ci f t d.--:iJ.rJ bsr-/ rlrlo q ur,t:6la:l +.-l 6rt;s ,.;.-l-;T a.

.)JlJ,j ;lJj= c. _*o-A I

Jk=- c..i_r- c".i5t Jr-".- 0lJ<:-,:r:..--l o-u J*<J lj-l dralJlyt .:_-o;LL ! Crl

t oJ'j3*ic*;-.", :31 -rJur, dL*-") 450 - 550kg/m3 )JJ> J) y! _,!,1 Jl.f L JJ,".,., J:br,

ir,.-, 1.lti"u tune) \L/..., o)J),(r:::tsi Jjl1.r/ $.;r- t:..�jli':*St;F a)J,.a ))
L" K,.-, Jl;; ;**{t- uL f_: .,;L'- rl3* .r,at(t.tL*, F u:r 75% E 5zo rJ-r,- r)

:L; d; rl-5+;Lr-rlyt r_i:p o:L 2lsL .;llsljs og S-,-a*::.*n _t c6;lK;.,A ,rL*

,.:rl ,F5c^e! JG rL.-Jl3; JIJi, drJl .;p ._.K. p &"r.: _r:J tS bS :.rr,, .r,olr;

rgL^oi-r-, l.: J,-li .Jj *i ,t .)ye oi :^^(,,*, J 6!5 
j5 tj.45 dlj4, o: jt*r-,_r.

J-t ,yG.rr flh;l 4.L. t ?,br"l-s ,grji S^.-r .r;! .=J c rr ,*; ,-f,G lgrto
j 0.35 ,1r:Jz .i-.r.,' a5.:....1 di .rg! ;1=*t oL:.- ot :i .-; o t ei ,l-l ,t- jG_._,=-, y!

.ri L;) AS J:L.6, Fl; rJ_F6!lr r)U c^.�^iu !.rr .r-l!.r, 0.25 )JJ>;: ,--Jil

g;!l:.i,-! *rlt" ;r,-.- .s;Lu" 69.r:,clr;.r
r: 

,r-!1511.r;" e,-l ..r:,5y b Jtr csl^L;; _t

.':ig a:si y+, ..-r--: 6;L- ,Li;l ,5;K c,rr,. r, -( u:SL jli r]t ,$-rgt,r,-*i-,-S r*V Jy* -\

\ L 6

(."11.-, or3: J-lL) j_: _t)-..:lri .:3.-3

o.t; d.:;,-'>t tSc,tr, lr .r;L jlsdr-bls



t4'1 .r,.:K: if. de:\

.ty,! "!"zt- :[ rire" t ]G ;\.-;:\;;l o.:U::.-l

,t2 J+<.J-i -blJ+ J'-l- Y! rrKf.." !;e ,-u! tl-,tt Jg L'.1; 6 g:;re st

pt(^";: LAoJi.- drJl a5:y rrl3; 4-y S\a,.t;> rlrL $l-u g;!1.:3 "r;, o': '.;r Jl:-,{

;lJi.- tu:t!:y.ri"<c*U 41 (J; g'-e;.t.y;u,, f-Ji<-F.iLti 
+ ,*rs::i)^n

:i lt:.-r^i;[ -i ! ,-*L;-.,r ,?. Jl G- t'l'u+ ,]\ +;b+rif dL..- jl 6l+L--)\. .l,E

;t='.: glacl-rK:.- Ol-yn o:. J;li,-/ oibl*f oL*- .l.l JS r3d oi "tr;t, ! )rli rs"i

.-r,;rl:,.rya."!.g jl ,j-G ;Js"\'5r ,5-*.6 tst ,f i St:

:17; ,:-jti" A ,3 )t osLbl :19., aillK:,-' ,ylf

j*--."- )q.-1 6lt drp.3^l.c-.-,1 ,-="r.1 4;lB &-- 6;L:.i c*yUL tg:.:.7j 4-l 2:

Lr;; 4;:\,-.1g;bl.: J,-li Loa:l-rKt--" g.,-1 rt-rL3 ):",t J c;)t c;Laa;l;K:-- ,?. ?f

r.------------------------------------------------------------------------------------------------�! ,lr ;J+-< c....-l ;,K*.,t-ra J;l+ Jt* J+\+i P; orI t 1&-)t

.s! -,F il 6)G J F -t"-! l-ocl-rK,'-" .-tj*iL dlJj lL.'-

u.S j c;lrS..'- 6-l,a*;lr gLl: : o*lt tf ^.K,-:;; ,ti: -r,-! y--r 6t-aa;llK:-.,,

.ri!.r" 6:L; a;lrl g;bl: !t oL,* -,!" t {-tLal;L''. ly-1 r,-t -;! Jj .- tl ic-i)t

))J' .?T ,*-ltl y F- ;S4JS tLl ,51.r-- L c-;1r g;t^clJ<r-- 31 ,>t;:-"1 'e fl

;,,-l r,rL3 t .ai + dr-rr t': Jte 69lo;L,lly;;l o:l-c^"! L. )j t trg/ b j^" ;ta

e/tJ & $.rrs 6Gulrc^;;r jl o:Lr:-l L y rr, -r,tlr; c*.41 6lrt5 -&-t Lt-y

J<t 3^241r..u .r-o!r"- ;S ,$--*.uj;;J ol*i -;i* dL*.-rJ t a,U<-- stS

a5c-"..,,1 crj., lU, ;,,-1 ..rl:il Jal-.,t dUil lLa.- Jr; [ 3 ,:-.i;r 6bc1.rK:--" oL. jl iii

.)Jd -blj; AilJ<.,...:*3G, il j^S jg'r-'J*.:.-ytc." Jt* C* JXty

\L/



;. eid6

( Polyrnerl mpergnated Concrele) 6& ,f

r"t :: 6>lj o--s. rp-b; c.:yj ">rti S^o t 4 Jt.- L.'-l; c^; cla S eJ

-,"-!.r*-L, dL*- !.ri c*; L-9 o-r,"i J* =f ,?i G- r.:.;l: -raly;::a-: ot^..-

,- ' i f l .tt;u"^if ,}.lrc-s-H J;;t;u;,s\j*a'."}-J;r1 6tl& a5c--i1:a:y;

c.-y l-i, ,: j: a;S--V 6 J.q orL +1".-,-l t 3 cJ; o -u*lf t-r1;." u--j-, 4ils o it- )) IJ-J"

.sr.r" ,.j*fut b A:-*. crt cr,L! J,."e a/-1 .d."t-.ttlr;;,-pl 6:[ -t-- b,; ply:1

y-t:-) EJ yjs.-.-(1 1l ":G:....1 ! r"La o:L oJ-...,y , JV,SI;t ,s'-6-V ,F

Q) un t j-- j t rtt, ,-ri ;1 g;rL; 611-r-,; ;Py. f^ f -'1F;l a5 '.:^-"1 ,gt--lj Jf 9"

6;G"ri,- t: r,1+ ,.+. ,-<,- ,]5^:s a;Q t" jt3," ;-:;;S ,a-t^"L..)-...- J &;xf 7L;l 6ly.

)-ytLl gta.:l C*.!-1r

l, ur-S ";-ro{ 1l ":U:.^,,1 ! cF c* 5.- ,-elr -,t kV .:,l}i yj J3-t2 y-:$"

.Jar.r, d Lii

jr+, ;i J"l Jt a"'--G- -\-\ Y J:l:

, <  J  , . i

(c-r,;-11

, <  J  , . i

(.rt""fL- JE:^)

Pt- , j l Oolf

70 140 oj-e1 YA 6jii' c-*3lL

MPa

5.8 1 1 2.8 oi q ' YA -;5i:--" s[L\)

MPa

i8 5.2 MPa oly,; YA 6:-; 
'->- 1l),-

44 44 a^ CPa a+*--;-i I cJ:r"
o.7 0.3 o .4 Vo t--'l a J.7

9.0 9.5 10.0 L4l =-r-

10-o PC "1)f
A 1 3.8 1:7 MPa :Y;j .. "$.,.,. je"

\ T V



s4 t: +;L t[5 + :lu

.rt'.;__r-.t ,-r13,.r" cLocl.rK:..- t- 1.o;:3ji(,iL*- Li :l -b*-rols &. il 'f i r^

J lji dJ^I- orL ,.-r1;- o-r:5;".;;p o-u,t5"jj;' tls'U -l !>\:--t C) :t.iL*;
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