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v- Self Consolidating Concrete

v- Flow ability

- Viscosity modifying admixture
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v - rotational rheometers



Ol o Mbu-sj
oS15095 o sl g cile Joalljgiws oty ol VEo¥/oY/o ) N

F - 2a S

Oigo dgd Joo yioghy 4l g jluw Y- ULl

gl (g, &5 Cudly (ol b ) e sy b yas g a5 cade boy il 51y LB-"‘ =z s,
O OO SO C P B JRE ST b W CORPECUCRNECA YWD JORRCIN S NP [ SISO 25 RV P SOOI
Fogsy DS Sl Sy o T pe Les bl IS 0gdige G yed rage dlg) oliws I g (pi5 oSl
5 S0l Yaone (ige dlg) slostess; )l 0525 oo yonid (53,5 Sgamme (sl alogis, 4751 aibis 2557

.[109] RN > > GL“’):;-"S-") )" ).'Jo.bl...o

Joint Compound Paddle Spiral

of ey woliso (sl JSis g s 2 yingd) 3l glaiges VF-Y JSCi



aY VEoY/o¥0 Vo3l oS15055 o ml, logiales] 2 sysm - ¥ Jad

Jelse cnl 51 6l 8 o] 3L Ll 5 0lga (sl S5g bogline 25k b o sum b o2 (2 5 (s59055
S O Al sla s, lawsi oul (5 S o3kl (SO5eles, sle el )l s o lis a5 5 ls sezg oo )5S
il Sglite Giltte (slo fashy o Sl g0 ilie % S sl

sladgl i cbglie 10 59,5 9mSd CanSll ol jehate 4 lall aS Cenl &gl @ 0 e yiegs, (S o Sles
Lg)jo)‘.)u‘ u’“})} Sy g )sm O ‘bLu)l [TSER VY U"‘ 399 b}w‘sa oslo le u,«.uu C).’ g § 0L JL@.C‘
Sy Cx i) g pebd 25 4 (83 ,5leiS slaosls haws sl il Sl by; Sezge sl e 53 09 8 0
ol hE slal sleasly

g g0 03l B3l senlinw Jad (N) id > iy o 3 (T) H5LiS slaools 4y s slaasly samlw sl
0 oo g oo oapel €< Loz ol 9 «O» (joliiS jemee b oz ol M gakais Tattersal glakais g0 oSiws o
S5 eL oy, (nl D9 o0 ke (e Cr L L pe (a3l (lgie 4 jlade g eled (25 L dad e a3l lgie
Jogdo b g pstie codls axgi ol .ol oo 48,5 15 @b 55,00 sld jiegs, 4o el oad 08,51 5 gadal, jo aS

o] ugLO.uo sé}wgc ool uLwJ «G» L’ as (5*’)"
T= g+ hN

L (s Sy g oo (20) a0 Jow SaST L slauly ooy cas o bl gaslbw gl cal S5 LB
o e Dlos 3 5l eolituwl b (0,5 0, dlS 4 5L oD ga ol polis g pelus i) Herschel — bulkley Jows

)13 S92y yiagh, ) Sy s 5 pebed GRS &8 3590

Measured Applied/ Applied/
Inner Bob ?Torque Top Plate Measured Cone casured
Outer N \- Torque _ Torque
: L %
Cyh.lld-g'? Fll‘ll'-_d__‘_* F]_uid +
Fluid ~h TR
i Bottom Plate Bottom Plate
Applied Torque¢ (Fixed) (Fixed)
PYC TN LgLad.'olj;;.....J Sl Slao LI .Ios):'u

B 3 agly dwdsd o bdiges 1O-T STl



@ omoorepeyman.ir



¥ Jas

T 3Ny By 9 (G990

15995 o b glove




@ omoorepeyman.ir



7\ VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

Pale Jad
159995 (i Boloro T3b ity Sy 9 (59

olds V-f

wSlee g5 Ol g wnld (o e #5105 (i bl iz polie e anl)E cdS Glen sl
Sl Lol 2o s, 0955 jige 5 s slo ially sy dher 31 ik Y s3dgn ol ool ol
o5 il o plol (g0b5 Slalllae sla S obil el s sl o0t 4i])] bl g (gla el 4l 003, S s o 45
ool 00 81| EFNARC 5 ACH ale yixs sloslejl g lanmgo Lawg 1503 (5 5 allia B o la] 5 5
ac> g 0ol 1l la g, a5 laisTay ol odel Cavas ls ;o Caakad pac o yog, (pl den (o axgr b 4SS
Slatedgaza 5 Llse g plxil bgloe )b 7 )lae slaacosi b o by, 5l solaad 12 5550 Jad (nl jo i)ls olesal,

Dgdse Ok g plS e

oIl o iz Slicwgo 9 b pozil awgd ool 4l b duogs Y-F
ACI 237 55 pol oy cpozxil yogy \-Y-F
Cawdy polie JUS Cgo s ooy (o515 095 0 sl uad oo 1] pois S0 el oyt ezl YTV aeS

5 Uzl ol ol 03,5 53 laods s 5o sadly g oot onlitl bylies b 5l alo Jlie 5 Canl 03503 Gl ool

ibos 2) T 4 b aogs

oSl ojls Slasio dydzgi b jLiv) go Coadlo] Gl ,y2P )i upai s Syl oIS @
S g (B bl s s ojle Dlasie 4 azgi L oS5 055 i 6l 5l 9,90 quadll Gl alpe (ol o
Sliml 51 5wl 45l e ol 4 Wload  (Stie 5, L Jgaz 5 a5 olbails osd e Sl V¥ Jgas
Sl alesT puolie guli bls,l a5 wil oo [82] )l 1Sen 3 DACZKO Lavvss Slinions 039 S Jol> Jgizr il Sges

42504 oéa—o} w)f‘swwul..mbl)scc @1)5



oS> o szl Sl Jeallygtws e sl ep ey sY

WK s pyolio a1 pg0 pI5 @
GO e Al g0 Ay S0 ladilaSin [hgy (pl 40 0ed oo uatd @515 093 i Ao Jlade al> e ol o
alaSw o3lasl iSTlas glls a8 pgo aiws 5 yie Lo VY/O 5 555 ailaSs olail JiSTas (gljls aS™ ol asws . cawlonss
2l o den VYD iS58
Wb cud o wlaSn Jlade s gl g9, adaii lgie 4 il o Lo VYO G 255 beailaSw ojlail iSTas S
Slodgi p> b b (i x> 00)3 00 5 090 (et Wil (nl (aleo b 951,50) 03,55 ales it (slodgs (S
xSy ,0 S ek S VFe e Ll 60,05 ale S o ailaSiw JKx ST e lgieds 0gd 4 Sl e dilaSin

Dgr Wlg> oS o 0 Sl S Aee i OV P Bl il o wlaSn lade il

SBup ceodll (4l y2 e cari (3 1 g S Nl Camdg 9 (S grac bl pd \-F Jguo

o> g1 ol Gl p2 i Lol

o o Lo Sloo Caurdg g (St guas byl
Seo> [$oo Ode | OBe<

o

‘la.uj.‘.a ‘5;-\.! }ﬂé-‘ )é o oo lasw! )y'l.o)i M)n)
ol
oS

Loy 0 ploll Gos

= olell Job

0,ylg10 Cuolns

el (09 cawlie pae Sre 4 Sl ol S5 @ a5 slaasls

e o bailaSiis sl Jlas! als gl bl o Lo VY0 51 155 5 daaslaSs ojlal iSTas 31 pioren
5 0o, YY U YA o 555 5 s duo VYO laailaSin lhe por> 0980 o0 dmog oo Sl o 5l jgue

g oolatwl Ly gandild b g3, alaSiw 5l 9 00g laasilaSiw
Ao,y B0 g £o,0 ahi SO Wl o Gl e e VYO I 2SS L (gglas alaSis ojlusl iSTas S



FY VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

sibogms Olps g | ot g silags Spo 05y Jlado rpti 2 pgus p S @
ol 5 09 0 Gutd ) D90 4 o515 093 (0 Cle 6l 3l 9550 Ol g (Slewes Slge 00 Jlaie al> e ol 5o
4 p)Y 0gd o0 QLS V-Y Joaor 5l Cenlonds (rad J3 al> pe )3 457 5L 3 90 ceodll Gl y2 4 4z g5 L o9y jlode
iy olee 5 S y35 (((Egan 5 b GlagYs)n wile) Glew (230 Slse loss 1ol 35y oS Cal S
il e oo o1 YD S 5]

3 0590 ceodwl by 4 4z gi b jog (oleeudiny polie Y-F Jouo
ol ol > odw! 5l 2> oMl (b >
$8. mm< $8+ G OO MM a6- mm>

(oS o )0 p,55lS)

O el i duo FIVO 5l 5 SoS 5 ) alaSiw 5 FIVO 5l 555 allaSew w0 ailaSw | oguaie 1) ;585

FOA 5l i FFO-TAD FAO-YYO

Al Gy Al b 3l Sz b ol al e alaSin g5 awle 3l Sy cul
YIYA 5 S8 O3 ay bgspe 89, (oo ,Uatl ass] B 5 ODo cy ya5 a5 Codls a5 b a1 ¥ S0

9 ).A.Q} == Js..x} L)"‘ )\) \)9...»‘5& g.:l.’?v..." Y"f Jad?- )b W) 43‘)‘ 4.».»05.3 )‘ LS,LAA.AAJ b‘}n aQ u] W.s )L.\.M e

109 8 iy 5 O ygar S >

52 5 oloord (0938 ol ogy o 1 yad x> -
().:.Akslﬁ.av/\ﬂ/\)/\O)L&&&SJ‘}‘LS)g{.Cﬁ)&LQé\.;‘Qi;MW@u‘@)ﬂ&w:@mw -

Y-F Joo 50 o515 095 oy syl s Cga 10 0] (50 ozl YTV ateS B,k 5l oo diogs polie aodls

g g0 odplie

w1y 095 (s el 61w ACT 237 4 185 50 o0 dmogi polie 4o Y-F Jgu

o, ¥Y B YA s 50 dilaSoww @llao pxo
bl JS a0 s Fo LYY oS (AR (e
Lol JS 0o ,a YY B £A Mo ok b
IR IR i ¢ o 310 43 O Conunsd
xS sie ,d p,SekS FYO L YAS 399y e

bl 2 b a aieS ol lawgi ol &l slaaogi g o1 5053 0 el el (hg) slatasgaze g Lse



oS> o szl Sl Jeallygtws e sl ep ey 33

Q/}A L4

o3l Lyl g iy e Slaseiie 4y az g b1l 4o o35, Baw ool Gz ol o 45 a5 cal iy, ks -

docyogdxe @

sl A28 S5 )3 L e e el )] sladeosi o gy ol o BalaSie ganals -

Sl el 0 ST s a8l,] 4 By laconnd | odn ;o 5 wbl o diwodsld &gy 0dds zokae By, -
5 bailaSin IS gz abl e e VYO ) 2SS ailuSins ol ,iSTas (51 45 Cansd asedo s
Bl b jase 0 bl

5o Cawloads 3Mbl e de YIVA 5l 28568 OIS a4 S0 sloaiog 5 b by, ded B> 5 e iy 8 —
Ol g 2Bl anle (i e die FIVO 5l 1iSsS WIS a4 by pe Do G yei S0 slaty, o &S >
Db so by, onl 5l eslatwl gl JGI sl el

GIB pogas )3 Grigres el ouis &l atie 6)Lad Cuglie a4y pliws sl )Ry gy el e -
WCeslodis S (SBg) g Aoy s pled

5 oo5 wlbi, (28 Ly s Sudye alaSn o g Do e gz 0dd dogs polie sy oo Sl ar -
o Jode b obrawle ( hgy opl jo awle 0 gadily slie [, 50 O)le 4y il oo dnle g5 (ganals
ol ol JLaiol 4y 35 oolitl ity o Jada b5 o sloaale 5145 5,50 50 blyon ¥/) 51 e
bls aaless gldail Cosdly b olie

P S wdloo Glpl jo wly slocsll g5 a5 abl oo o die 2 NYO (6500 28 5 S)09 9o o 50 -
g oo B g IS syl aely allas oyl a8 (Yoo 5l 5 ety g # Voo ol 5|

Wl 438,55 )18 gaz axgi 3 90 bgliie b 55 (65,35 eaiiS Al gog 38l ST -

EN obg,l acws g, Y-Y-F

SCC (i bglos 7,k o )by0 oloaey EFNARC avcige )b 5l s Yoo Jlo 5l (s U aSEN ol eSS
Gl L8 slealy iulng Uy Glasbaroy obs)l zilae 80 (paiz jgax L Ve od Jlo 5l wg 00,5 7l
zAe Yool Jlu byl oals &Il slaialy wo s EFNARC ool 7 e sloaiog po idu cpl )0 culosges

.&5.:)‘54



70 VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

EFNARC duswass 90 .A.“J}J' ol C)‘A‘ ‘5‘[0 4.:..4}4" L]
elews gl golpinn slacas .l (G5 sl ) sez> Laily, (bl LMWS| glocans s hg, ol 50

el 0al bl 50 lee LB o 1 ST0es @

Aol V/Ye U°/Aw(ﬁ)b‘y))b%4\gy16‘o:‘ow -

Foo lfee dgam) md VFe U VFe CaSho o j0 10 (Glosho °NYD 5l S8565) (609 olge IS Jaie -

lg3 oo 00 o KGIM? 51 iy o oo il oo xS yie ;0 p,5sLS $0° BYO° o Yoone Hloww jlade -
du‘})go &5lags\”&°kg/m3 )‘)A.ASOLAAM )‘J.O.o Ob;‘so ‘;MW UN‘J'B‘ W&Ajb}wd.duujb).‘a?
Al gz ge (5 )d 0 5 Yoim 5 0L S aile Glerw (20l Slse oS Al el

D5l o0 Aoyl oo Yo B Ve sgus 0 cusibus olygwox.;f); ol ol yiSlas -

GVE LS ek ailaliiw o3l iSTas abl oo bglsee comx> 0o, o YO U YA \Jw o, dlaw jlade -
SO 1515085 5 30 s i b i Jue Fo ol jiSlas 4y SlailaSin sz e il oo yie Lo Vo

2 d Yoo sl Ol jlade (IS ek 09 o Sle] [83] EN 206 s ,lisbiu! &y 4> g5 b fylosw a0 Of Ces =

Cowl O g0 2o, YA 5 u.u.,‘)!w awle Jlade . wl oo Cawdy el sl 4 azgi b oawle Hloie -
Lol oo ailaSw JS aop0 00 5l i 9 O pax> o y0 B0l S anle Jlade edSSH jo e jakay)
bolso poe> duojo Fo sl jin wlb es jlade (all Oe pox ao )0 00 B FO 0ol awls LILG! jaiS 5o
S olge Jlade aiind Bras JB 15 (Sal) Slo)S 5 cmadiw sladule gl G pae slgE o abgSs 5
Bl aiiws moe (LB 0515095 50 sl (el S5l g 09bioe (B o0 Gloim fe e <NYO
5 ey Sadlax I oo S u...ol.? Wl (058 o0 JoSid alo g oaiilws olgo 51 a5 j04) ailoy ) olge jlade

g g0 aidS e Lo B 51 5 5, S A byl yo 5 oS
il gy e le 3 o5l iy a5 4 il oo LI 5 el jo S e 51 S



oS> o szl Sl Jaallygtws e sl gp ey 55

EN byl ouis 4ily olocal,
Joie oo S o Byo 09 oad 4l Yoo Jlu o a5 EFNARC adsl slual, G35, Loal, cpl 4o
as w‘ JSO aQ 'b)y w‘ W) 4\3‘)‘ SCC u.@‘.‘>- LQOL@‘...MM.; ULQ""‘" aQ g.:] w..u.: 9 FHECEIN 9 )...o.>- 9 )09_» LEQLQ-‘-“‘-:-’

Ao oo lid |y golpiinn polae pl F-F Joax o lai Ve oV Jlo sloal, b Slas @glas oo &ilyl 1 olie

w51y 095 (s boldo b (6l Vorld Jlw jo (o lig)yl dteos” (goleiudiny polio F-F Jou

39 §Oliin 05990 T LI W IR PRV PR E T
(kg/m?) (lit/m?3)
YAo-foo N e
- Yoo YAe o
Voo - Yo Voo - Yo oy of
Voo - Neee YVo - vFe R PRI
LaailaSw (39 o, 0O B FA - 32y Slasw
- <MD =\ 399 & &l S

Pabbos piz e Yeed g VeV Jlo oby)l slesaly lacosgase 9 Llje

é/)..o [ ]

Swodgass 5 zllas glyil g1 EFNARC avcige B,b 51 Ve oY Jlo slosal, 009 g0l 9 o5 Oledbl  —
Sl 0als &) lsaoi

3¢5 yin eodwl b > Elgil gt prndi o8 5l 595 22l Cole Yoo Jlo onls &I} glealy o -

sl 00 ks 059 G300 5 S pas Lulyd 4 azg b ol Gl g 68T

Ao cyoguxs @

sl 00 i S5 g0z sk 0515055 (2 bgle b o o GE g ailaSis unals -

Fry S wdboes olnl o @l Glasll g a5 alloo yiodon SNTYO (6509 128 5 6,00 Sloo G 50 -
Sgbge S 5 IS5 sl cly e oyl 45 H Yoo 5l 5 ety g B Voo 0)led )

ol 00 i 55 oy 5 Canglie b biglina gy Ll 4y -

Gl az abl ails 0429 bl 7,k 0 (VMA) (64,15 00isS 7)ol ool 5145l 5,90 50 Sledbl  —

0,100 0925 g o dloul ol polie o



Y

VEeXTe /N oS1 50g3 i Lol z)b ly laghs, » 590 = F Juad

(JSCE) o515 095 cyis (!5 4ol dogi Y-Y-F
el 00 &30, 0-F Jgo Bro T ezl s S 9 SCC oy b abal) jo ol asl avogs 1o

o5 4l aogi wg ool slpsian o515 095y <32 ol 8-F Jguo
(G0 yio p1 0,5elS) polio
Soo 5 oo

oy ¢y Sl ol

YA B \F»

b ol s L
oo L5 Voo

15152, VMA sgsil (ol ls Lais

VMA g3l 5 5L 1)) oS 5

e ol i Wl i

ICAR EUWORT U WP X W &l o9y F-Y-¥

lodifuKiw gdodils ol fs] o5 @
Condy 2950 Klg oo o /FO olgy e 5l oolatn! Vgane baslaSiw (gaidils 8,50 ;0 a5 Cawl 05,5 ST dusgo (10l

Aol o/FO Glgs j0 ouls oaniS a3l 5y Hlai 0,50 gaails Casl e s Lis oST5 095 i sl 1) anails
(Gl 00 o s L3 sl jion o o/F0 ol covie)

ms_a) Lbd..l/..l..f...w ‘5‘)/.} a}fj ‘jx‘&} ‘:‘:..:..éj ."Aj.)’abﬁ L4

19l oo Guend Blize (Rs_g) slas)ls alsS g S Comdg #-F Jgox

WK (Ko 38) (5 0agS 9 S oy #-F Jogur

Ty = 12 s
‘_;J\Jé....:_rgb'..\_l 7H(R;.A)

+

+

¥

Ga,

o aoka 1S5

<)

v

£
Jsa
D EREE .
s Lk e i -
ard by s stol ols 251 T s sl o 5
; ‘Stl...uﬂ
J":-:‘I“.‘.'f“—' 65‘“““" i
1 a
ﬂ Q s el
e
SR S

[P TLn .}

[EPEREOR )

il slaadss

B e R T e

ENER

1,1 ~
Gy




oS> o szl Sl Jeallygtws e sl ep ey $A

e px> u[x:.:/’a}u /ob’ L4

] oo s (V-F) dlal, 51 pos o>

100 (100 -V e pacing ) (100 —%v0ids

compacted — ) -
paste —filling —ability 100 - 9 (\ f)

\Y

16-8
v paste —spacing 8+ (Tj(Rsa _l) x-%

Sl Jypax caz o515 355 o slp oY e w2 ln Viaste- fitting-abitity (M°) alal, ol s a5
%VOidscompacted—agg 9 L‘N)ﬂ:" O LSLéé Q“)/S xr kS‘ﬁ P}\j o> = ):“ﬁ Vpaste—spacing (ms) “;MS;:
5 oo ASTM C29 jislejl 5o alis L ouds sagS cl> o laailaSiw JB slad vy

A..»Lsn ) C),w aQ ICAR A go ‘b.uj.s o 43‘)‘ L)”"B) §meo9m 9 l)‘).a

Q/}A L4

Tl 3 g el aB)S 18l ae (09 algS S b g alsSe )5 5 JSB anile ailaSis sla S Ghe)y ol 0 -
NG PR )9.54./:: b9l?u:

] AT Jalaie Bgy ol HO paite Ojgay diz e dilaSs ganails -

el oo lo (59,51,5 caisS C)Lo‘[god.,i» M?‘&}’W‘“BG}‘)}’&?‘W‘S‘)’ Se> oy il oolaiul po -

Shls ool aBls (Sl 055 i 1 05l 0 dslne Sy, oboul gz S6 jnd poe> sS4 a5 L -

g2 aalez (B ol Gl >

:Lb&d.}j..lm °

oo g5 oo Lol all o /F0 g5 cimie YL railaSiw balse (gandls dmie a5 ool jlo aSul o929 L~
gac b sh,00 gl luld gl aSol 050 ;o Blol Sledlbsl a5 dg0s (pand ol axaS Loyl il b e
RN PR WA ULJ Og.w L.JL?LA.)‘GA.'?LA.A[Q‘\-\S 0)3).:9‘5‘.;)
Slplo el [0 ladal aogi b bl )b Koo sla g, 5l it g, ol 0 jes pa a5 Lo
g o0 03l (6 i (595 Slge 5 lor ke

lotaly 5 0005 S pad S et Sz J9uz Sy bpo gy Aol o e w2 e Gl ey -

el o.\..:.b)i; ;O ,oljo 9



A VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

Cyefixo )| ‘55).3 .h.wg) (Yo 39) e 4:|)| GSLQL}:’S) 9 way y-¥
baloko 25 Jaiamo g, 1-¥-F
g Okamura lawss V490 Jlo ;o cunl o515 095 0 bolxe )b 4 bgs o sloacogs sl &dly 0 a5 g, ol
ML:‘SA ) b)‘yo J‘QLAAJ LQG:LQ.._Q‘) L)"‘ ] 0l 43‘)‘ u,u)lio&
g oo 38,5 Hla3 150 ol O jao 4 (Olaels pa do 0 B plpy il o wlaSw Jlaske -
D oo 43,8 L5 5 Coll O g A (Do e a0 Foo plp b e ke -
Sl 9550 o815 03 Dliogas 4 azgi b jog 4 Ol ez Sl led JlEe 5 0aiiS oy, G5 dops -

g g0 (et

MLJ‘_,,A ) C)’*’ a JM OR09) 4O 0L 65‘)‘ le.m ‘S,LQ,_M) Codgdse
el oad &Ll plecal, iz 1o aSly Co 05 4 8 j5m B9, -

RO PV St

Oloaw o x> J8lus (g, Y-Y-F
oS S 4 ils o o ailaSins do yd dingy S 8L gy ol (bl el oas 11 [73] e o Lasgs 39, o0

0 25 TAE N Ghyy ool U2l 0gb e JBlas 0515 093 i 0 Glews ped e jlaie G (pl o a8 ol

LK jloxo poxo y25Ta> i i fol o5 @
1ol oo Gy (Y-F) alayl) 51 aloSoss jlme o> 3STo>

-p,)*Nga
Vab max = Py +(p=p5) g — (-
ZPvgm*Nga*pS +zF’vsn (1-Nga)*p,
Vabm Vabn

:Qi 4o aS



oS> o szl g Sl Jeallygtws e o>y epryyey Yo

I c . k k e .
Sy s oS S8 s a Ps (V) 3) s oy (9] 5) wloSs sbre oz iSlus Vabiex (m?)
Sy alaSii JS 4 m og )3 il yo wilaSin ez Cond PVONG GlaSns IS a5 el jo ailaXn 539 ced Nga
00 Sgdume x> oo i 4 Vabn(m3) g Vabm (m3) o, ailaSiw JS 4N 09,5 5, ailoKiw o> Comd PVSN

loifuLew o~ alols .E.‘u}:.ad.::‘..zf "/9}"’ /oLf’ L]
T e ey (F-F) abasl 5| loeilafi alols Layie

Dss = Dav{a 1+\M —1} (£-¥)
Vt -Vpw

o5 e laailaSiw o Ol i v VO0Id (e e VPW(M3)« oo (o Lawgie alols Dss(m) 1 ;o o

1] oo Sy (0-F) alal, 51 DAV a5 laasloKiw Liwgie Had Dav(m) g oo ez (S VM)l oo

Dav :m -
D> Mi

b g YU S oaile GbaslaSos coym duo o Mg i Cad ailaSiss ojlail Lo gie Di(M) alal, ol jo a5

|;~owv.9)»)

%T@MQ\-YN}IPWW&‘»M

5 900 Vpdmin (analytical, W/B=0.30)

;E' 800 e Satisfactory (Experimental, W/B=0.30)

by 700 ¥ Unsatisfactory (Experimental, W/B=0.30)
@

E E 600 |

g - 500 F

2 400 |- ¥ x'. X

§ 3m L L L L X L X i L L L J

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Coarse to total aggregate ratio (Nga)

Oloww yaod oo Jlas gy 50 ped e JBlos (i (S 1-F JSCU



A VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

blie @

99305 (o0 e 15 oS B G o515 093 (i o aAllaz B g0 G abaly 4 Jgl sk (B, -
de o Koo 5l 0515095 (1 jaue 5 LaaslaSn slowil ilaSis j90 ez S Jibgy (yered sonnlis
335 oo i

58 5 e (S8l I (5,55 5l solital b jeas o IS 5 sls 5 2,0 (Soalol JBr psgie -

o cyogus @

ol o b )lad Cuaglio wiile (s yall o Gatie & (e (nl & e dteoasl By nl -
Sy il plie ax 4 00 4 Ol Cad b lers 4

Ll @3NS ad w40 ol S g &laSin O3 o alols pgpbe 4 Lo g sl ol i by, -
5500 Oyle @ el Hads las LS| as o Jm adsl (5,8 6l 0 biosgiom a5 Cund (asin (yiored

i Al (goindily  Zomie slalgagae

[Error! Reference source not found.] ;Ko g cwgud oo 431, yog, ¥-Y-F

oz oolaiwl e 4y o 5l eslatul b as wlesls &3l bglsee 7, g, « sl ) Sad g BUi a,lai ool 15 g, ol 5o
sl bslseo 4 S 60 Sloogas 15 (sled oly> (S n g soladl il alol> Lol (losm joes aige

)5 w1555 5 Ll o sl g, plo | Sl
oo oS 5 15l e 098 0 dle laailaKi lawgte (8 ccaliBee (slodilaSn Cams a5l e Ghgy 02! o
S e 4 oy Ojge @ Ol e Ao (ol (3 098 e et ples g Sueglie el n (le
s liBee gl e g polie utd 5l e e BLL o T Cavss o3l b Sleogas B ogd e 00938l laalaSiiw
50 Sl ool LI Y-F S )0 awlllas ol ol 0gd oo dwles (40 oS e SO Sl gl BWS gl s
Olog e 0ains S5 glizl oS 5 5 il (5:Silee Hhad (sl 3 p3¥ (Jlosas oo JBlas (1500 jlog0d (1

el 0 oalo UL.,.:



pSos> o szl s el Jedlljgiws ooy 3> e op oy vY
400
375 & ety e
W oy e Ot b e
350 A S S T
t - - = = Poly. (s sl )
i 325 — = - Poly, (5% €a YT+ )
s R. et / Poly. {osbes S %1 4 la)
~ 300

\\_la"/

275
250 - T T
3.0 35 4.0 4.5 5.0
Dav (mm) W «idfia (s bl
Y Oloww yod o JBloo V-F S
Qb&o& 9 Su ouls 45‘)‘ L?OS) f-v-¥
G 5 by diluKiw jlddo dewlxo s ol o5 ®
1l oo Cawds (V=F) 5 (B-F) alal, 51 555 5 ol po ailaSow pyolis
S
Wq =PFXW, (1--) %)
S
Ws =PF ><Vvsl Xg (v-%)

k k . g -
ci a Wa (") )s W9/, 3) 30, 5 oo il (35 oo 3 20 We (KQ) 3 Wy (KO) alal 93 cnl 50 o5

R - . 5 - Lo " al wos . A\ E-
I, alaSn ez o E‘pﬂ).mﬁ.cJb)o&oahulg&@lw)ojﬁ)dudmGgqoia).?
GlalaSin )2 Cad Ojg0 4 a5 Ll S BPF il oo 0o 0 QY B (o (s00e Cand (] &5 LaaslaSn

Al oo 15 e e laailaSn @ @ST5 0 i )0 ol 15Ty

‘)lo-:-w)/di.o dewlxo :/oj..)/o[f’ °
1l oo Sy (A-F) bl 51 ylosns laio

C=-- (A-%)

el 8355 50 6515 855 5L 390 (55Ld Caaglie T (PSI) § leww e C (KG) abal, ol ,o a5



\AL VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

10T oo Gy (A-F) alal, 5ol O lade
w
Wy =()C @A-%)
wc (C )

w3l oo ST O Jaie W« o a1 0T (55 s 7 alasly ] 5 oS

o by g 50U iS5 lddo duwloxo o, lg>p 5 @
oo Cawds (VY=F) 5 A V-F) alal,y 510,y g g0b S lade

W w w
Vi +V g =1- - . C W, -V, (\-f)
1000xG, 1000xG, 1000xG, 1000xG,
W W
Ve Vg :(1+Vlij%x¢+(l+viij%x$ (\-F)
F 1000xG, S 1000xG,
W, =A%xW OY-6)
W, =B%xW OY-)

4 Guw gGe g Gs g Gy o) slaie plVea(M?) 5 ool xSl oz oo Ve (M?) laakyl) ol o a5

wibge o515 093 0 50 lga jlade wops Va g Of (plew oy wlaSin b ps ailsSin & plp cois
FS 5l ool Sig duoy ply cud b A AL B (oST5 095 i j0 o eolaiwl Y59 olge JSladeWpm(KQ)
b S 59 Wi (KQ) 5 adlbioo o)l 5 o3k S I pln cdi 4G 5Gr g o yo o)l 9 0L

DSl (oo 0yl 39 W (KQ) 9

bglowo T ,lado dowlno spiy oS @
g e Jol>= (V2-F) alal) 5l bSOl

W

Wi :(F)Nf (f-%)
w

We = [S_)W B (6-%)

W, =W, +W; +W g \#-%)



oS> o szl g Sl Jeallygtws e o>y epryyey V§

. T . i . .. o wow
‘6~>L:)~...~§L> le).: ﬁ)\j u‘WWf (kg) so)bfwaéébja.mfbcbu‘ @)5Mw;): 4.:?5FLQ4.]4A‘) J‘JAAS

Ml.» < Jo)L:-‘ g_j JS WW (kg) 9 co)lg).m d“)-’ ra)}! u_:—‘ WWB (kg)

jéJ‘Q}}AOMd/j)J}jJJ)Q})/JEAMlx&.‘rzdﬁf L]

:.xﬂsn Gy (VY=F) adasly 51 5L 0550 00isS™ oylgy (599 duo 0 5 jlaie
W, =n%(C +W, +W) Ov-%)

ol oo (B pas 0aisS oy, 358 slaie Wy (KG)e oS g, (398 5l ooliinl wojo n adayly l yo oS

ibos 2 Tt 4 OhlSes 5 SU Lawgs oud &Il g slacusgase 5 Ll

Q/}A L4

Saie g Sl 00gad Jlesl PF ,giSB L 1) o515 095 o o ol )3 ol JBs o8ly pgpie by, ol —
5 e sbganaly jloslitul 5,556 (nl (I8l b sl HeS B ul 4y atnly e o8 ol 4 Glog
il (Fyp Caye 4 Sl aalys mals lar e ( JB slas rals

7 Sydgdxo @
b |, S pl e o Alie (g 395 5 el ol sl (PF) S2ilil 956 anulone ogos -

OleSs 20 o Fy i 40 aS aBly e b allas o eal 5,8 Jlade A Cand adtin (pl pll iailesgal
et

250 plosl wled o aegs JSWLle o/NF Cuoglia (logs 0,5 0kS 50 4l (58 L Glog e dsle -~
o (soges 3 WSboe (Il g (nl) Bble lp Bro sae (pl a5 Wlosged 1S3 oo allie (Baimygs 355
el oais ezl 5 Glosw Cuglie 5 £33 Guioren

G 3590 0515 093 i )3 0aIS  Blgs g yeeS > g 39 HSTa g Jlao g ganalo b b e ol -

W PUER N

oblS.o.b 9 Shen Ja.wg.’ W) G\j‘)‘ U“B) O-Y-¥
A3l oo ot ol pl w8 e sl oot 48] [80] gz o iz Lawgs (b, ol

lodilaSiws jJAdo i o ol p5 @

\Y
__PYs =Rga (\A-¥)
PAPRYAF



Yo VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

(\a-¥)

@ﬁ)ulmgﬂb‘mL;Lam)oWw)pﬁwuul@ypﬁ)§uulm%@gw Rs/a

2100
2000 p---==--———--——0 W~ ——— - ————
- [ Jonn ST -
_f/ h“-*:-
- 1900 f=-===- o peT¢ 21488+ 176k + 1563 T
[ P R®=0993
21800 SA T g e
é s
‘o 1700 y=-150x¢ - 670 + 988x + 1485
S b
< 1600
w600 Moo e __
35 [ ]
m -
1500 §~ # Before Compaction|_ _ _ _ _ _____ ____ |
m After Compaction

1400
0% 20% 40% 60% 80% 100%

Mass of sand/Mass of aggregates

Sloog JKs  dilusiww 5 & dwlo G (oo Y-F JSCU

JieS p et a0 plS
] oo s (YouF) a5l e pon>
VvV, =1-(M,/1000d, ) (Yo-f)

p
M, =PF(pV, +pV,) M-H)

pf daaslaSins J&> 1, da(kg/m®) daaslaSis JS o358 ol Ma (KY) ¢ joos azx ol Vo (MP)ls alasly o yo a5
Al oo ol,8 Salsl sl

e ca S Gl g p5 @

V, =C /1000d, (YY-¥)

V, =L /1000d, (Y¥-F)

Iz dh (G5 Sa y05, o Vi (1) o S5 e (KONl o Vi (M)l sl ol 5o o5
sl oo Sw jo 39 L (KG) g S yog



oS> o szl Sl Jaallygtws e sl gp ey v$

D3 Ol Ry Oypar 853 by, sleladgaze g Llse

Q/}A L4

el o 48,5 L s biglie b o beailaSin o JB glad 5 Suslsl JB> 51 -

W‘OMM;)QjJhuiwbé)wMAjLMJaL))‘éb -

s Sygdgdxo @
g gllas 5,525 52 lp wl g o)l Conges @las 5 3lge den sln 5 Sl (22 MBS Laily, 5l am -
sl odizs a8 )5 La5 5 o1 51 0gl solatul (55,50,5 0aisS Mol 89380 AT Siee 0 -

o Looseld &_))9@ U"’9) -

ol)es g Santhanam luwgs oo 7 yhao o9, #-Y-F

sl 5 2 4 555 e gy plS 4 a5 7y sl as 1 [79] a 1o piioms ansgs g, )

Cu = Dso/Dlo o

Sldasy Ve g fe aS aies (g8 i 4 Do g Deo (MM)gunails 5168 oo C) adaly ol jo aS

i )Tl 55,

lodaifuSiw ngb (.5'(‘43‘ yb’r.:.;/:”.: ,AK L]

] o sy (VF-F) abl 5l ol (o JU (lid
Sl Jigz =((M/8,)+(M,/S,)+(M, /S )V, ro-f)

U’Jl}- slas =) = ;@“ &Ll ‘;li> s

»lpS34S52 S (kg/m3) (Sl yd gy ) baslaSs g e iy aMs g M . Mi(kg) o alyl, pl o a8
S ailaSin g4 5l plaSm b Ll I



vy VEXToN[2) 0515355 (o bslds 25k @l lagts, 2 5h9pe = ¥ Jad

hﬂ/dfwijww:f}ufﬁg o
50,5 o Lol (YV-F) ala, 5l oo o

o> o> = (_,’le- lad pz +( LS 0,90 ;,;AB/L.:] ul‘P -YYV) =f/eFA Yv-%)

2992 o ot G i iy g p U5 @

:..xﬂsn Gy F-F S0 51 6 Lad cglin cpilo b jog @ gJ T S

(-]
(=1

=
=)
1

h
o
i 1

50+

40

Compressive strength (MPa)

304 ~

T T T
0.6 08 1.0 1.2 1.4 1.6 1.8
w/p ratio (by volume)

olsen g Santhanam gy yo g,Lid cuoglio cpdlo b j093 & 0 oo i (Sxio F-F S

S e 5 05y pre eetd piy plS O

239,50 eend (VASF) ala) 51 O oo 9 5001 oo
oo oz = lop oo + Ol gz + 09 o> A5

2992 a5 Gt il p U5 @

..bi &° Cowdo puntke Ja.ma.: ol C).b.n k}"’j) )‘ oolawl L: o9 u.«.s)) 4.1.7).46 U)‘ g0

Loy 04T Gy (G55 Greed ipide p U5 @
(asie 139 oS 5 g WIP 4o 00 s, 598 cilisie sla auo s g MiNi-SIUMP sods asbiss iolel 5l eolawl b

Dy on dumle HBLie 0SS (g, (398 Juo 0 g CpeaaS D9 cod sddlive ] jo Sl Ol aS dlul b >



oS> o szl g Sl Jeallygtws e o>y epryyey YA

VMA airyy laio yuoeni spiiins pl5 @
VO 5l s Sadlas ax,0 a5 S50 50 g oo plxl o bl 0,5 SIL Sasls blis o g lub ool
marble ool &3, g, 5l =,k 0 VMA a3Y aie Jlade i S 098 o0 dnosd VMAL Sl ool ail as o

Db oo ool

bgloio Stci] silij, ] o plS ®
bl 05 o 318 Sl 0,90 05155 095 4 boglsee (o aSely) slawsl J-RING iulesl 5l eolatul b al> o ol 5o
O° 5l sz J-RING Liolesl 51 s 9 J-RING olesl 51 L coodll )b > Jladie &iglss 3145 cowl & y90 cpl 4 I8
Wlgs oo Dlyunss (pl 28,5 a5 o bgloe )b (o 1) S1,0s8 o515 095 (i bl sl cde 4y b il o Lo
Wb I Ve B Ve i d ped oz Ginli8l g oS ojlail iSTlas rals

il 2y 0 gy el sl Cosgase g blse

Ll o

Rl 5o o515 093 5l 0550 szl g DY spmme das g all o p5 4 a5 5 diweselE MlS O jamy By, -
g oy el

e bL3 D) bailaSn o JB slad (o g Sam codlal ()l 2 iz )b o (55128 Cunglie bLs )l e~
Sawload a8 57 I3 0 )b ps psP (Sl J&s L

ol oad 4 3 5 o gg5u b 0 (CU) S5 16SG o o ol ke b beaslaSis gasasls —

el ool a8 3 ey s I"S‘J’ S5 yu bl C)‘J" 10 89,5 s C)Lo‘ osle 0929 pac b 09> -

Ao cyogdxs @

odal Gy (pilge y9l dilate pllas a4y azgi b yog 4 O Cond 5 (55L88 Cunglivo L3yl 4y bgyye Jlogas -
Do sy BT 098 aiSle ol ,0 o515 095 i Cewl 1,8 a5 gladlaie gl b g Col

ol oazs a3l (puntke L marble zole;l Mo ) cislejl slo b, 5l cam 5l cold muos -

4 S (i Cuwl 00l il 0395 Bad caadlol (b2 4 4z 95 b yood o2 (el Sz oS oloalal, -
Sl Cnges g S oo Al

b T G b a5 5 Bl &y o (el s i el 51 oS o J5i3 LB sagame -

sl il o Ll L g len



va VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

obl&o@ 9 GhaZi Ja.wg: o ‘\j‘)‘ ng) Y-y-¥

4;4.1.>).99L5)Lw_9 WBLM M‘\)bf‘\fw‘ 6“9) Le‘.usw‘ AW 43‘)‘ [81] yﬁw&whﬁy u,as) L)"‘

/}D)/Ji.oj d/)’/’uf)f.ﬂ.l}ulxb'/"/j/’ab’ o

ol oo Caws lso Jladie g olyT T iSTas olie ailaSiw ojlal jiSTas slo g V-F Jgax 5,0

oly5en s Ghazi og, yo 19o jlade g ol3T OT yiSTas polio V-F Jguo

(s o) 4105w 031031 43S 1o

Folil
a 'Y/ /0
Yoo Y\# YYA (caSa s yd p,5 k) Ol lue
Y YIo Y lg duoyo lade

Ol 0 O cowsi g ST T o s pg0 p 5 @

MAS 10 mm MAS 12.5 mm MAS 20 mm

fle MPa. s
25
35
45
55

65

75

olyen 9 GazZi gy 0 o131 OF (40,91 Caway Hloges B-F JSio

oo s Ghazi g 55 (g5Lad cuoglio g9 31 loww & T Cond A-F Jgu

& )LAS Caoglio
(J Sty )

Yo Ve 70 Fo AN be Yo e Yo Ve Yo Yo Vo

L7A S S0 A 1 SRRCYA W WENNCYA & SRRCYA ASEENCYA W SCYA & MENNEYA ¥ SR INAREEY ) SRRV A SR Y VN W/C




oS> o szl g Sl Jeallygtws e o>y epryyey Ao

Olows (som> g (g yMde diss s ipgus p U5 @
&u—‘gc Cowdy (Yl°'f) 4.14)‘) )‘ QLQM el )‘J&A 9 (Yo\'f) 4..‘4:‘) )‘ uLou«.o @)5 )‘J.O.o

W, =—" (Ya-f)

(e-%)
W

C

VA L S—
SGG, x1000
il oo sl 5l S s b bl JBs 21 SGG Ly, ol o o8

KLZ b g g e e i)l PO

Dy S b (39 Hlaie s

olen s GAZI (a9 10 ales b ouds o510 S (ol o o o 4-F Jouir

(FM) (o055 Jouo
(in seod) WASoiaw 3131 25T
\ YIA Yis Y/¥f
o/f¥ YAvd °/fA LN /0
LN E LN o [OY ° /04 \Y/0
o[ - I5Y oI5¥ I5% 14

(Kt 4057 5 sHlows Slpo g Glows 500 ) 050 &y o] Cossi ptd jpmiy p U5 @

08,5 oo s Vou¥ Jgaz 5l gl oyl

ol s Gazi gy 55 (Sw 1391 9 (Sloww 3150 9 (yloww E 020 ) 1091 & O (o> G (i V-F Jguz

(Vw/(Vc+Vi) (July Ko) (5L caoglito
A VO
Vb Yo
\ Yo
LAY o
°/q A
o [AD 70

°/A Yo




A VEeX/oV oV oST 5055 i bl z)b @l slaby; 2 sy90 = T Juad

10T oo Gy (YV-F) ol 51 Sl K j09 039

W, =V, xSGGL (T\-¥)

Gllo e o5, 4 jy ) wilAKiw jlido dwloeo (pida oI5 @

il oo oy (YY-F) a5l 5y aslaSw lade

. w w w w W,

w c L S

m° = + + + +a% (Yv-Y)
SGG,, x1000 SGG, x1000 SGG, x1000 SGG, x1000 SGG, x1000

1! ) C),w LE) @LQ wg..\.’?u: 9 L").A LS‘)“) Jlo U"‘ e o C)Ja.c L)""B)

blo @
SV gpzme g 4,5t O 5l 050 (55La8 Cuglie ulusl a5 4 o5 g ol ) oS sl &g, LS B9, cnl -

5yl 18 EFNARC [ cixe slocal) o0g0me (0 ous &Sl)] sl oogue g polie  —

o cyvguxs  ®

o S5 50 s el 0uid 7 e (ga IS a4y ail 00,8 jelate | allaSin bgle gusails a5 glakal, -~
ool ool a8 )3 Ja o 5y alaSw se 5 Jode

ol oaizs azd 5 ke o bglsee zub jo o] g (69,50,5 00isS Dol Sog3dl 5l eolansl -

sl odis oayd bglse 7,k 0 SIS Koo slaiolesl b g caodll (b > Jlade bLS,I g 31 -

sl 0 jalaie lowws 45 Ol Canis dnlne o bailan JSG g loww g9 51 -



@ omoorepeyman.ir



8 Joas

9 1y ! b Jlo

5153095 (o S39 9




@ omoorepeyman.ir



AD VEo Yo Y o\ oS 5055 o 58055, 5 S bl sloylons - O b

p1586% Ol sielehy 9 I LR sl yLxo

LS V-0

S 15055 i bl GRS Jaere R L dlie )0 aialige s35l55, 1) Slse Gl 9 SIS yesd oulil L3, ple
O Bl 3k G e 59515 STk Gl 355 ()9 SoS i 45 e o5l B el jeST ez g5 BB e o
900 (5 MBI daias (5 Bl 0 (6 e $9 515 Azl 999 )5 (o0 S Sleey 9 SRR 9 99 b o SN
S e g Cool lodzy sastie QLI sl T ol Gl dagiy plo 5l 6515093 o2 pales Lol e
ol ooy il Galisee slas lstiul o T 5

S8 5 st liee 00lS et 45 WIS e (Byme 03l o 5 Sl 1y LS (ACH) 16T o el
143] sl o 30,00 plEin 4o 5 caml> (LS plSin Lgle

OSal g s ks a5 Wl oo o] wlice b e w0jb o 5l ol 1) 2,5 Y(BS) bS5l s lasbin] dche
[46] el T oS o515

ggr ;S5ks 45 Cenl 03905 iy a3 e by 056 o 51 ciols g 4 1y LS TUSCE) uly lwdige crens!
[58] el Sailas plp 40 Cwglie g Sy, Lais b o515 5 asls LM

L o 6515 4 (phcews g oo Ko (e 5l soee 5 995 (59 o8 Gl Cebl oS coul (25 IS oSTs o
1354 34] sl o 1l

108,500 (lo V=0 Jgoz Billao 9 pj sl el )b lawgs o515 095 0 28

e Sl -

6)"-*?.1-3. -

y. American Concrete Institute
y. British Standards
v. Japan Society of Civil Engineering



wS1es> o szl s Sl Jeadlygtus ez s> gl ey A

wS150g5 i 2L V-0 Jgu

‘53]).'?‘ Curdyg g Slasino w)l.u

obacl sl sgame slad b olacl 3,8 5 bl
5 (e by oS L L g oS Cula b pye b

P 1y ol clue a8l O jgay b a5 (5950
&S

039 <8 O ol (bl
@blsy 00,8 maosx 00,5 p bl

_ _ o L P ORI Sz bl
55 O8ke b o, g Glakad gl 0 )5 (2l , .
slalas il Sgdoee Ja.s‘l,...u

2> 905 2y b Glkd b oo SLIJIL LS g0 JrICRUNHE

_ oSl (e SO0
o928 Sl g Slalill g0 Koo ol
oSk

adle Faslae ol jo Cwglie wb ol plos

OSen (Sealad sl sl ks 050 el ol 5 ploeil Laa> SUlgs
bl o Koo ol (L o515 b Slbad gl cunl b o ok S8
o Gl o basyls B oy s A5 Cod G aS S B i, Sl

).)‘).J L ngAA
S wola

()lb)
Syga |y goby alold b oo aizy ) olas )l 5l O

sl pal S ess wis b a8l

Skl b o 4z U pST5095 (0 aSinl 00 )13 b)) 990 Jiie O g il o 25 dasein 4w (ol 51 S5 o
Slp el 05 g9 4 dtnly Dol a4y g ke e wb aLily (Sadlaz ply o Cwglie g e Cobl ( SaiS
Omess Sl 50 o8 BB slags,bly; ol pen 4 (2l 50 Hai 0550 (sla el )l 45 Sl e (2,1 Slasiine Sl

209
2 ogdle ol olpom a3 (L33 b Vgano o Fablaz ply 53 Cunglin Crmizmad 5 j9ae 5 (S8 5 bl 2133
ST oy ol slacianbl aslol 1o b o Ll 5 Satlas sl o FaiiS bl il b Ygexe ol

sl 4385 )18 (o) 2 059

JEWSONT R

090 8o o515 L 0)95 5 0 9 b (b2 093 (459 Sl Cod Wlg e 9515095 (p &S el Sl ¢ jge LB
s yiSla s mas 0ib oo (59,51,5 9 pedad (i yeee ol 10T 50 Jelse 0uS jeue Slasl oaay 9

(-0 JS)



AY VoY o0V (ST 50e5 o 658085, 9 )5 ol glo lse - O Juad

5500 3L pa> b (2o 53 SCC (Suiss g jome coils V-0 S

SISy sl Y10

995 p 1) CIB o plad 0,500 b o515 0929 b g 095 (459 1 Cot Wl e oS 15095 b a5 el (LB
Az g ol J18 o eaies LS Ol g SKasl il o SaS  coblB ojlag $3IL 515 pe (e
Dgaslem iy SausS y col aisl eS Sl

Sylwl ¥-1-0

2 eolois S5 lizl 51 Sy o padlaz il o Cuglio 5 (0 (Ken Lk Ul w03l o (s laely 5 yslane
JLSL25 Sl 15 o8 8558 gm oS sl 35 53 Sy 59 sl Bl i oS 5 kB 6 St
SInb 5 (Sealnd 6 huly aies 50 4 o )l (IS ek @ sl sl caleS Ml e ol i
O o ‘QT oaums JSis gl adlas plp o i Caglie glie 4 o Saolino ol D oo popnls Gi..,L:.wl
Sl il 50 G Caglie pme (Sl oIl adlige LB o5 5 oo (JE 5 Jom LS

WAl e oS ey i sl

515095 o 55l glgsl V-0

(O Ol S Gley b YT ylej 5l ey oas LSid mdlas auje8 0 b;.io.:alj oS o ol aal aS b ylen

@‘9) Jdo @ ST 50e5 i ol cams T e Poere R RN GO XV 1 YWD NITOWE 9% Lg)l.s.il.;l.;&.; S5



wS13s> o szl s Sl Jeadlygtus ey s> gl ey AA

O ST wile salise sla S5 4y 5,lubl 5,05 1,3 6, lull gl (o rme 1o Jsans oy 5l i 0l ,lons
6L ol EoBs Mo i 3Ll o3b wST50s5 o o Cewl Sae TS il Tl S laz ol > sladl
LS| 3,8 (52518 0976 B ey bgline g5l 5 (5 osins S5 o llae Sleogas ol ok jlews o
&bl gl 51 Sy o0 lyo aolol o an T jled 4y 6 5lall 0 e ) ol oo dam (30,5 oy LS 5 (500

WAV PESIPNY T2y ‘le‘_’j SIS el cal O £999 He @oST50e5 o po

il O 1-Y-8
03l 0 50 6,lubl g (el glgl 5l S eyt JB3s yo o] Sy g it bl 5l T aslas b Saslail O
Dg>g Ayl odidd LSS CJLa.o plo b awlis yo g,j ‘;Li> 009 oS Jdo 4 gl &9 Ol el s Cgme

S| Y-Y-0

aS wlice 992y 4 als o slowdl asb e by od Ja8 L oslows! ooy (Seels g Il glgl 51 (SO
o &z (Sl gblio b bao Moo (o515 Jore 5o Jlo plsie a) Jore S 3 (ondge O30 4 2B > laaihaSn
5 Ol o O BB (Sdizr 925 poe «(5)IbL g5 nl (ol Cde oS o (65 ol (Gl s5ee 5l g s
2 oyl roge g wgaze Jolgd 5l jsae um 10 AlaKiw adge b o> 4 yzie 45 bl e baslan

Dgd oo by od JBB sl (o g &ilge oty

S las F-Y-0

i8S 03B (58 Oles 5o b g s (S 5 o Job 5o (e sl et s glaalaSin udlaa 4 ((Sadlae
5 928l o BT edle o8 B (65,515 5 o i JSas llan JRz o Sglis 5150 Loges (St iz 5 s

ol 0l s e g5 0l b5 Slgy o @ eSTogs i 5o T g5 Jlei]
S a4 Sl Sablas 0gd oo paeds Soilwl Sadlas g Sl Sablas aiws g0 4y j0 (Sadlas

Mo by o Y S O ygo s dloges ¢ Soblaz £55 ol Wigh oo i ES > e 0 dbdilaSiv 45 sgb o 41

y. Bleeding

v. Blockage
v. Segregation
. Settlement



A VEY/oY /0N oS 5055 5 (5055 5 5 bl sl Lne - O Juad

odlas sl el & le a8 bl co (Soliw! Sablas ( Sadlas 1 6,550 dges 0gd o 0dvlive (5 b > e 0
(Soblax ggi ul 31 os o)l JIE el clls jo i oS LKe et g ey Sl cou o sbaslaS

3,8 oo )18l (6VL L, O 5l sl 5 0gd oo e LB ol yo o sladilaKiw

( . 3 ') 0“ &, ““ f_Y_A

B ol Ceed jo wigls bles baslaSw ol jo aS sl Jayld 4y by e oS T5095 0 6l glgl 51 SO
e yed a5l aS jsblen wnsS e et 4 ol A AT 958 00 (50 (SReali (o5 A e cpol ) LS g,
3P 50 e e 4 0l oo LalaSn  Sadlas 5l ols g8 &8l jo daailaSin Jid & (ol aduie

Lol oals aid 3 b o Sadlae Jobee poiias x>l e

guae laseino § guae b b o3l oo b iule)T s bl ¥-0

sode V id g U aez L agr gloislo;l i)l sg25 o515055 o2 bl olis)) ol goonio sl sigles]
O ol jehite 4y ail oo ju (Sod bz ol o i Caglie (580l 4 0l8 (_;.».5], ol (65051l
Slods iy 5 552 S sl talesT sl (Js3 1B (sloesgasma s Sl 1o 1T 5055 (2 celio S35)55, ol
R AW O WA SA PRELY

12 oS ol 53 L5 olie 5 o505 o3 (5 (6015 sl inlos] g on cunlivn Y-8 gz 53 o 4555 sles
ol g Wges i yezl RIlEM w0 i o2 g EFNARC (ol oy aslipm] alox 5l cilises azlyo
S elaS o sy ekite o el oad ools HLis aS 558 yled Ll sui 00ls lis cnl sl (ply ol ras awdige
el 00 03l Lt ilizes tgles] paiz oST50g3 o3l oy Loly>

solitul Galises w1505 byt slp 5 oS5 O ygo 4 Yoone ool S5 e polie g oad slgiiny sloiales]
slosle sl a5 aST0s5 o g lages 5 i Dlided el g W (5 ezl Billae Jle (gl 2igd o0
5 4l VLY G (Tso)T 500 epio il YO 80 oy codlul b, slls il S oo oolii] ol pos  swskiges
il oAl i JS8 L oasz (o)l azis (ruizeen

W15 e ot Lald 4 o) (i o o0ls ol Y- Jyaz 5 45 J5i3 B 5 o (slassgasmo
b Jle sl S o et 5 L tales] cenlin (sloosgame byl (sl i b &dly o 5 ls ankad g5 g bao Sl
aisl &jge ay aalsl ;o5 5 eoliitul (6 (SOUS 5 g y5ee bl Slgy b (s 5wl 0 Shee Gliee 34

e 485 850 g Slaseii 5 S5 L o055 o3 5 LIS (sloialej] @l oo abaly e



oS 1y0gs 0 Szl g cle Joddlygiws P SEIRIES VEoY oY/ o)

o3 o ) s shlosl gl sl chlizs g2 po byl (g0l J9u3 BB 9 jlxo polin Y-8 Jgur

Gliceo a0 50 0ol Slgiliy polio

ool

Olasin

Ly

ol AO b Jaslgs cole, b e il YO B OO oyl pl oy asls oyl e
).«.A‘sul...u Ao b 20 Oy ‘5>Lt$)‘ 4....09; .

Fagle Yo bFe i iinl (rmiige ozl o

Foemle £2 51 5 i teanii Giog i sl e

o il YO U FO (y i0gus 5y (el @

el (4l >

asbobyY L’,.:._):Jﬁ‘&:.gubwylo
A O B Y 008 e (i gl @

Mbvuv‘ydj}wuﬂm‘o

Fogilo B0 ploj
U]

9 G Ry S
ol Sl
g Saild)

(B yg

sl A S| a8 s ) o asl ol e

4B VY B 7 o ol anogi @

il Ve UF o 00 o (i giindl @

KBV G

b i adgl st 51l Y51 s wlo i obg,l dnogi g ol oy asl ol e

480 0 jlomV a3

oINS 5 o)l o 4l u-“—| .
oI5l 5855 obsl anogs e
*IVO 5l 555 0Bty G gl @

oA 5l 8 18 gm syl e

IS L oaes
(h2/h1)

Qﬁ‘&bogo.gs\]dbbw)blcqj?@uwd)t;ﬁ:Q1ﬁ|&qubw’|o
ok B0 L YO

s o Vo 3l S wddls o g 8 o elas ) ST ol aogi e

09 5\] aal> la w)l.w‘ QL‘)} Gl.u O s 035 e (R 5““‘""‘""

yo ko B0 L YO 5l seSail>

J @l

sgosl)
sl (S L
Lol yod joue
oo 9.9 yKlro

(X

VU 2 G oS e O sl 9 Olnl G sl Gl e

VSI

Jgd BB e Lo YO 5568 cogllas Vo 51 aS tl ol 0 anl ol o
Sk Al S 089 2 (racxl @
Sacks A5l s Rilem e

S

sllas 110 51 a8 5 Jsud BB LYo 5 2aS sl o asl ]

S b

Oollas duo o Vo 5l e g Jgd BB o ,0 VO 5l S tpyl ol i 4l ol e
Jgd BB ooy Ve 5l S oSG el oy ezl o

Syl Hyw

&S wblas
S bl
39 Ceoglio)
2»

& (Sodlas
Ol g (i
(sl

S3boe @ lye 31 S e alejl iy a4 az g b Jgax )0 ot )l ladiogs 5 350




1 VEo Yo Y o\ oS 5055 o 58055, 5 S bl sloylons - O b

o B 5l 5 0bj 8 Shoo o a5 Slabad 5 Lasl 4 oST5055 ot ol 3,15t o L5 oo L5 a5 jsblea
258 SelilB g Sloy b (o051 5095 5l al b ansls (6 i 0 s cadaio 4z 2 &dly )5 iilige o ytws LB
5 el g il s BB e ablie 5 0l sasly) Gl 45 5y 50 el osdle 59 oaliul (g i
OSes Gub 5l s L0 sezs o] A oy el aS ablie Wlgy a5 5g solil SIS Jls, b o
g e o3 Sl b o ) ool 4y sog3) s abolie pol dy Comnd (5508 8,Shes a5 b Jls wile  sabolie
w515 (gdae) anbd Culs g Jsb (gos Jold &5 plodl Slasin 5 g9 b s pe b 0515095 0% sla)lns
g g

sl 00l plod mhaws Cootl (e eizmen g Grey b g ST el jlosliiul wiile (g0 o, (ol egdle
@S el g slme polie F-0 Jouzr ;0 .55 (0 130 0515095 G Jod (BB g slne polie g Lalgs )0 5
ol 00 ool oyl Lasl S g Slasuin 4 ax g5 b oS 15055 0 slaioles]

5ol 5, 5he e b slaojls yo a5 aST 095 o il oo o San 5 DAZCKO wliiss Lol a5 Jooz ol o
Sl O LY o (T50) e cilo B0 olej e ye c6bo #F 51 s coodlal b2 il o oo oaliiul ouumy JS4
bl il asl Ve B F o JS6V s 5l 29,5 loy 9 o/VO 5 sian (N2/N1) JSo tole;] 50 sloudl cos ¢ %e

é}wd.o LimA )L>o O 9 S WLAA aS Swd @L@Wb A_S).x.o ‘oéj? )9.»;[.@



el o 4l
w1 30e3 o sll g Cole el gt oy >

VFeY/ev/e

i gras Olasuin g eud soliiw! 8 Xl do s il »SCC Ples )y ¢l e el owlo;l &9 il glosaly Y-8 Jgus

(0 o) J 4l pislojl

(4B V b (o Lo Lo sl 5 ) L dprer doeei (Fo ko) quodbol by azmais | ol Glasedio 9 byl o

| 5] KIS

%/////////////%/ f///////// f///////// Losgte o oslin
oS

% bugie (S gas Gee
//////%%// :;

. I j/// ] f//////// bogie o gie Jsb
WWW/%W . %/%%/%} :5

| | | P

o

g 0 dpog § didued cawlin a5 B ool B jxe w0095 H5ils 3blie

ay



¥ VEo Yo Y o\ oS 5055 o $58055) 5 S bl sloylons - O b

dw 1y 05l woST5053 i ccwdl by ialejl 5l ennel Cawds ol sl 1 sbsyl slealy wjlge () 5 ogdle

&S oo s $20 Jgaz Bollae atwd

oMl (b 2 wlwl o5 1,5095 (1 (s Al F-0 Jgu

(o Hlw) eadbol 3Ly REXES
20— 00 SF1
Yo-58 SF2
AO-Y§& SF3

S8l ol 4 gl T o a5 ras sloosglls o b gad ,Shie o5 b ghee é o sboojles (sl SFL 0o,

SF3 ob) 9 n.\.u.)l.)GA WL.A LSJJ)U"" Js‘m Lngo);)lS )‘ 6)L..m) 6‘).: SF2 ob) Q}wsﬂa oolawl ‘WA.A_) u.u @Ysk

3 g oolatul oszy sy B 5 JS5 1 3 Shee y (slaojl o

el 00s 00,91 dalad £55 a4y a5 b coodll by iolesl Jod BB s 5l slaods 55 070 Jeax o

oMbl 3l 52 e lo3T s laze 51 slaods 8-0 Jguz

(o o) oDl b 5> (as85) T50 sbxo
Yoo U Ode
o3l 28T b ols o lge )0 ALY
5 S b e e VYO ailaKis ol &% 4ol
Ade b 3, 0olall 598 (gumasls céb
Fosheo
(Sl glas ) 5) 0- ¥
AD -0 LTSI )
(Q‘J.Q.C (W Lchbaﬁ)Lf) Y-Y
0F 5| i — ICAR
YO-Fo )|9.3.~> 9 09“"“’ \Y-Y )19.;9 9 05"‘“’
395
Z0-0° 4.»..»9.» VoY 4.»..»9.»
Ve 5l G — ol
Olwdige (yozxil
Fosl e Vo-v

o5 ol e




pSos> o szl s el Jedlljgiws ooy 3> e op oy

ol sl )l $-0 Jgus

69y 2 U oS ilolu3l

B cabild 2 okl
G| Sebeex | Cwglie | gylul Ty @)
I 0o

_ _ _ - + + ol ol ) all
- - + + - + e 2> Gl YA

0 0 + - + + 0disS lg, 598 Ll Yl

BN -

4 " + + - - UT u@lf \s_é

+
+
|
|
|
|

WWM‘S Yo

|
+

|

|

255 syt el | Yoo

o | o
o | o

+ - - 65)-;‘; 0dsS C)L@‘ oly. U.J)B‘ Yo

Py 609 oS sl eslatul do

|
|
o |O | O
+
+
+

+ + + B35 dwle )'| oolazul Fo

Sl 0y s s s -

0 0 + - + * odiSly, Gd pIP | Ve

- - + + + + o> o> U.J)B‘ Ys?:

- - + + + + Mo ez i3l Yo

S dlas &

0 0 + + + + o> S w:;pu.ul)sl o

- - + + + + e > w‘p‘ Yo

+ + + + - - g;l )LA.E.A u».ch( A

_ _ 0 + ¥ + Py g 3l eolazul fo
s e cal &

b ol Lo 5l oslial

0 0 - - 0 0 0disS LS lee a3l ey

¢ ¢ ¢ ¢ 0 g, 35 ,Su0 g8 5l oolinl | Y

¢ ¢ ¢ ¢ ¢ ¢ closss 03038 3 i3 | F
Slas! z

_ _ — + + + FHRL ST o)'Lb" ,5‘..\> ug.mlf \C

— — + + + + o> > [l w‘ﬁ‘ YC

_ - + + + + e > u...»l)sl Y‘C

n.a n.a ‘ n.a | n.a ! n.a ‘ n.a ol kalys Jyus | Vg

Sp g0 485 5 @l Ygana +
ol a5l o gl 6 1 Vgane -




0 VEo Yo Y o\ oS 5055 o $58055) 5 S bl sloylons - O b

5,8 lp lbaroy al)l s (ol o ael Gl pgs al) 158 S5y el 5 Ca o lojl VoY 4,05 o
S5 0, 5 (8aK) 52 salls 3l Koo (oST,3) sl 31 s el ooy 5 Sl oS53 (5 03, 0

ool 0ol il s apogs ] -8 Jgo V-8 Jooz jo el ool ]| anlad clbes



@ omoorepeyman.ir



7 Jas

o Boldeo 7 3b 3 gdlaw Oladuin

15995




@ omoorepeyman.ir



13 VEoT o ¥ o\ uST 5055 oy bglie b 5 pllas Slasie - & b

515095 i L olno 7 b ¢ Alaw lain

las ol gloal,y 1-5

S0 oolaiwl 35 @wST50g3 b Cole jo Glg e e oo oolainl Jsexe slagyn slp &S odlas 31 IS ek 4
sl ezl e Sl e 5 ol oy sl oy oo Jailias] 4 o 4yl Sl sillae sl las Slaseds az 51
slotrog 5 oLl o] ogde 1 ol o3 (5L 3,50 Slolll o505 0,515 5 ddss o 15550 31 limeds gz s
s&s))‘; oA.L.ZS C)La‘ 0‘54: 46M> LQLQ)O}» cuLo...w L)")i"l} é‘yc ‘UL“"“’ LQLQQ;)"ﬁ ~.\.»..) g)"‘ )b 09.»» .L:l.?J ).u ).’)

Cewlodls 4.’|)| (5“)9)9‘ \)‘9.9 9 FHRCET

loSoaw V-5

L @lae Wb Joore sbrailaSn IS Slall oges oolain] Jgare 5 S sladilaSws 31 g5 oo 0515055 oy 4o
ol Gl g palae S .ol FAAD ol b Gllae Sew sloailaSiw g Yo Y o los 4 o ol Lo 5 lasben!
S ook Dl Hlars 1y oS15055 b (ele ilsioe g 009 )10 95 ok Cuenl el ) as po 5 (gl
J3 80 e 3 55 0 5 (SR S 5 s 5 0351 Canal by Sl 1,5 a3l 58 0520 5 UK
Syg0 Do g e Gliee drwlone Sle (JHZ 00 )0 (et (1 bslie g5k slahy) (B o Grigres il
Ailgs so Ao bgldee jo alwgnl ganails b g o3lasl SO gamaile b cul jo slaaslaSn 5l oolainl .ol LS

g,y ey

o yo gailasuw V-V-)-F
Dl oo Sgate oo VA 4 Yg_o.m g 95 oo Bl LAl 0550 0 0,5 4y Aty ailaSiw ol iSTas -
bl pl 050 pad baliee (gl g jeee CoLlB bl p b 1) cld o sbhailaSw ojlwl iSTas -

ol Aoy wolie 1 5SS (0 lasliv] slacsIl wlul 1) oslail SOy aslaSois ol xS Tas 09l co dpogs



pS1pos> o szl s el Jedlljgiws ooy 3l e op oy

Ao gowl 03103l S Ta 58 o Aoy pitmed ges DG sliiul 0,50 sladali ST g il he o
il pSasS pj polie 5l el

8 (Sl 8 alold o 555 ry S O

teo Jlo b dalad Cwlxs pgw S O

o3 Sl 55, iy Calind JBla ooz 4 O

Lo Sle oy ol3T alolé p)le> 4 O
2,5 Sz yie Jue VYO @ slosl ialS cya |y baslaSw ojlasl iSTas el oo dnogs
Jlas LaaslaSin slowl asyl gl cnl o Lo VYO 51 25550 ailaSis ojlail iSlas (ST el oo dpogs
ool oals (gauails g 5y oS 3l g ol o B YY B YA o a0 alaSn o> Col g 09l
o5
b slawdl S sl s ke 3lgs oo €V ey 5 4L aasy iolesl
alaSin ol Of Jlade b (Jlie Glgte ) abl Sge oI5 50 Wlg e ooy slaailaSan JS 4z S
3heslawl gl shogams (Jg ()l AlSll 5 algT 50 AlaSin A Cond G Heee bl algSe T
D000 092 W51 50s5 0 (0 AllSE b g adgSe 8 slaaslaSin
Wbl so Hae i balie (S5 Slastin sgun jo @it slaojlul b sleaslasn oSy
(o > AL Q) YoV olnl o ojlabint lalgs gllas b (ldd,9) (Ng 5 (&iam laslaiw 5l ool

S ol 151,505 00 4 oyl 8,5 5 0, o dogs d> 51 ol
P < 7 PO O Ol 08 3l 09 o0 dpogi 4z )5 2

3y Slasww Y-V-)-F
el o ladilaSiis 5l pieal b jlaw o3l oS15095 0 elex p 3y cleailaSan 56
Ol ye o o/oVO 5l 5y o> 0 g ok NYOL /N0 Sl 51 55y sbadils axlie (S o
Wlos,S jskaie (5,05 Slge lgs
TR H RN TN Gl Db ooy sdilalin Ol o SKaol alS cel s woe (ioli8l ax 3]
JOU PO T e
GlalaSn oS 5 Jle Hebay) 5, alaSw Wz oS 5l coslhas gandils 4 olowws gl o)lge 25T 50
g g0 olaiwl (Sl g g 3,
03 (oie b «pS1 595 (y» ohg (ganails (s Sl (539055, Lolg A (alis sl 09h oo dnogs

e skl Gl Vo s laibiwl jo sad 4]l «)



Vel VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

G0 ousS p ¥-V-)-F

sy 3 ol 52y s 5 005 el 5 il ) el sleygy ol a5, slaoniiS, -
..\99..»(5/: g_na).:.: )..,oj).i..q Yo S )| G u‘)o u,uLu‘).: ’Yw 9 002 )iu) A‘B.A ‘5>-)) 9 FYR\ W

TLI S PP R VL 0. S UHE PR P S R YBA.M Wbl oo 409 Oyga a5 5y e leonisS -
b oo o5 o] Hladie ax 515 ls 3929 s dwle (gamails jo oy, slaoaisS

Sl 00,5118 G Jgame 55 cpl ax ST el 5y 0lge 40,5 Glewl ( Sore slooaisS 5 ol s oo -
é.QT Lico J}o.xa )9‘b aQ sLQOu\.MS).) )‘ &9.) L)"‘ VS-S L?m L;)"ﬁ 6‘)‘0 ual? GLQO).))K Lg‘)" 9 o
55l

Wgd Lol dlflas & jgeay b auil awle 51 cidn Cwl (S wilo gy, olge ol -

3529 ¢ ymizrad bl oo e b oSy (gaindils g Sl yogs HloaleS (S (laaslaSin L) ale aslie -
b g oogad i |y 031 (2 50 d92ge ol alilgi o Loy 9565 )8 azgi )90 il e olse ;S0 5 ()

o T gy STy 9 S5 855 4 (S By 53U Gl -
Al o (2l SIS e 4o g oile jeesd (s Lu i Caaglie g aLass Culi yloges 4y O G a5

o o 3blin 10 pgaty wolilel LSas 5l sl Sllgw ol 5 s 5 Sl sleasS , leolaiwl o -
Sgaote 8 Dladuive 3l S 50 5, leoaisS sl eolatul (wlul pl 506l cwypw Wb Oladgw om0 0 g

S5 Gezmen ooyl 15U Cow 45) QLS 58 Saxe (5 laeaiS p K0 gy sleesisS 56 -
18 518 o350 90 55 0590 Of (e 6 S 03l b lg sa 1 (Canl (satsails g 2l (o9 JloagS

LS it o olite ool L 5 26T b olyion 1y 60 00 o ST olga b oy 055 -
51 olg oed odel s ol Lol 500 &yl s BB ) glgil o S9li5 olev e bl iales]
3,8 0425 55 o] eads Dol sla oy, ax ST .cily gloasl b, 5 BU ol 5 e

3y Jdoas 5Ls 8,50 T e Ygane o oo 1,3 ooliinl 550 dule (350l loin oS, a5 olKin  —
&8 13 eolainl 050 Gleww 35l e WoaisS 5 ST 0uS e oy ioli8l lo g ) olge Hlade yals
Ol s STols zals 1) Ol Jlade )55 oo o509 0058 5 olge (gaiails ¢ IS 4y ey 5 3,lg0 25T o
il B ol i Jdas Canl S «(5,090 00iiS 50,5 adlal b wogd aiilools coli leww 4
S s Giali8l 5o g lid Caeglie ¢ ylos yadas] o (0 (6,09 0aiiS y blie Sl g bl



pS1pos> o szl s el Jedlljgiws ooy 3l e op oy Vey

adgl i 5 Canglie dzel o S a i | adaslue ery] AilgS oo (yuiored J@T&»Gba)% -

Olosw Y-V-F

O Gl B Sy g b Jaeme Glagi alie (oST5oe> i j0 less glgil lesliial 4y by o DLl
oo lasbin] Sloldl b gllas coolaiwl 5 50 (sl jlosws Slastive Wl (wlal cpul 1 0ed cad 423 )3 Jlas o (ST 5045
b aisee] Gloyloww g oilip loloww slp oyl ! Lo

1955 518 az g5 550 ylosw Elgil 5l okl sly Wilgi oy Sloaoys

JNS 236 oS o558 o Shae b Brae Glie 2oy 5 CoA waile o Slanine (S p &S ol 5l -

e OBl a5 (60l )0 (ppad a st 7S bl 90 (nl o Sles 092 5 ()L b Canl o3V el
el Cegat] Bl laas Sl b g8 LRIl w300 0disS g, 558

il it b e gy S il il 5 ol ol Ll ol ool plon 5 -

g bl oyl o

Ol (239 8lgo Y-)-F

SYsis £9558 Slge b (Same (5,05 Slge Sl Gl 5550 ($35l5, Rlet A liws Sy SCC o (Jsare j5b 4
..\....-JL»GA ))9.40 k;é.m‘é.} ).:‘)) 9 WBLM 9 léL?Lm.)‘ EYES 9 O9ufr O 0‘9.0 u)‘ oﬁ)lf 09.»..4(5@ oolawl (ul.Q—A.MJ u.:)il})

sk fge Sl oS 5 g Gubailione sles 4zl )0 g lesw Jle (RalS 50 0l oo o Ve (e

abniodgd 1-Y)-$

bsloee (Fadlaz plp )0 Cuglie 3 9 095 (S o comrkemodgs sladils (69,5 JS& g 0L Sl (05

Wiz o] 51 eolitasl bl o Fon ylmm w30 9, b KESIl T alS 5 udiongs a5 o] 3l o o o

S g 50 dlml @ lgiee 9590 ol 50 45 @5l sgz g o (e Y g e el SiS Ldoas | (ISt

Syl Slell Gl Wl (Brae Guediwosgs 0,5 o)Lil o mhaw mdand o JUl loj )0 (IS (S99
A5 VYFYVA o led 4 ol Lo



VeV VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

oS sl slaas,s Wil oo lasw Ol,5 o)l au)es 0556 5 o)l mli ediwosgs cu3Kol> Gliee 3l
doy Vo a5 edinosss Bpae e ST 09 o 6 med S35 bl Eel Ygons (ds,0 B 5l 2eS)

.09,:;3‘5& Sgdoro

SIS 2T 0585 03l e Y-¥—)-F
Olos b a5l & 900 ) Ysome 45 wailigo o5 ol s slos b Jlad j90 o Olsie & (538 T 058 o)l
ALl 2 bgloue 4y izl [0 LS plin )0 9 a0 e &jg0 a4 do)9lS (5 0 4z ST o9 oo ad e waili
b loses Slasine wil oo Sse (sli) G5 2ol ame 15 5 g lub s o)l ol ol 5 eoliiul .oxlei oo
il ol e s st b gillas wuly (glo b s

6ol s> Y-Y-)-F
Ol 9 @bl St w9 005 Joo dezle (ozmen il 0 Blo 5 59,5 JSI e 4 ol S 08
e Sy oo Bpan ol Ol a4 0 byl cawlus 1alS o g0l S 5l solaiwl agd cwdl!
sL ASTM C618 s jlusbew! alel JIL 5slao

ol olge )50 F-Y--F
OR 5 S0 dlge K00 g Slg; @i g FuS1E (b slagYgie (Pl Gezmen golge I colinul
8 oy 390 alBlaz g B0 4yl Do oy g Do oBeT ple Loyl LS50 a5 el e by d (oS T 505

=

S8

o (F0938! dlgo F-1-F
Dl oo 0515095 oy 50 oolitul 850 oleonds (599581 Slge o 5 Lol 51T (48 saims el L oaisS s, 398
Slge ;S50 31all YAV o leds 4y ol pl o o lasbis) Gl b gillae b oolatl 8,90 (309531 olge glgil Slasiv
g0 0ol 35 T WS g 15045 Gl Gl Slge (VMA) (59,51,5 0aisS #Mol olge 4y lg5 o B s 3590 (3953



oS> o szl Sl Jaallygtws e sl gp ey Vo f

5 P sbapi alie (69515 ouS gilal slgs 5l 1ue ) (pleerd (S5933 Slge I oolittul o9 § Dlaseie

o 02258 3J55 o b s
Log (o9l ool (alrond 5 (S5 (ol @l i 0o 4 (olitws sl (33958l Slge Dlasuin 5 g4 S
2 O okes 5 Bran Gline eilsi o0 CoA oo 5 olllB ()5 ko 55y szme holss -l (Glogs s

20 Oeied 0 S 18 geil g sy 050 CBS A (50938 Blge (6,5l g o drog bl (pl p ol Fge oo

g plaeil 03Y sla J uS Wb  slge 0aisS el jo ik O 90

T 595 odlST oS 195395 303381 Slge V- F-)—F
& S (6 peilin 3,Skoc 85 23l g S 2,5 Lyl 2 (sloaials’ 398 slge b Ygana | oST5055 slacy
Eligilgas pede § NSFC oy o510 apille b gl g s rasle) wiogs laciligilgws aly 45 sogad s
wlools i g5 3 (MSFC ot o510 amalla b
2 7S 8 e Bras e LIS (S5 Tl aly (50958 olge «ligdlp 4l T onialS Slse L aylie 5o
e gl (il g ol a g oLlS euims i (255 Ole;
plel (g e slojles bl 2 1 0lge S0 b T ()55l 5 B pan liee (09381 Sl (ELSadg Jgare jb 4y
S b o Jlg,) cmodlol Laim b5 15 sl 33 Log s 2l o e filinsl o oot ]l (glaygsl 5l i 4 S o
5 B Slasia (Ji5 5 o blog pulul 2 Ygane (Jlg, Laim sln o3¥ ooy Sute g S8 55 350 ol
g en S (o 5 0k g Cush oo wile) (perlil Ll
Lix Ol rals plie p Wlgige oo sloen2e; £55 b B uniy Job aiile ol s Slasein ;0 i
(S 52,8 b aly o glaonials 59 (wlul ol o als Fge adgl (i ;0 Cenglie drngi 5 (5,5 oy e 25
Slaidon 0515095 (% 5o eolaiul (5l S o sl (LuSs B e (e g lacadlul o 1) (6 b pos (55,5 a5
@D L Wlgi e a5 (G058l oole Sy ( (SMenS 52,5 b s yerly Wiz oS 5l 09 h o0 Sleiiiey rigres sl se
olw s lid g ) Gleww Slasin 4 cawlus ol
7)) Slisalgm (sl 399331 4 s c0dae Jo 53 & (S 52,5y OF (sloosials 35 o115 Lai> ol Vgons
Jo e 4 5 0092 S8 loc slaails 5l (65595 Jolg jo (eSS (b slapocy (008 slo e ol s
S lgee (heSnS b sloyeddy 51 B esd i plase padaihae p Rl el glapley

Wigd Glowms S O Gabdilae anTd b o 5 a4 g esile Bl ol laslone



Vb VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

Sl olgo Y-F-1-5

S Oeize Sgdge oolitul (asol s (a5 sleasz plp o plss Gl sl Slecola dlse I Jsene 5k 4,

aile) pS (5,09 dlgs (e b plabgle ;o g lul (lBl b ol mhw S loy jo Cdgg sl cow slals

Shyailiw! Sll L Gillae b jlucls slge Slasiie abl co dube jlucls (55538 olge (o5 awglie b olagy
sl VAT o)l 4 ol Lo

(VMA) 595i1,5 0uiiS 5ol sid9331 olgo T¥—F V-5
el Jyono j3b 4y 050 DBl ol 5 (S Ol )0 pglie dlge a5 g951,5 00t Mol (og38l olgs
s 5 I Bl e 5355 pebd 5 atle oy bsbe (s3glsh, olaiie aas b i Sy
Hgdo ' SBp (SI8ES)
5| s o5l 3lS kB (galS |, SEILT il | (St 5 plyd o Szl 40 Ceaslie VMA
SalS |, s Slasin 15 s Sl g oSan | (4iaSh duls 5 S ganails b Lloalais aile) plas
...\J.Qbsa
5 VMA 5l solasl ccnl (Sae Jg «cdlo VMA 5l ool jaas 1) o515 095 o Y] s> 05 o0 dogs
el LailaSns (ganals a5 63,150 ;5 b dges Sy B0 b plgised |y baailaSion Zugh; a5 loj (ysoren Sl 25
A0l (559,50 «anl WS Al olse Jlade 5 009
R SMGS) 42,0 5 6955 (ol G Gl Gl oS Wl VMA gl Sl 5l Se oYy e
OYs doo ks a5 (55,15 0aiS ol Blge s oo 25 1) O Sl 4 S Sl &S 0nl (0l 355 o0
(5l Yymna o el ST Slgo o8 o 5 ebindh 5 oS e 53 e el ol (S cdiBly o ol licia
Jsse 5 (ied Cenglin os)Lid Cunglie Ygorn Hobus Juie (S g30m 5 Vg Gmo (i 5,05 055 e 5o
IRCEXYPE LI PP LSO Y

pS1iogs i bolke g5k oleiln (9, V-7
wlely aus L ool &l Lss j0 a5 (g 1515095 ( Jaere o) b balws )b sl oy, alS ax 31
yobie jo el gla by, Dglas Jl ul b g cas i siule)l balse Colu o yog, 51 S g 4o 5 alils
5 einlej] labglsue slaws 10,5 oS clol> slaz b o (golamdl wolatw! o «yiin pate ool )b 0,8

y - Thixotropy
v - Shear thinning



pS1509> i sl s cole Jeallygiws oy >y ey ooy Vo§

5 o9 plae Slasin (oo il Lulyl 5 UGl Glow i b bayetS 2T wlal cnl 5 Bl 08

WS o olpiian Lol b Sl 1) et SR syl
Sl azgi b (Jg sl ool ploxil 1515055 bayi bgldws 75k (b9, (12995 sl g39950 slo,l5 5 Lo 55857 5o
Ol 00 S9rge Sy 0l (g (il 9 S coly Sl 35 e )0 Jsene Slag bolie 75k )
O bt 25k sy (s Sl ) elie s (@081 5055 0 anne 0 0ad plnil Cliidss eioren 5 ogas

Cawloads sl 15 i 4 ol bl aS ol 00,51 04290 @51 5095

S g LIS VY5

9o el ax b o agh 0 4 (5958 A el 50 515 polie g e i a1 cbglie 2y S gboa
ol w9 03U o ole ridn 90 4 oS 1y 09 iy Slall cplaus u~°L’ I 5L 0,50 Slaldl g il 48 poay
ol 5 Sl (oob5 Eomal IS (399555 Lols) o3 Sl 5 (o alsE (950 03,51 Yens § 95 go e
w5lise gibae 0151 g pls 5 55L88 Canslie

@ el Gl 2B ln 39995, Geel p (e @S T5095 b byl Sladuns s (soleiay
Iy ehz! 99y il oolu L plS 12 10 00l crw coduzmy (00 Olewbows 4 5Ld pas g colainl jo Cdgpm jolaie
A20,l,8 S L] o

olas 725 U 30 oz b &g a5 sl ) Sloww je 50 Blae laailaln ab 5 byl 7 )b g, ol b
4w SCC bglswo 7,b a4y oliiws slp (g, (nl o el ool )l ais 8 Gyl g bl ] j0 a5 el sa ool
58,5 Lk 0 gl 4 aied ge Ol Gl g (g loaldsS (S wojlail mSTas (gassdils wlul ol beaslaSw
5 3y salalin bolse) oS5 Cdb o balaSin ple @wlllas job a4 el yo 5 Sho o, sbaailalin plg>
Wigdse (2l (S

VO sga> 5l 55, duls olge ded g lga (Ol 5l ad 098 co Gpmad 00l 00ls ladilaSKiw Glp oS @z (s
e LA ple 4 IS jekay 5L 00 e pox> Plas 090 e 3L 0550 e lade JBlas oyl SCC
5 O S99y & el ln (Gloww (Relr Slge g Glons dsp (5 35 (0l 0lae) es S T aled

s ol po Slowa Slge by Lo e 2al331 b logy) jas o (a8l 095 oo dings cogllas onds Cuw oy

y - Solid Suspension, Suspension of aggregates in paste



VeV VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

L5 5l sl oIS il Sglite s )5 4 A Wi e SCC o bgline o0 ckas Lol g 3 0y90 LS
sl @ b 6235 (Shy aw ol 51 ye 098 b3 (Sadlaz ply j0 Caglia g e SUlg 3,8 » SUly
gl bl e

slabglie Wb g 99,00 @ 0515055 o bolse )b adsl slosal) lyie a4y ool Sl g, a5 ol S5 LB
290 5 6)lid Cawglin gl gy 3l G g Wgd aSle o515 Ll b b illas yioren g ool jo iubejl
50,5 ol ebglie slizl ol 5 loins b bl

3 31,5 aals Y-Y-5
el 25 £ 4 015055 o5k bslo £k g, cal 0)lS asl

03, b calizee iy sloojl g lopleizl 1o B pas 5550 oST5055 slapy lizl polie g lbcuud (ped -
130 5,15 aasie Cenglio dmadlol iz Gialogl) (s, olies ilio (slass, (285 L5 4o | C50
5 ol ot Al (o8 Slasie Lalss plo s is) 5 Jom Tl 5 SIS S 5 cslo Ly

B DCES I DA [N

dlged 08 BB s joka oo slagin bolse 25k (sl p (bgy cal -

Lol b cbpls ¥-v-

Tl Bun (g)Lid Canglio g jlme Byl cpuni 1 gl o5 1YY -7
oo 5l oslatul b jloe Gl youl wl cdan (5 led Cunglie s s o 4ol ol pod Al ooy Juad 4y 4z g5 L

g dlos Bua (6Lid Cuoglie ol ] 0l F-0-0 a Bilhae Gues 5 ueed Y-0-0 5100

GBud cadlwl ol y2 ol we Ll ipg0 o8 Y-¥-Y-5
W1 Sendy g golal Slatine & azg L (0F Jpar ot 00 Blle) e bl ol i alse 00l 52

D9800 et §-7 Jgazr NP Jguz I leo K



pS1pos> o szl s el Jedlljgiws ooy 3l e op oy

V (oSl s =) 515095 9 o515 lwl Sbacris Silg) 9 2T Gl gl adgl slosaly V-5 Jgur

b= ok

3,5 3,50 el ohoz o2,
' o]
Sk '
28l (ECC) o515 ol o chonds (o515 g 5 0k 0 Koo 2 b b S5 lasd (s oo b SFO
e e YO U ol g o Lo Vo ailaSw ojlail piSTas o5y (L U 5,y (gamalls
Bl IS g s B Lo o5 (Saumm Lol b 0 e x> L L SU Slalad ol
Yo alaSin o)l 2STam ol 33 o515 el b oy b samails il e O b sgamme Bb+-5b- SF1
S b e e
S g s B o Saizs lils ol s o Ko oo UL SU s ladad ol
pae g yeS b e Jae VYO wlaSiw ojlasl jiSTas o, oolal 558 (gamails <8l o Vo b adl FO-VO SF2
w15 ol
5 &l 5o 0l (Saezme Gl by ealall@ed o Koo pax> L L S5 (L wlalad ol
oS L Les VYO ailaSi o)l 5STas o, eolall@sd sonails Cil e Vo b 8l oS > YO—AB "SF3
WSy ol pae g

R gobazdl g (8 sblhe plo b o515 (68150 Sl pae oy 5 Blalsd b o lgige |y oS5 095 L (ST Gl oty el o (1)
Sy 8% ST 5og3
ol ailaSas ojlasl jiSlas 50 ls ol olad 4y 5L xlalol 5 (Sadlaz 5l S sl g o bbb 7, @ISiw blsay SF3 oo, 5.5 )54 (T)

WS o 3l e due VY/O 5l 5

oy Zo! (yamnoli Jod» gusudils ally lgi a4y dz gl b oy dilaSlow bglro (guduaile cdl glosaly V-7 Jgus

32y ooladl 598 B 5 Lgo Sy s s oo cdb
oY — /) oY — oY o[- o/f o[O- o/f off— ol o[V~ off n lgi o3b
— d"-0.075"

= Di_oo7on o dlaSoww belso  Sovn gl a8y )10 (gl g Jgd ouds Mol) alasly- @

bloo yoshae & SN a0l d g wiluSiw oIl yiSTas D ol Ho a8

Vot xS o B 50 5o (359 4 4z g5 b LIS g esglld 10 5Kl o515 Lol Y- Jeu

sbyedlallis oy ks oy bese o5 o5 Ls >55heo o515
.‘ ..s
Voo sl Gl Yeeo-V0e  NQe-VYee  NVeo-VQ Vo-0e )A S yio 30 pSelS y39 03
g b VO 50 Wl g8 9 (g 9 5l polie o) "

i Olalad Cwoles guvaid F-7 Jguo

POC -3 Ve POC 9 PO IO J)bL....w S56 Sib s Gomaib
| o Ao Vo |
S Qoofos  Footoo S o slas cenliess 030

VAeo VAo s Yoo Ve




Ved VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

GOl i g Bailafiow LWS ws s Gl ipgu o8 F-Y-Y-5
olazdl L 5l bailaSin Caz S 5l sz e STa i, by ] lade a5 5,5 Gl glaisSy ab 1, beaslaSiw
O ol dgete el balaSin woys (b Ysene K03 Sl g 039 (i 232t iieed Gl (ST ) 2 @)
KIS g gamailey ojlul iSTas» : fels ccwnl Fge ailaSins Shg ol jo a5 ele an aigd oo cdiESw
@3 Sl (See wlaSaw 50 29290 () SB el (B 92y nl p edle il e €SBl 5 (5 loadeSy

25 Gl asie bl 0l (plitws Gl 1) eainS g 358

o lif yiSTu> @
Syl Cews s olgn |y LS Slallas ol b aassS oo olbBeil F 5 (S o U 1) laaslaSow olail jiSTos \JW
ojlail yiSlas ols als « Sadlas ply j0 Coglie g yee CoblB ioli8l ol lgh so |y LraslaSw ojlusl iSTas
Gges Cobl sl Glisebl ol dadilaSins ojlasl jiSTas cal Joud LB o IS 58T 6l o Lo VA U glaasls
Wb 1855wy melie lasls i alaSn el o3Il iSTas ol alS 50 e Jo AD L VYD 4 cel S
o5 A S5 ymn 3 31 ol S 51595 5 53 St il 25l 55 e dposh 42 5]
o2 5l B o las alold oy S (W
s B glls B )b S 5l B o a5 Sbkd bl cwls paw SO (0
(B L 88l slas Shio ol;] alold o,la> 4w (o

B L 88 les Koo (59, (0 Lidg Cwlbrs p)lez 4w (O

Sdodils e

3,10 laailaSin lasin g 0,55 4 Sy (gaindils o yigs 0,05 5929 SCC (6l Collas g o luslwl sanails S
Iy S (69,51,5 5 00isS 1lg, 398 4 5L el o SIS 5l goly oo b gandils SOl S (Jlie olgie @
Ded Heue Cobl ials el Ll was yals

59 e STl el i ool oST5 JBs lhls oS (alwgn) co sy gandils b aslaSw « IS job «
W23 o bl 1) SCadly (59,515 9 0S99 4 jli cdiwgnl guanails b obbailaSiw l oolaiwl o )lge el
Db oo ial38 Saslaz Jlaxst 15 wgis solatul lagyl 5l 0gd oo daogs 1S > 0l b Jg

Sloul e a5 Wgd bgldee [SHaSG b (glaisl @ cllipo g,y railaSw a5 cunl (6,900 (Ko i Cle sl
Sygo ol 4 ol se |y ailaSin bglsee (gamails ol jolaie pay ol canlie S8 lils 50 i o BB ploeud]
Wil oo aslaSn b mhw colue IS ¢ baslaSns o JB slad b o0 10 Hlaw jod jlade a5 0,5 #las
89 05 093] loww e b b braslaSs mhas 5 00,5 o il logws jod gy baailaSin o 8Lk 1,5
3T Ll ol co Liolidl ailaSin s Ml poes wiil C eSS Lo less g alin L.))m ailaSiw ojlasl a5

8lie w3 Cptl s 3 WS oo 513 1550 glaalls Uy S eSS e soliisl cilise glaojll by o leaslaSi



pS1pos> o szl s el Jedlljgiws ooy 3l e op oy VYo

5 S o3l 2STa s 6l Olise 6515 55k 4 098 o0 4l LS 990 Gloww oo jlade Sl g anl oo 8IS
W13 o3lail 5l e i Lol o ygT s a1y ddlie slad JBlas b gamails pove SOl OIS ol S
Ceoglio ()8 (e b (nl b 35 0dgi caslbin 2,57 (0 Wl o0l Glages B e (RIS 5 Cunglie Sgge o yele
Sges 1,8 Joles olazdl 4

ol (65900 10,55 1,8 5 lailiw] gausails sogame ;o oyl camdils sl Saw a5 sl (5970 a0 daslaSiw oy
Sy by sbailaSii o laibiul glaosgasme jo a4 Wgld FMol slaigT 4l slaganals b baailasi, oS
Gomails 4 Slaailalin b olg oo Jb 0 0505 )18 oyl bl wgllas sogame o b g (Yo ol Lo o lasliwl)
Oallae Gandils s3gasme ;0 dlaSiw belswe a5 8,5l 0955 |, dogliee Kl o b e o laslinl s3g0me 4o lagy]
sl

0al ol abal,y 15 50 .l sdel sy 00l Mol (yganals = Jgd alaly bl o oy Ggllae (gamails ¢ g, ol 4
((V-7) alaly) casloads al)l gl (5,8 i due o/o VD wls 5 ) olge 5 llaSins §0 a5 g0 10 oygumals —,Jg8

_ d™—0.075"
D"-0.075™ 0-5)

polie aS ol Sl N g ailaKiw ojlusl 2Slas D o sz 2o )0 O yg0 40) 0 S 51 orozs 40838 a0 o P o] jo oS

] 00 43‘)‘ Ny d Js» B pfl);opu..., @‘s) oo)jg_O.LmuLxEB 6‘).: U—‘ o 4\.“09.:

WS15395 o 93 9 g oo a3 dorgi b (o 23] (ygumali 3 198 (Sixio olgf) N e 85 Jpuir

YL S ly il (o olg

iz bl colpainn 0,5 3, <o
(eals plhae alliie sl Cogllao Alle Gblo golaion 5 )5 5190 29

S ke BB 00 bl by b oS 503 o
oY °/f Jsb b S3b e ladad b 5 o5 0,5k o b baosglls 5 lagyss )

S5 Groon b baad 5 o8 o5 >

G e $0° B 0Fe oy cdlal 5l b w51 50s5 o
AN ° /¥ Jsb b S35 cladas Uy g awsgio 3,8ks e b brosglls g oy Y

Sl Groon b baed § g &5 >

I 9 5 Sz ehes PPl i qedlal Ly L oST 5095 o
bsgio 8 Koo pn> 5 25 > Job L

IS g 55 S e ks P05l i cedlal b > b oS T Sogs oo
S50 Slakad g YL o Koo oo g 0bj &S > Jobo b

°/ Al b gy sl 0515095 - S zakae jead Gl o1 S0 0

il sl Sl S5z w515 A el (s ks OF 0 00 ceadlul 0l 2 b o



") VEoY/oY/o VoS 50s5 o bslis b 5 pllas Slaseie - & Lab

L LT Loy, (bl caslaSis o3lail 5STas) D o jo a8 ((V-F) alal, jo (6,135 ¢ 0-F Jgoz I N lade Sl b
SIVF USs j0 0ged ey 1) gllae ganaily e lgi oo il oo S 2 ojlail d g (039, (8 Slastiv
ol iy o glao IS 1SS e g e e VA wlaSin olail mSTas gl gllae sanails glaosgass O-F S
0.3

0.6 25 38

mm
100 | | | | P |
00 | | | | 4.';' L7 | mMsAa 18 [
L
80 | | | i 4% 7 _1]- . —wsares|
| 1 | kdy 4 |
70 i | i 2t f | o MSA 9.5
a A v // |
T 0 {nd | |72l I LT
L. #
T St s <R
-~ rd
3 I I P / 1 T i I 1 I
0 | J.227] | ! [T
wl ] LA RN
| i b | | I [HL! |
20 | Asda "?("g!/ | | I | T
ol 1 ,_,?n-" =T | | IR
‘ | | | i1 [ [
0 i | 1 1 L | 1 L
0.1 1 S 10 100

N=0.3, 0.4 yolic g yio oo A/ 9 1Y/ I sLrojlail WS Tas (gl (gl (Guudils o V-5 S

0.15 0.3 1.2 2.4 4.75 95 125 19 25 38

mm
. — 1111
Rl /! 4 MSA 19
# |
: - =MSA 125 |

[ by MSA95 |

T
|
!
Mo,

NUSS

\

N
‘\

PP

L+

AW AN

v
7
7, .

%
|
T
I
I
l
|
i
|

A
!
)
|
]
|
1
|
|
]
|
f
|

(mm) ol

10

100

N=0.25, 0.35 yolio g yio oo A/ 9 1Y/ N sbrojluil S Tas ol (golpsuiny (guudils S Y-F S



WY

pS1pos> o szl s el Jedlljgiws ooy 3l e op oy

100

10

(mm) o311

0.1

wwu *
€ -
S > 3
[T S A N = y L
= 9 s EL- d . mu El o % 0
M2 o o : EHS § m.M M M
- 1< < < 2 I
r % % % ] S N2 )] 2 Ho o o
s s = 3 = = = . S s =
@ PR = feimippeks i iy ik g gt . [o o R st [ g iy e g i g il . o ] [ g gy e g (i g il
™ Cog M ™ ' M ™ Yo
ITe) ¢ ) w0 [’ P! 9 o [ i
o : o) N o)
— o s e e b Sl bl mdis S Sl < L i S e T T T T T T . T T T T T T T T T
n . Te] Te]
G N A ‘Mw SN > s\ ]
SN s 4 AN s 2 NN
10 = S T S S H S - o ™ —
2 RS 2 ) 2RI = X 2g
X SRR 3 °EX
Ill*fﬁ’ \ 6 "’ , '.
0 N 0 \) . 0 N,
o0 SN » 0 Ny o wak
||||| = e g sy i g sy — PR S T Yoo W i i g (g iy gy [ - P g e g iy it g (g gl g
< DRAVAN 3 2 < NN 3 v < IR
b\ ¥ By Jl SR < W
FAAR\ = A\ = by W,
3 = < E 3
< |II|I|VV//|II|I--I £ 3 BV M S S V/.”/V/Illlllul E - s | \ V/Vﬂ S S S
N KON o o V. a o ARV
R 3 N 3 NN
N v} AN 9 AN
o~ I|||||||Ia-/r/ N [T I T S |I,/¢ _A_ 1 o IV I T P |¢|0w9 I S O
— \ f/ a - ;.a).ﬂ/ - - /.a
ﬂa / - -~ AW - g AN
A g AGAY = THN
© S P © v b © 28
S 3\ - ° AN A AiQ
_/ » \ g //
2\ 2 N - N
\ -
o \e A
3 z.// iﬂu. a —./// nuo 3 X \
\, I 3 A A
v \
’/f/M/ %lln NH " IIIII
= N S T RN 4 N I S I W - N I S N N W
L)) (<] i (=] i
“ 4 P - | m
. ; . 2 :
O O O O O O O o o o 00 \Un o o o o o o o o o o 00 x o o o o o o o o o o o
o 0 ™ o 5405 ol o 5%
o o
] Te)
S —
1 o
c 11

n

0.10, 0.20 polio g yo o /0 9IV/D I brojlusl GSTus ol (golpsuiion (guudily S O-F S

n



Y VEoY/oY/o VoS 50s5 o bslis b 5 pllas Slaseie - & Lab

Sl g Gogy oS SKS  @
o ) loailaSin o sl e il Jige oIS 5 ms B o o Wlgf o laailaSi 5090 loaisS 5 S
ol 4z T1 0,5 e 8 el o 45 sits ol ey dlaz 5] balaSin Bl)d oy Skl 5 (oS e
Sl L olgise |y langly 5 UKo 5o b plbailafin Jg wiis Joaslio LS 6l 0ud 0,5 55 4 5 dxed
= b ole o 1y o o) il BB alaSan S gl g jued pzm a5 K2 0, (G SCC o pes o>
9 IS8 oS pasine sl gyolb (o) y?"-’-" Syl 2l 1y BT o peS «2Bby ol ali8l sies pes oS S

ol Lty GlaSw yog Hlodasgs

3 Nl g Gl yo AlaSiw e (it oyl o5 F-Y-Y-F
L Gl S a2 )51 05T co s paas p5 50 00l Sl Sovie (wlel S0 g 5, laaslaSn YS! cos
Cl s cawlio oS 5 A adlces 3 YoV 1l e o faibin) Gillas ganals e llo a5 SlaailaXn
OKel 5 Sgpas (sl g oo oy Jg (o] ganals PMol b calises ganaily b ailoSw aiz oS 5 G,k 5D
YoV olpl o ojlabnl V Jaaz GG Gillae g3, laaslaSw 51w al)l o5 5 slo covne b g sLlal
g oolaiuwl
03guze , cawlin 319356 b g (el a5 aS 0.8 Ol (6la5eS0 wul il )0 ¢ 55 slaaslaSn oS 5 ulal ol 5
A3k (07 S (JI -7 JS8) 0-F Jeaa slacis, 5l (S sla i
D9l oo (P \Jw 8l cews wallas gaisdils 4 el jelay ol sl IS jo as clils jUaml g5 ced conl gy
5 5] Cew 1y oy alaSins (oo )8 mae Il gl gaialls (e oy GhS g ) WS ol 4 az g L
Wy A0 Ay S e B 0ged ()8 1) Cl o ailaSiin (slapges g
0dg9me 4 (g 51 el s e Cgllas g5 LB (sLlg5 b ogllas giie qlad b alol> bl ;o (Siwsnl
Gl 03 b g Cls Balgs &g 00 () Ao o9 40) AlaSKow Lasgas bl ol ol cole, g ol Soo5 a5 3,90
g ol (6,500 alaSns (655,10 b sszge goails

DT oo Cawas baslaSw bolsee (ganails woliiwl 8,30 slaailaSw 51 S 1o (gl ool (putd (slopgw 4 455 L

oo b oo 15Ty cdlo 50 ailaiw balin JI Uiad duo yd cyms oy plF A-Y-Y-
ooy agl| I 6l s (6l godnie glossg, 4z )51 ool Coratl b Lo o3 yaas jlie drlieo gl laails



oS> o szl Sl Jaallygtws e sl gp ey 1\ F

15 bailaFin gl IS Tl os, ol 5 el o oolizid FAAY o)l 45 ol Lo o lliwl g, 5l oy5is
] oo ey (F-8) alagl 51 Loy Cpmile S50 0o 5 s § dssles (V=5) alal, 51 aloo b o0 05T 20 >

M=(G-T)/V (¥-%)
S slad ss o= 100[(S*W)-M]/(S*W) (¥-#)
:Lmo—l 4o as

kg/m® daailaw Sz agdl JB> M

Kg il B,k 5 Sz ailalw p > G

KG cloy Bk oy T

mM? wles B,k po> V

kg/m® (FAAY 5 FAAe ol Lo o laili] b baslaSiw i (ogass o39) JE> S
AAA KG/M® Jolao B laie slos ,0) o JK> W

(RS-A) Lailaiouws g, lodigs ¢ S 00y ol 1 puinis o5 £-Y-Y-5

G003, £=F Jaaz 10090 so 00ls olais O L) jles, G baailaSiin (g loalsS ¢ IS 4y axgi L lal o8 ol jo
ol o3 &) oy oS s 5 UK (et 588 i b 5D B ) alidie 3 jsliie oyl sl loalaSen
S5 55 S b B sl 39 JoaB65 a1 L sl 42515 G S8 L lhalaSin ol (Koo (rins oK)
Gy oS 5 ya sl (Sgh o0 a8)5 Hlad 50 (Gan0s; 10 5 o (99 LT w8 5 SO e g oo,
SS9 (oamb e o L a5 O jletel Lot 35 a0 ailaSin S Jle (g 499t ploxil [iome (gaizes; Wl
o o Shee 3y90 50 (Fu,l sloesls (el & ygo j0 g aleS Y] S 5 games, Cawl ool gl VLl b
ol 03, 9 5 pll S anass sl basl) (n e SCC o ols acsaxs

@l gladbglons (ailocids yo g ailoy ;) gl €d )5 s o | ailaSn e lio Wb canlive ailaSn Sl gl 5
>y Sles Jlade wsd b)) o HlodlsS 9 S (ganaily @ilaSiw ojlul mSlas a5l b baslalw
oy JB slas jlade (6 50slal gl sl eaS 5 ans 1o Wb g Hl0alsS 00 5 (5,0l IS wST e
Jlas Sloliss glp Wlg s (SIA @loSs J5 4 ailo gy s 31 lodgasme aiile) bieuS 5 5l (6w SO 50 o5 e
A O,lg0 4o Ho Conl S (Silsl JBs> iSlas) J slad jlade J8las 0gh oolaiwl Jb> slad laas
Al e Sl e (Sallas bl )0 Caglae ¢jgue Ul aile o SllaxMo |, 5 alls

0,5 dad b g 109 4lgS 0 F )Y 2Slas L g V Lo ) as, sljfo a5 0gd oolawl olaaslaSiw 5l a5 04d 0 dpogs

Al (alsS



110 VEoY/oY/o VoS 50s5 o bslis b 5 pllas Slaseie - & Lab

L aslusow JSb jlotel g 00y cuasi £-F Jguor

(Rs-A) (5 loadiseS g JSi 00,

<« S
JloaigS (s g hard IS o 35 g il S

A ¥ Y Y |

= <2< A

5 g cos ol s S
oS SR sy e ,
- : Sglons slu Lo i

o . slal @l 1

olel 51l

25,15 ssles Sl

J

Sloadss

T

Sloadss L=

@

Slodies

AW o)f ey
JoabsS LAz

Q'

oy\..fa.))f

9

W}LA—Q oD .))f

L‘ OA&;‘J .- S 3
6ok glealss

5 i b solus
q.°

ol A S
aiieS 5| can

e° 5l

LSS 29> @
slasss b ous
Fbm b gglae

°(°°)'l

;.M.?u"' > 29 03
6‘4}5&5)

51
ol

6‘4}5&5)

Jto

).a.w x> du.wl.?m w..dz.b .olf V-yY-yY-¢
05 B )0 g e e Jlao g Sl jone Sl g 09,5 bl 5l plebl Gl e e Jlao o
Joad pz> .C8l Cewd SCC (600,15 plem 4 g5 cod (0,08 9 VMA Sl oolain] WP s aile) juod oS 5
D3 oo a8l Ll clblB (e b 0,5 5 6l 5li 5,90 Plas 5l o Bl
Sly p¥ e poee Blas oy (0 el sals cols lis £-F S j0 0,5 olls sl e e J8los>



Qlﬁ‘&uboﬁi
pS1509> i sl s cole Jeallygiws oy >y ey ooy V\§

0355 a2 gl e ke
[FYHEC

5|5 dilaSins
v
O S pe

G35 R Gl i jlada
sl aRian oy (glnd

Sl a0 g yres Pla> porhe F-F S

e ol baid S 0l e yeed cateis ke 4 5L STy clle 40 balaSin e JB sl 58,8 s sl
SLol s b cnlple 05800 )l wlaSiw SIS azgd BB SKasl Jodo 4 o Bl bele )5 o3
5ol L b ogd o ooliiw] baslaSw (s alold slowl (gl aS e cpl all alils 592 iaslaSw 0 )5 o> (gl
Sydce &Sl ool el laailoSin slodils yn SSla]

3345 el ladils o alold olml 5 JB slalad (90,5 » 6l jed ggemme Jold (05 5 lp jes S5l
el o 4] (F-9) alas,

Vpaste filling ability = Vpaste voids T Vpaste spacing (f-%)

SlailaSin Lol o jloaiss o JSo 4y Jol az 10 o baailaSis (o alold slul gl p 5Ls 5,50 jas Jlade J8los>
(5, loaiss o s ol S Jai 51Y 05)) 0,5 MelS g o3lail wo slaailaSiw gl oo 0 A jlg o)l Sy icliyo g 3,
L sbalalin) cul jxie (g loadsS § g ol (s 510 0o)) Jloadss ¢ o o0 slaslaSiw lp ae 0 VP U
o il (bl 2513 Sl e 52y3 VP | S &y ol (S (508595 5 S Sl it o ol
P e S5 A byl a) Ceul e eaims S5 gl e 05 9 B 0,5 n 2Uls 6ln e
P> o0 Glge aroud 0l) 03,5 n 2Ll Gl et IS e (B8l (Jsene 151555 ot bl osgame
B slalad s ys 5 bk pm S yd plsie 4 0ol lo) alols 6l pes e 5l b Glsie 4 Glgie | (2
Olore o el sas ools Las (B-F) alasl,y 10 aS 6565 e .0 )5 dnsloee (YOVOIdScompacted_agg) oos S 1 yke dilaSiw ;o

Dgd o0 Gl als JS w2 5l gao 0



\y VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

_ (100*Vpaste spacing)(loo - %VOidscompactedagg)
Vpaste filling ability — 100 — 100 0-%)

Cowdo rg.?u.’ lélf )‘ as w‘ 4.1...9 L’ W) pfl)...e oI )b [EYHE W O k5”'> LgLaB M)Q ).:‘)) %VOidScompacted_agg as
1390 g0 e (F-F) alasl, 5l 55 Vpgste spacing) LalaSw o glad 0,5 5 Caz p)Y jued o> .;)..:.—“50

16—8

Vpaste spacing = 8+ (T)(Rs—a —1)=8+4+2(Rs_q—") (=-7)

2oy Vo B0 s oz Wb oS pogs b (B (S n Cobl jl plisebl Cqa e oo dlone I
VB0 sgam 55,,5 oaisS 2ol olge s9l> slapyis sl Jlade () 0gd i )3 Jlas 10 0ul dwlowe e 5l i
22,0 VU7 G 5 (oS 5 lagis lp 09don dmogi wo)d Vo BV e (509 dlgo (g9l slagyis sl 9 2o)s
BYON |y ol olsfise ol coms YE s (F-9) alal, 5 paas po> e 551 Jlio (gl bl paicio lgi oo
OIS (K o S 5 g skl boo Ko (25l pax 5 J1a3 0550 j5ee bl ay a8l nl e85 Sl o Fe/A

Oloww & ol s Ot I o5 A-Y-Y-F

V-7 USG5l e yo ailaSin (KinSd g Gloww (coglio 00, 5 85 4 az g b yleww @ o1 O s o8 ol jo
5C Gl comin o obigye b oo laaslalin bwgie Sinsd oy a4z g5 b olg5 oo 1) yloww 40 O
S0 uSile g ooliiwl Calise (gla KwSis duoyd b b po ailaSiiw g5 dix b g0 amiliz 0,50 caws R
Slp aS el ;53 wpiY el dwle JB oS byl o byl paw ) a9 b (loy0) laaslocs o SaSis

el o LAt o leww 4 O Cand 5 (5 Canglie 3, sbailaSin SassT i ol b 5l Clgg
b)‘..bL..w‘ k}"’j) d)Lb.A) ulM.M_MLA A_J)Lo u,u.:Lo)T wj) d..Ja aS solau! 0)5.0 ul.o.».w 6)LM5 MBLM as @)9.»9 )Q
w0l Cond il V-7 S 50 0ol ools cieglie slves, I i b yieS codel cawds (YAY o)leds 4 oyl Lo
Hade V-7 S la pimine 00l algs dnlxe Y-F S 0 ool sle o obiye e b (2bioeye 5l e bon

ol 0l (5,8 00,0 ¥ B Y aga jo i aiwlgsl lgn



pS1509> i sl s cole Jeallygiws oy >y ey ooy VYA

70.0
525-C N
65.0 1 g5 R[S <
1 N .
1 NN
60.0 :77435:(-\: : \
T N NN
\ 5
il 425-R \\\ N ’
55.0 125-R | [~ - \\ \_\ \
T N
N \
ii 1 325-C A \\\ AN : N\ .
3§ 500 N ~\
3 I RN N
: 325-R ~ .
3 T - N \\ N \
& 450 NI AN N
T O NEANEEERN
E S N\, .
= I “ N N
40.0 N N -
1 “~ ~
1 ~ ~
N N
i ~, N
35.0 1 N
300 |
250 |
200 b+ i i p e
0.3 0.35 0.4 0.45 0.5 0.55 0.6

Sloww 350 a3 3131 T comnd

0 abof 0,5 opid 9 FYB 03, lowww

0 abeS s od 9 YO 03, Gyloww

________ 0 absS 3,5 v 9 FYO 03y oyloms - e O a5 55 (0 g FYO 03 o

e O aBsT T b 3 BT 00 (yleww — e 0 G555 i 9 OYD 035 lowws

o109 (5l 0 (65U Camglio 5 (ologus 4y T Capud bl V-5 JSC

3 oo (2l lons 4 T e 05 Sl (2 L) 5 (6518 Canglie cghns i (5lga wiile Ygonn (sae (slpo
g ol Glacans o 2alS nlail e lsn aoys S 5o gl aoys (F10 £ VD) sgu 4o (1) Lisls oyl e
B o/¥O o loww 4 O Cod 00gamme ) 39 aalys 1S 0l loww 0 OF Gl 10 g iy o8 oloww
(=100

285 )5 50 58 sl o o 1) Bleres a4 O ol 03Y 0 oS0 S5 50 2ol ) o (5 Lid Caaglie aziliz
L oleon sl aibce oo slsr doyo ) Ho sl auo,s (V10 £ V/0) sga 10 (1) Hloww 4 ol Cas 2alS (]
039950 ;0) 39 polate yLaS Wl iy Glases 4y ol S (sl g i Wb SRl ol S e 4 O S
PO L /0 e Joome 5 sl Glosas a0 Ol o

oolistl gl (g, 0,5 Joe (lgisn Byb 99 4 5% ploww 4 Of s (318U (sl djoli> Slge jl eolitul & je0 5o
Rl 20 )3 (s 5 el Stae gl L g Jgere o (sl Dlagw 4 Ol G 0051 Gy 5 Y-8 S

(Olowmw 0 Ol Cas (pl o 2als dgu> @ axg5 L) 2 (oo Slgd duoyo loie 4 dits loww 4 ol Cos

20 5 oo Jlesl (ows slgr 0o,0) sl (ials (pl a8



114 VEoY/oY/o VoS 50s5 o bslis b 5 pllas Slaseie - & Lab

w/c (1- r1. @2) Jgomo o0 W/C = lol> o0 (vV-%)

Db e (g2 0oy ) Gl3l s o ,0 VIO VO jlade 4 losw &0 O Cod alS 0o jo11)

09N o Slp b Bue Cuglie 4 ax g Lifem bl o sl bale 25k (s5lre Bue Cuglie (13L pes s,

g go 03lil 5 abul 3l jslate ol &y sl sdas glsp Sl

_fem  _ *-#)
1-rya,
a2 .o, 18 as,o (F/O £ V/0) o5 jo a5 casl sune slop wojo ) il @ Sl o5 Caglae ials ol w2

(srliael &jpm) adlioe (o Soes lga o)

o3 S g lade i ik o5 A-Y-Y-F

Sy 0 )L.J S,90 omwua‘?gg‘)wdu@wb é‘owsfs uL?b.J‘cbwy ‘WWM)‘ )
(VomF Jgox) 048 oo dlul VMA £55 5 5,09 £5 SCC o pled o] j0 a5 cowl (glal> 1

G ol Cand g (Gloww 25500 dlge) Jd b (5 (5,09 (Sowe dlge b Cas 4 px> Jolis (5,09 95 SCC
] 95)0%

G ol Camd g Jad b i3 5,09 ome dlge 9 b oS s @ o lyls (59,31, 00 Lol s SCC
Ol gl sslaul 3.5 (VMA) (54,31,5 00 23l oole 51 aul (gl 5l licadsl (gl el by g sl iy 04
ol bad e JB (slad Jlade g gaails 4 €0,5 5 ol gl s o> Plao» aSl @ ax g5 L sl az g5

Lol (U Jlade yad pae BBlas (VMA 5 09 61)0) 0515095 5 g9 90 12 40

o3 S i ol gledaly V-7 Jgu

> ySkas ey el !
I
asl s 53 00d S (2 Pl Olows & o
S 50 50 0dld Cw x> Sloww olge 4 ol ui
Y P 4ol
e Ologs
ase SRl (ol joun Ol alS plss 5 LIS S5 Obors 2350l Slge %9
Ol Ol alS i ge el ol s S G dlse

plgo [PEJRWESRS |3.®




oS> o szl Sl Jaallygtws e sl gp ey VYo

Y SYAVIR

Sloom Oy a4 T Cas d(adgl ol Cow ly) Gloww @ Ol Cad gl olacasgase Gl b ol lade
soliiusl ol yod 4 (5,091 Slge 0L e 058 oo S (21,15) H0g0 o Ol s 5 (Bl jd s (olss 5 plgo)
o b awslie ol fee (g,)lid Caaglin SO (sl Lo 0,00 WIEM L WIC C] a0 c0nisS (9,598 0L polie
Olowms 235l olse 5 loges 51 Laid jogy jS1 a2 Gralil ]y o 68 Jlade b ouisS” Gls) 558 5l eslitinl (gay (Jsone
Lot ailin Yaoso KG/IM? Jlie Hlgie ) o wox aly 4o O S lade 5 Cosl WICM ol o W/D caily ooy JuSeis

(3,5 solitul 53 WIP jiis polie 5l ol se 4% ST Sl puiie ©/FO b o/Y 0 5l Yoo WIP .oenl Jgono
SIS 1 Sy (55515 5 e or GRS 2l o ol 4y (it (sl eSS s 58 2 Sl WP T3
Slde e yB Gelgl Bloe il RalS Wb e 9 51T e Al S Gl e e GRIBIL e s

035 A3l 45 Sl e e GBI L b o e wly 3 ST S

908 Sy @
Ol dlge a8 sl p3¥ el el 23¥ SCC LIS 4 oliws (gl a5 (5,09 dlge ol ) Cond 45 Jlodo 4y a5 b
de Bl ggl b p3Y jo5 jlade S 8Ll jog Sl A5 Gy 4] (05 Sase slhoasS 5 b Gleew
Oselyied GloyS 1als plss 5 LS doe sl Ol 1) Glors 23l Slge Bl plss g plSoctul (sl Glags
b Gl (San g a0 o Gal3dl 1y LS Vsane Glaes 1 5, ome slroaisS o5 eolizul aje jalS
SIS 2 5508 8l Vgane loves o3l oo Ly i (225 e sloonsS it oS adyl cunglio ol
WS cod S 3 Ceoglie iuli8l 4 g

oo yludo @

dyore lagi 4 4l - laols alol § Ol ojlail dga S5 jlade (pmy = 0515095 2 slp I lade DLl
|

s S 5 mlin QLS 4 olis lp anspe Gl 1) ol Gelss oS 10s5 o lizl S AP Jgar o
el oS 0lg) 398 Ol eetS b qeedlul 0Ly culie 59515 5 bl Gl 4 B ogd el Wl
laaslaSin 5 jod x> aod oS 5 et b Olon 1) e Dbl by S (sl 00iiS Gl 398 4 5L 05 o0
odiemz) 0bj (bt b (el 5 )Il) o5 (b w5 Cenl i 3ls )18 e 0aiiST (as (59515 Mo hals
ol Lol plosl Mo b e (59, 1) (2o ioley] olg5 o ccaliee gl cond SIS Sb5,) sl il (poewis g
) 005 )8 (i n 0y90 o slabglie o Wb ol e <5 5 (>

DI (S e o g i la T 4 5l 990 e S 5 ()

Syl oy wlde pas b Sglite [18, o 5l las sals iolejl e (Y)



'Y

VEoY o Y/0) (ST 50s5 oy bglie £,b 5 pllas Slasin - £ Jad

bylre slacemsd Ll 5l 3wl (Fadlazr ply 5o caglio 5 j5e Ul ood 5 Ul & bye slatalej]

g plil oled

oS155095 it S 1 balia b 6l yialyl 5 1321 3G A5 Jpur

2l Caglie by _
Llgs 3| oMl b
;mlp Bl oAl 5 9P S R
v v VA A A A o5l iSTo
Szl
WS IS odsls aoodils ‘SJ&} &‘}é‘ =i ‘WS‘)S
Skl oy it * s PUSRIR PR VePH Y '{3\
A
4 A () 4 A JS5 o5
A d v 0 v SaBsT 55 il
() () () 2 ) A oo o
Ggobj L w -
fr . A A v A (IR JOWN:
A 7 VA v v b Yoie
WA WA WA WA WA o)l }
) eadewosgs x .
2 A A v 2 S v
(S Y
Aoy0) yudasodgd E’\
VA v VA A Vv - &
A VA A A v $951,5 0asS Lol
v A A v A 008 0l 398
WA A A 7 WA lso Sl
ké')j""L'.
D,l8 0929 plalicul 398 o)lge gl )
R NPUL-SIE CONOTS VU I TOO0 b (555,531 ugSae bl o (sl 25 b cedll > Y
Gl Fagad bl ol col (San (Jg ol Golo Jgame (ST 5055 (5 sl Jsoz onl po ead ool plas aly, Y
Bgdses jee b 58,5 5 ollgs v Sl og 4 O s ol (LS a1 e lyim asls

Lol g 50 51 (S5 bos 95,5 0uisS 2ol shilo b sl (6509 £95 (ST 5095 (o oSl 51 )16 al el 5o
g 50 08 (yredS Bud lawgie (6,lid Cwglie 4y azgi b adsl ST ol Jlade -7 Jooz 5l oolinul




pS1pos> o szl s el Jedll giws ooy wl> YFo¥/oY/o) \YY

Alaouw o3luil &S Tos g (6 Lid Caoglio 00y ay a3 b adgl é‘}T ui Sl o 4-F Jgus

MPa . g i Cenglio o3l yiSTas
0o o Yo Yo mm alaSoow
\5¥ \$A VY % 14/
\Ve Yo VAo VAD \Y/0

P
(E) + (W) +Va = (Ex) * Vpaste ritting abitity @a-)

(ol yoas

3905 Apmlona |, Lossie SISz 50 o] SIS 5 55550 Slyn S 3 4 45 1) (503 Slpe S Lawsie  pp
Qs Qo3 Vo B Voo o aS SaiS, Sl bl g Blol pes e 28,5 Jlai 0 gl conl ooy EX
4 ized o b (pl e 3gdge Bld (Veof Joaz aiog) VMA (lls b (s)00 Slai 5l 6515095 o g4 &
)5 (Kot 3 e S5 5 dakid 55 sln Ko 0515 5 3,90 500 Sk

Al Sty s pl8 51 a8 cul oad acule e o> Vipaste fitling abitity

Sl 0dl 085 ueds ol ke Gl S b o 03] uedS A7 Jgax | eolatul b aS ol3T O Jlade : W
ol Caaglin 4 oliws pac g ciolosl Lol Colo 5l e b Sloww dlge Jlade 5 (5,04 dlge oo dwlxe

sl ansls ool 4 5 5 canlie LS L GBuw

wS150e5 R g9 A axgi b (5509 dlge slade Ol glosaly Voo Jgur

SIH°9% é‘,o )'»\in

oS 09> (i g9
kg/m*) 39 39 o0
§oolsiyoo VA kg &3 Slga gl lo Lais
oo LYoo V8 1 U0 VMA _sg3il ol,ls Lais
e ol W Bl (VMA Sogsil s ,0e 6hls) oS 5

1l oo Cawds (VV=7) 5 (Vo=F) Lalg, 51 (L) s Some S50938 slge Jlade col jlade pess b

Jobes Slagm faie Co = (Ve-%)

B

S e oyl dlge = P — Cg OV-%)



\YY VEoY/oY/o VoS 50s5 o bslis b 5 pllas Slaseie - & Lab

o)y a8

(ptn ol5) V=5 S5 5l onel csy lopms a OF o s W/

(A-F) adal, 5l odel Cowds (5,09 Slge IS : P

398 oo Guetd VVY-Y-F 00 4 az gy b aS Joles lowws jlaie :Ce

ab ol g oliny ool 5l 7, sdel Cwds B Some (599580 Slge g ylewws Slge polie 45 S ge 40
Sges pladl olie cpl Mol s Cos «ol Jlade 9 EX oo Mol b wils

Sl 2l oad i Oler 23Rl Slge sl oslanal cgolatil s pl 2l 5 )lse g ples Slalill 4y Ly aS 63 )l5e 5o
(K] 0,55 0l pms gk 0999) o (3Nulr Sl 5 Glores Hlaie (sl 4 Cond 2 lse @ 4z b

(Olowws 2353l Olpo 5 3U) K Il gy g pai @
ol )lo 0,18 05 oo ooliin] e 10 loww (30l Slge 5l aST (60 )lse jo Jadd K mal (g ol colatul
ool (g3,51,5 00 Mol Slyo b S5 13 b e & oot sine olye | L 45 aSTns5 slagh o
D515 05,18 09l o0
Sge 5o Slge ol sloslaiwl 30 Ao 1o ouls plodil Cladod bl g (0 gl 1o Hlaww (3 Slge 05,15 anwgi b
Olowms (2350l olge jloslitnl 156 o pb pbiar]) (o po (Holl G g2lye (B2 )3 (O Do obsS 5 Dol plgo
Oriared g pled 0 Sles Sgage p3 1) Slse cnl 3l eslaial ;3G (ol wx U (g oe i po (nl Jlosl b ilodges iy ya3
sl Gl pgo S5 s 5o Liol) e 50 08,5 S5 5o Sl dlge a O S a5 (L8 Cnglite )0 S
] 00l pladl o bl A Cad (4090 g el Lol VYo=Y @y i Y-F-F a) o) ) o
(3375 5m 000l o 2350l Slga 31 35 ol 51 Jymme ol 4] Llod o 05T 5055 (sl bogline o 13
Slaxs 9 08,5 SaS losw Slge 4 ol s Teoeal g (5 Lid Cuoglin 58280 e jo Wilgi co i po (] 5l ool
ok s Sl T S 5 s s el )| s dndl 53 0 alS |, solo] (slo gl 2L
ol 0y gyt Lo 0 )15 slacusgaze 5 Hlows 30l olge I S o 5l soliiw] 136 s

3o Ologws 3100 Cp = Ologws Ik + (olw 23Sl Slgo slode * k) (\Y-5)

ol g0 as



oS> o szl Sl Jaallygtws e sl gp ey \YF

K laas ¢ 355 1r 010 5dli g 3o = 115 Jgor

Ml b oo o itial K g5kl g (o Sl3n 24 S 0 3o 0y 21> Blas 02354l 00l g5
YEFY 5 YEYY o f Yo b V5o
\YYVA fo-ve Ve o5
Y Ao be & nl 055 0l pus
EN 450-1 o oY Y ok s>

i Cowd 5 (880 Oledb| slge @lkcwl b Dy90 30 Ogd g0 dpogs duo 0 Vo Sl g e )0 V0 Cudgsy o3l e SiSTas

crdes 0395 S K gy @

(Wb Glowm (S35 003 V) (Slogws Slse (S35 0oyd Vo 5l S b (gl (ol 0395 (S50l e azslis
A 5D Glesms SbS T BT Jolae (i 0395 LS o (Sike & g oo 43T )5 0 T LY (o K jlade wasly
g e jolaie ((Shoglia

az 00,5 ooyl alaily (il 5o (T olile bl 0o po VY Sl iy lages &) (s 0990 S 45T 50 0
7S Olog @ Ol S a4z po (8,1 515 wsl oS ol (gniSilr w0 5 iy (Vgje Sl I e 0350
(oS g 33 el iy K lie a8l ol Glew (Seglia 03

G e/Vo 1y p3¥ ST T wlgs oo Gl 0550 eadll 5 (g32y 41 ai) Gl (350le (oukins 0350 p,55LS 50
Sz 55 ks 0393 00,3 0 51 5168 (2 3Rolr 0 aizmen 5 sle o5 slacst ;3 Vgane ams il ) kg/m?
s 0395y (ST s a9 o Gralidl 5l sy Jods a4 ol (e o)l o Bl )b O Gl

3,0 )9 08 ki 0393 (Sl i 40 0 Blgs 398 (S99 8] B pas (ph g Ol jes )3

Sila%ial 0,55 0 lipw Sl K sy @

W3l (Wl Gl ($59 w0yd ) 2 0) oailin Slgo (9 woyd B0 Sl e b (Sgluns o)l (0l lade alis
15 loss slaS SJA 5 o/F Jolae oslin i 5l 9szg0 0l oS o S50 yle ) cmlys JA B o/F o Kl
il a8 5 e 4 Ol G 5 58 T (3Rl 5 s o)l e (Sl pans Cools Az m 09 o0 4 S Ll
Selyses Cools 0 0 5 omb 5l lnl 59 S92 g0 o) il 0al (558 Sl i (S g 092 N9 i Ko
K lys CIl ol 5 Ggb oogamma g wil 41o,5% 5 YOVY o,lad Lo o luilinl s ASTM C989 5, luibin! b sulate Lo
JOM ISV PT K

o 2 pSekS VB el e 1) OT Wilgi oo L5 0550 cdlsl 5 (2 4 At 0 )by p,S5hS Ve o yw
PSS oI0 Laals laie bl 635 ham 5 (lnl 50 9290 (Lol 4 az g b sy 0 Hlab amd alS (1 caxSa
Bl (il caSe e o



VY0 VEoY/oY/o VoS 50s5 o bslis b 5 pllas Slaseie - & Lab

lyano by Sl Ky @

Olow (F39 22,0 YY) ouiilow slgo 59 2o ,0 YO 5 2SS L (golus Jaore (s0b S 035 lade axli>
oY e Kl 0l (x5l glaplonms (J5 90 )0 YO) oailon Slge ()39 woyo Vo 5l a8 b (gglune g (atliy
D950 jokie (Hloges o5l [T L /Y Jolee (o3l S 5l 0,5 6lS 0 K00 Ojle 4y 09y walgs /T

Collad x50 .00 )5 oi jolate G98 abml) yo T oljle Jladie ail 398 polie 5l i (gL S fade &S 590 50
Kol yidoy losms (Toglie 08 5 yieS 525 Gloww 0 Of o g 268 (1 (0500 5 dn (g0l S (Y556
Sl (Koe 39 oolatwl (V959 obj codlad b ) s b 5y ool sla S 5l aS 590 0 00 alg> i
Aol oals S8 polas jl mao K jlaas

50 0SS Y B ol Ol e Sl Ve sa gl 4y F e emPkg d90> b (32, b (Jare 0l S5 550 5o
FoS @ s kB s ) 6ok Sl S 9550 3 el uliab oo (RS (G Sy, A i) G S e

b slo Yy j9s Sl K iy @

K lade cadgl bslse b o lgi oo Cdggm (sl Lol ciiiws Jls,55 5 o0k £55 5l (b sl Vsjs 2oz 0
O 6ol S 4 by 030 slacusgase uoren (28,5 Slas 0 o/F L o/Y oogasme [0 g0l S asile
Ol olile ail (g0l S (gl oals 53 0905 5 i b o Vg9 ke a5 S50 40wl Bl og3 gd
a9l o azpp g e Gl 05l g it b (Y550 (Ve Culled az e 0d el jlane 598 alal, 5o

D¢ M‘s:- i k )Lu.c u.\.wl.: pravee QL‘"‘"“" @AQLQ.Q 03, g )...oS uLo..u..:
PSS Ve 005 go o i 9)50 ST T (l38l zrge Yaame (€5 5 (5325 4 atan lpl (b slog Vs
s ol e g5 om0 o il 38l caSe e o 0 0 Sl LS Y B o0 e |y p3Y olT Ol s (Vg5
Cel 3 1) (6 i codl il g3 slaasy o o O G o 4 g anil atsls o3 T (el o (g i

QS oo Fga 1y 0aiiS g, 398 b ouisS lgy B an 4y Lo bYS el 4y g g 0

lpp oy yoeeei @
Sl o) atwlys Slod oy sl 059, Lol bl b 4 Conl (0 slap duo,0) Va Jladie ued s3> oo,
ST NT-F Jgo bl 2 b dazog g aslp Glojla VT oY 48517 Jgaz) plgs SLelill 4 (oliiws sl p (ou
Dy oo 2,8 (WlgZl b gaes s lsn do o
slpp slml alfh el (K 353 9 Slojlrw (fsman 5 (b (GV55m) Olowm (230l Slge el S8 (LLS

Slo ol 68 lge i 0 |y Tl olge Jlade el p3Y § Wgd co 5 Goes



051509 i sl g cole Joalljgiws oty ol VEoY/oY/o \Yv§

(Va) C’.H ) W‘,P‘U 6‘9& o o )‘»\M \Y-# Jj»\?

YA Yo AL} Y10 /6 (mm) &laSw ojlail ST

°/0-) AT AN \-Y VIYO-YID V=Y EVON PO P PSR WESRY

Slaoow )‘J.0.0 u.».uu N ﬁ@ Vo¥-Y-¢
5 s aailaSi bglie qons ke ol 3lhas pox> alal, a5 05 dlal, 5l nas oS 5 e desslone 5| e

dwlie 50gr odel Cawdy pylez A0 4 o] paw 4 daxgi b SIS 4 0 g, ladilaKiw jlade (aw

Sga

c M, W
V. =(1000————r——a———V> \Y-
ssd pc  Pcr  PMa  Pwr & v
:OT)QAS

kg/m? e S mhaw b gldsl slodiloSiw S w2 @ Vissp
kg/m® ceo> p loww o> 1 C

KIM® o 2 oz 350l Slso oy Gy

kg/m?® us Sose dlge oy 1 My

kg/m? e o ol3l Gl o, Wr

AM® e s (algsl 5 (g002) (20 99730 (5190 o> : Va
Kg/dm® > 5 locas JB 2 pc

KI/AM® oz olosns (03501 Slge (S 2 por

kgldm? o 5 o3 Jams dlge S :pva

(05800 yokate V Jolee a5) kg/dm?® o> 5 o1 JE> 2 pu
KQ/AM? (o s St mhans b glosl sloailafins Lagie JE> = psso

WlaSiw polie s 3 s b RV (Y ST N eI Slga g3 ailaSw 19,50 YO S5l (6 50 aSul 4y a4 L



vy VEeY oY o) (Sl p0g5 oy bgle &b g allas Slasie -~ & Juad

bolxo 7 b Mol F-Y-7

Sliws pas Gygo 0 oY slaiales] alml 51 e B sl o3Y 1515043 50 559055, Lole> Caenl 4 axg L
Sy oMol cpl alsyo jo ax ST .000 pladl balos 7 b ol 4 cond Glai 0590 slaaiulgs L alol> ol
3 Syge )0 5 (6 lad Cuglie azel alex jload o (i ol Glbal (J wblioe 3505, ols A (ol
asls Bldail awlgs Slejll b sads Lasuine slas lolg, 4 azg b g aid 5 18 L5 )15 00 ab 5 plgo sla oo
Qb

2 3,l50 oyl Mol sl o sy (903l bglee Sl 5l o (BUsS Hloj 4o w0jb v slaiulesl ol a5 il |
259) VA @l 5l o Jgome jshar 0ol S (0 la Sy Sl abaii 5l )b elol Ll 00,5 o0 (o 59, plon
)‘«.).M Ls 9 uLM L u] Conid J.]a.: )‘ 090 g_JsLO..\.o b}l?u C).]o dw J.S‘» é}wd.o S u.:‘):l.aq O M‘? ):A: ul.io‘
Oy e asge 5 plgs b (Saslin slatalosl bl jl oy 355 il o (350l (Same 305 Slogiog38)
Al 5 Sy ObMal aieils mib cpl el S iz e clls LS o ], pelie b

2wl Sy o 1) ped oS 5 L poe ilaSaw L)WS | cas b jlase lgi oo o050 ($59095, Lele> el sl
s Sl 1) o yge;l byl g i |y (L3 slaoss j0 ool al)l Lulg, g o sovie 5l eoliiwl b b as o ol
2,5 oolatwl 3 VY-8 Jgaz j0 0al 4l )l Slesaly 5l les o glaie

500l sl oysl cavay |y B! Lo Wb wojb o pogase (g 40 dweyd V5l i las 8929 g 4o
Lol calo jo ol sl b g oo lgn Jlade ;0 doy V5l Lo Sgles il @l )d Ol Qi g J&> s
il Bl (6l ot o il s o sl bglove 5k Sl o o231 L g (yge5]

b oaryzs bl conlio Sz 50 b 1) los a0 ©f Cad (2 (5 )Lad Canglitn b bLs 1 ) adsl )b 2ol (sl
s 0 so,0 0 lhas o 0l s byl oy g Caaglio — Sl 40 Ol Cad slo oo 5l solaiwl b
Olows 4 Ol Gl 00iUS pnd (5 plg0 A (604l90 yo .l (05 Jatd o LB o balde )b o Cwglie 4

3,105 099 o a0 O



pS1509> i sl s cole Jeallygiws oy >y ey ooy \YA

0550 2 @ sloiws Gl g belio vcawms Mol b ol glosal ) 1Y-F Jgus

UL

Slaz oS J—ol> liebsl | 1) aails  SonSs v yo
Gl F a5 0piS o> ligeb] Sl i 29 5
3555 1 8l ks Sy s | Sl ol (lpee 22lS gz

T R 2 SR NSNAT
o ot b () o slo ails o B lad | pois alS gl s ol | 2 eebl

39 B y—an (et (Slubl)
ol b s il | oaisS s,
by Gl cedld

Sopd RS nizan | Glpg Fp, caaal oy R
S99 Lglo)ou.usj&.!a_.o‘ Lg..\.ud.»‘o )| 69)"‘; uu.(bl_{
Sl WS oolawl pod e

SealS L, goc e olyd lake
_ ‘ _ SRl ganails g5 sl
) i ) OedlS ilaSi s ojlail iSTas s

0w b3l | 0aS g ) 3e8 s sl | ] o SBlasl jrelS gl tages
S gl py 0o Gl kS ol Bl e | T ‘
SRS by Sl 3

AS Pl 1 baasls

By T SE JURRVEL g WP ES FUON . o
i ) Gaaalb b gl Gl
‘wf‘;.:}455;‘4_...:|bli)'éf,.>=\$ ) )éuslj_o
Gouails ) auaS colaiul digu
Olpe) s hals | ool b >
f(aw 20 jmals 1) 00 S5 lg, 348 Aapd Gulidlly es g
S a S e |y o5 L
B o cedlul oyl il Saal)

s (39 liin] a S 2y
Ll alaSow gasails g5 L;.»J»
SealS |y aslaZaw ojlail yiSTlos sl

A
g oolazwl VMA Sl (g gy

o159 o ol byl 5k () (6 gl (gm0 B-Y-5

ool sz g 0aS gy 358 (o938l Blge by Sl Hlie i L g e 53 1, Laialej] 51 Sy (L) (s dysli]
25 b b b bglsea iolosl ol jo ols 518 b51 0550 conds i8S )L 50 Jae j0 45 axl 3l Sy o5k SO 0
Ol Ol 5> (b BB Sl Gl 5 0550 IS (2010 ed 0aiS sy 358 (S8l Slse b o s
g il Ol g (Sadlaz s a5 920 4 il 55 quodl

Gedll Ol Bl S0 S)lie 4 0T i o2 b Gedll Bl 5 0aiiST sy (398 (0938 Slge b ol ke
slge b Of Gl 15l b ceodlal oy Slam o0 LSy 5 w0aliS oly; (398 (o938l olge b T e JBla Ly
5L sgyee om 3 R ol pls 4z 358 atiie B S 1B pwyp 9)90 0aiS (lg) (98 (50958
By es T (oS p0e

J3oz 0 aoM3 & (6l 5 5908 bl e 8 5 bl 4 Lo 53 TGS 5 g ees e dbailaSon 2

Cesloas @l VY-8



S 2 Ol




@ omoorepeyman.ir



¥ VEeY/oY/e ) ! Sl - Y

Sy OIS

Slds V-V

S Pl Sl B S 5,0 5 JUSl oy slats, sdymne 0% b STios i Solise Cunle s
b & P az g il o810 o o9 Sl 5 room Sk Sl Jdo 4y (rizren a3l o Cs 5 03l
5 9 (05 p® 4 S (Jgeme 5 b avslie 1o oSTH055 0 ;500 Bk 1ol Jgdue LB (g, jlid 5 LB

Slazd S 5 ) Syse 55l des 5 il 5 e (JB

ol ygiwd 9 ol | (wlw! 33 IB >,b Y-V

sl b 4 ol 4255 b nlplay el 520 SCC 4o 53,5685k & 5 pae s & (530,000 Sl Ygons
Sladod s oS ool 5l0sd Jsduo dacen 5 (050 glael (B 28l slacl) b 155 ¢ by (35 wile B
4 S0 B Hlad o ol Sl il a5y o el g byl ik aiile (sob; sla it 5 el oSy
SLad 5l G B 59y 2 JLid el S (S0 Sl ey 3l ool D50 50 (S il Siliulg e jLis
Sebiwlganm JLad 5l a8l LB jLis (Caelo p e G asile) 0k oS lacKinl o sl Sy ue

s azlS LB a5 51 oy bgls (6, banlis Lial3al b e

il 00l 4oy’ SCC (gl (g050e LB b poas 0 550,50 Cule, rimen

slizl plas (b 5o el hy0m G35 5 Graom Sl cbgle (oS 5 &l SCC I Lol B jlas -
@ gac b 5l ey Lawgi SCC 31058 o Jlesl 0 (POh) Seibiulyjase [Lid aS sgs (5,8 b CJB
Ll S5 s> 4 o STasl Ssliulgyone 51 i wilg oo B (g9, 0 ,Lid gl o a5, CIB (9,0
IR 6503l g sy 0590 b Lol ogs ales SCiliulg o [Las 5l S (B (g9, p jLad wdl pdy
il B ous il g 50l 38195 8590 9 05



pS1509> i sl s cole Jeallygiws oy >y ey ooy \YY

Tz 1) Sslivlgyone jlad aal (ol ccny gloalee aile LB gl plas b I8 b s o0 —
gl gano] g (555,80 eaihie 955 4wk by, uises 0S

Pl B gl slocrts & a5 oS b pS15095 (i g S5l Il Ysane a5 glwl 5 -

B mhaw 4 ol azg Wb plply ol Gl LB mlaw b Sals’ e odd Sl i e il e

Fowle Gyl 85 e al a5 gilule, olge Yaere) CodS L LB jlule; olge 5l ol izres 2l

A58 12 ol 516 w0l Jlael LB mdav 1 S3U s Y O g0 4 Sl 0 U 5 0500 ool ((ail oo
Sgd ol (s Ol 51 Lob) 0,0 aile el § s

Ot o3l 928 (58 4 e celin (b pas 0)ls Alie g el o (e G I e Lk -
L oelmbo ...ngisa ez B @ ps cole an el glodes jiow Ko B,b 5l 095 0 (S HHCr 3
sekiie (s 09 dalyS dd o 4 gie aSl el oo Jola (liebl (Sl 5l oS & b JB cuslie (b
29 Caley (Ol 0% 4l G D IV oY 4,85 0od Jad SLIII G col p3Y

Do oolaiwl 5.5 ACI 347 Loy, 5 bearogs 5l 0si o dmogs SCC slapyn o LB JLid pgas o -

DL (sl 05 e y0rn Soal 4T (55,050 40) 15 plp 90 B AilgE so Hlade ol ax ST 0ed plol

SCC b 305 3 p3¥ Loyl 3 whacadey Gl 381 cmzzod 9 (53350 3 (Sl jo o pg3l V-V S

w1095 i 1! Y-V
50 gl g CaeS g g9 Lk 5l plae o glay o 4 Lol cal Jgene i aslie (S T5095 0 12 Jeol i 10
Llss (o0 Oldes ;o el coausly J 4y 5L pac w0sd o8l (g iy ol [zl ogos 4y b 03U i Conle

Alas cuwlmly s Jsomo slogm b o155 o o o ool glacslis alex 50T (035 5, poe 5 sy



VY VEeY/oY/e ) ! Sl - Y

S8 amg5 0,50 ab oy 4l | Slelyl 5 egdle a5 ol ol GlSS 51 S idu ol 5o i)l 1l Gldes )0 eubiins

el 0 a5,

S0 Jo 65w oobol wilol 1 Y-¥-
el (S350 Sropirn Sz Sk odle] plim 45 555 lse

Ol ol b 4 gl 51 5 5wl conlie (2] Jalows S5 5 o518 Ll b boglie )b~

Sy 53 3l g 00g Heude canlie (Bulr Sl 00g (P, Ol b ceslite dadilony o o e -
g liim] arulss

2 odle azilizr wisgd gileaiins (pid Jab Lilso Gllae) o5, 50 Sndy glaghlel slagss, -
Gy 4 i oS Ay g )0l «)lls ol o Wb Al 5LS 8 (6,500 9)lge (! slagtales]

2,38 1y 2zl 5 (o8 IS 5 pST 0 G b lesT 050 50 oY laeyss Wb al2l s (B slesns -
sl

B0l 3550 5 (ow ik Gliul dawgs 525 s5,0% 5l S g sy )l olRows 00l 4 b LB (b -
D5

las (33,5 ,Lsl ¥-¥-v

P9 M pow fad ;o o Ceul Jsare i 50 Bras 350 pllas alie (15055 0 wllas 0,5 L (S gk
o5l Pl wlas Glastin ;o Oluudd 4 0515055 0 aSul @ axg b Lol wenl odwl () 0 el ]
Jsdee p3¥ 5las Sl g Dl poss S b/ 5 LS (22510050 Lade 4 Cod (65 Coel 5 4z g8 b el Jgane

g
Ol sl Niga 30 (0SS o> Glgo 5l oolawl b Jlie 6lp) alflas &yae 4 il Sglaie glaojlail b laailasis
05,5 15 Lol 5l polie (puasd 53 Cush, e 5 355 (8 Seslal 5 iy patns ol 4 Lo b,
el )3 b osb pe gl b gl clo Sl Cagb)) G ) SladilaSin B pas 5l 058 00 dnogi (rizren 09
o W JLaio) 3l 5 lband 5 s sloaY 5 s, glis oy 1 w05 ol (oIS o]

Sed Jolete Cogb,y g ouls 1Sy Lol <l ogd arslil o jo awle lail b jelaie oy ol ol



oS> o szl Sl Jaallygtws e sl gp ey \YF

S balso ¥-¥-y

Lol 5l b ail gllas o> o ol oBiws SGlG ayl 1 Lol el m3ledy SCC (gl S bglons £45 ,0 51 oolaiul
5Sae SCC JolS yals gl sly 3L 0550 lo a5 apd co lis 4 255 090 ol ) licels] las B 1eSy yaus
AS.) O}wJLﬂ.‘!JAlS)#AJo ‘9)‘_9959ML> w@&é&h@‘&bjﬁbwbgwuﬂ) ).,@bew|
yoens gl g olge 50,5 Adlal o 5 g 3Ls 9590 Do B el o587 4o G.ip”Ln)’l slbglxe cole cusnl Pl 4SS

! ‘:Jw élmwa -lo)Lo‘ )) L}«MJM)O Yo ~>5d~> wS‘;:é}?u.u-lo)Lo‘ )Jw )9143 05..w

45[?)'.5 ) ué;b,lm &5"“(..3"3) f-y-v

Ql)) (5"5) l) 9 W‘}.&: ijbus L G:L...mb ‘WLQU.A.: )in) ‘ WS‘)"QP u.u )b )-A-Qn} )ld.odo 45..4‘ L 4\.‘>-9.: l)
3 S Sy w09 E95 11093 Glap )0 egas 4 pllas (adasslS wll Jsese (i 5l S Wils o
0575 e | yiage 5 oS bslie U3 s plas ik, g ool cslio glogyS bslis 51 oolitul il oML
Slie ol 00 dnogi Liwly ol 10 .ail el OMSie (ol @8 10 QilgT o 00iS g, 398 9 ol (0,5 adlSl
GW‘BAS.) L...m.:).a.o.} L @L...mbs CJLM .’a)ld}‘ ‘U’“" 9 Os.m ASL@‘ .’ajbr.cé\.: u)‘ ‘g_:‘ o‘).o.b LY o ‘9)‘395)

g ALl 35 0aisS g, 550 b
a5 VMA ol slaiyzs 1o el jign lapT o Shae 5 6,15 56 lpae e ooliond 0938l olge (30,5 ablal e
5 Q}w 009)':9‘ Jasl?m a ,L:)L._>| ;.:T OAJLA.._‘)L» o‘),o.b aQ Ls ;).‘> ‘J))D-—‘ 0‘9“'” 9 )-A}l) L’ VMA uli/a‘ o> b w‘ W)
t ailosy Sl 515 05 Jlael G5 o 0kl be, oo aul o cdales] slobslis 5l onal Candy b Lol

o JLs! o-y-v

S oolainl (Sloglie yeralS diile (yren Ol 5l ol e oo 1,21 SCC L > y0 & jga i a5 oloosen sl
@b pS150e G S o0 SeS ilulaz slasial alS g (oSes Lid> a4y & g Je Job )0 o 03 o2
IS L (LIS a4 a3k 033 (s, 5 Sl epST S 5 Ttz 0 45 s ol Jone 4 s
Aok aily callas i sl g beod loy b aS 0gd a8 )3 a0 05V Slaged b g bl glaisS ey 3L gl
o Soal 4 azgr b1 ol walite 0,18 o515 4 L5 a5 cedlal glls Jgeme 0 b sl See SCC a5 § o
28 iy o sl Jlail (el g 05 5 pae s 050 550 590 5l Sl Con g (ST 5095 (50 )0 i )
4y b (S bslie lagals sl cenl Y w0l o (6508 (vr) ailosy )0 (5 39800 0313 g 5 9)l5e ST
£5 355 B g 390 ml 6,50 €5 55h Sl Jige Lilse %o 5 Jan oloj Ske ey ok JS o &



1Y VEeY/oY/e ) ! Sl - Y

oS balo yawols V-O-Y-V
Pl s 4SSl all plo cld b as o Aol in Lo eelS pla o bglxe p> SCC oL Sy, Judo @
Sly S bslre (y5uelS 0,10 0929 (S bglse dilas 5l oy sy Gl gy 9 bbewd jo pgas 4 (ol Coeal
ol caslin yin duo VEo U FO° o cadlal (b, 00, lylo oST 5055 v slalogle

Gob g pla b gy Y-0-Y-V

aolol b g ouds culan CJB alads 15150 Caows dy Digds o> 9,5 39 g0 00laiu] Dgd 5l A 605090 10 048 0 Aoyl
el canlie (Yo MY BY Ygome) (550,050 oS o> Sl el b o0 Ghsy gt ools Sy Sisd es 5,00
SYob Coedy bolse £8g.0,00 0929 Ol ol la Jleis| O jsan] e jo @il wal (I8 B jo wls sl
el Sy b o Jl 055 08 515 pla 5l o) g oad Llis G955 o S s wiley (B ol o
3008 Y o 5o (Bl sl o) sbul b K5 sS4 e Wi oo 5 358 o0 Ldes 5l (LBU d cds el
ol o wisd oslizal ol b (550,055 sl (036 L) @6 S5 5l sl ol ) 51 w3 sla o (s5up0rn plKie
Sl sl wson wsliial o5 gl 51 sl ot 4, o s o5 el s b sl S slel s

Pedised G O)ly I a8 098 Jol> el wl 5 95 00ls )18 2 a1 Sl 005 Al
Sic sl plz 3 a5 coslond apog Gl by w09 (G50 Saal o Al o Wl oo plr o> 05 Sgume
et Gy b ol atils jie La VYo B2V e n Coodlal )b, 3l SCC bglxe .05 oolaiwl o5 ooz b
5 390 e 3 g B 5 e S ol by g 5 aslinal 5,5 il e sladilony oo o515 o5l 5 35

10gh o0 dmogs 2 T A0 4 0)lge Coley pl sl esliinl pgaz o uisen

o5 102 b 65,00 &lp onlplo wes o 2alS |y o0 Kool el Koo jsb 4 pls jl eolazal -
Del (S
Sgd dad gla by e &S e el wls -

9 a2 8 gt b o sl bl S e slasl 3 S0 Sige 8 -



pS1509> i sl s cole Jeallygiws oy >y ey ooy \Yv'§

Fo Vo a5 Bl by g dgame yie VIO 4 bgiu gyl 4 09d o Aoy Dad )l colin] s 0 -

BIWIRTRE

oo oy Y-0-Y-V
US8) el cslin B il 51 o 50,5 mg cibly 42l 31 Cenglio 3 _Sublaz blie , oy boglia 5]
el g wloioo (Bb bglie )3 6525 lga Grizman 3900 1 Slo g el mhaw Sl G (B9, ! V-V
Oliebl b asly o 5 5y JolS 55k @ sl ey g s 5 (2 boglive a0dss Jore 093 o0 (55,00 Sl Gl
lo et (B glis)) 5o calie Jolgd 0 b CIB Gl 5l Sleey Sln 09d o0 bslie 3)]5 19a a5 350 Jol>
S8 5l dn b B Lad o)l cal ho Cunl I3 a p3Y Lagd oo JAB g A 1B S0 5l o e el Slesy
Soley ogad (nl o 008 oo Jloel QB 5 ey JLAS (G 039 3l S ez 09d 485 a o Sslialgjue

| L |: ra I

B by Coomnd 51 I3 (539 50 092 Y-V S

oo Sylg Jlesat B sl o 9,8 50 Saled o b wgd oo plmil LB (YL 5 ey b gm0 &S (60,190 50
4 S0 oSl v )3 Wb Siled o g 0ud £95 LB idu (n B0ml 5l Wb shs0%0 Wl el Tge slacle
L8 15 e09h £958 o5 (LB LS Ll 5o ooy il oo il 55 R (B ey Jsb izmen Bl CJB S
ol 2 4 Sl e |y (Jeere 0 b anslie ;0 SCC 18,5 (eoy sbilse

b oo Sl g BB o> 4y Jlad -

aiilo o 3l sl Gl ol g8l ools oolitul j1 _50) soac slon slocsl> -



VWY VEeY/oY/e ) ! Sl - Y

SRIoR =YY
4SS oSS (5% by ceslie Job il ools il et b oSl 5 B Slasie sl g y0% 5l S
S5 i Sy, o ols Jlatl Ly Bl e Ve ) it w5 olyr Jsb sz e sd Bl LSl sl
o5l oyt 9,0 Slep A el e (63508 (S0 g Kidl b ial38l sl weame slea b Ol Saluo
Ol s QS (o SaS g5 (90 (500 5o ) pedsl 0l Gl 5 (550 p0 ol g weai ]y il zg 5
sl & s JS 51 e S il ydsn ol 8 g 5o 50 By i 85 s o )
D9l (S50 SRS SRR e
Sloaady oo ;0 5 wyls s pdoladis 4 bl wi)ls atval b ,> Sial a5 slayl jogas 4 dabglsn 5l can
) 053 ol Tsame 535 0o b (i o Jlosl plSin 53 45 adie i 5,8l b el oligS
St ) 5 gl (3 plar €l S8 o L SIS 4 2 JUil ke S5 3 5 2,0 51 B ] 0m o
6575 4 b B o (g o bl 5wl @8 e b gion ol el 1) g pdy Lli g e (095 ot
Srd bl o) plesl 4 600 &5 S8y aldl &5 >l e S35 pled j0 G000 e oS Wgd L
b oo Rl B la e o (i 929 9 B HLad g wdl anhe Wil oo
ax 51 050 dgame im0 el b ol by el SIS ol Tox caw glas ) 5l o oly] bbb a5 o)l Jlexs!
08,5 i jlme gla )| iSTas iolesT b aul (Jg 09 Sgamme yie O s alold pl ol o0l oy

el 0y &5l 05l cilizee sliael 15 (g, b bl 4o 1) cbasoss

S =l @ S VIV B e Glays &l pdy Gl @aliee JSBIL ole s 0 S0 -
Mg s

38k b oo sla 5 (sl 005 p B ples B o9 £9,5 15 (el So S35 5l s y00 abl el e -
ol 0ol dogi o o YV B8V e o Coodlaol ) > cogul

oS o158 g oads aplss abais Sy jo b el iy00 50 S 1E0s o il Cudls wazg L -
bl o)l @b i jlome alold f2STas 00,5 6 1> Wlgi oo 45T (Gu> B w0l 1S 1dd (630 )00 abais
Del g0 Sgde e Vo Ay Yw Lol ool

Coomw B,y g0 4y bgle a5 09 00ls ojl>l g ool aizy ) Jleso 3550 ;0 SCC b dajless 65,000 ¢lp =
Slwl JESI (g Sy 995 cbgloie a5 095 0 Sl 532,05 53 el (F2V JSC5) 095 (5 1> s slect]
ool LB ol 5l caey leslitul byl 0 o SR Ghe) WS Jee (2006 (005 dg) aiile 9w
sl sl a3 (el yio oo Voo b 850 bl ol 2 (VY S)

Bl bl LB ol 5l Shesy e o lens aiile g il atils )l iewl &b bygiw S 0 —



051509 i sl g cole Joalljgiws oty ol VEoY/oY/o YA

(Olg2d g Coomnd 51 (639 500 E930 e 9 )19 by Coound 51 (530 5 (3 cCamwl y Caouw) Hlgrd 50 (S5 00 gy Y-V JS%

Sl slaols &yganl e 40 wed ol Sl ax B SCC ol5T baiuw 5l sl ( IS 6 G loe a4 -

3525 b sy 45wl oads ol s95u 4 bglie a5 (60)lg0 j0 Lol gl oo ity bgle jo aulgSl
ol Bl cyles wuli |, ol ‘_,,.asLi.;’;.a"Lo)'T s 90,5 ool ol eyl bgaw

Sogh oo iy lalaSin Canid a4 v |5 Caned sl o5 1,5095 50 (sl 00 (oS T 5l oolasul ST jgla
A5 18 00sme o) 9 50 (S (6509 Slge g balde slacad Wl o jls saily J 4y L a5 wes o lid byl
8 Olaseio Wb el oasly) 4 5ls Ll ws)ls callas 28 Slasin b bl slacas ¢ slge Slasin Sl

il Bl Cars O g0 4y 00l ) sl eolainl gzl 4y 05090 jo Ladd 0ed ol

e 0 lse Ol (ul (ugeme 4 e ol (Sae B B S Lo 4 ol slacl 1 pan o -
23,5 oolail Hla 990 slaJore )3 (5 ales 5l Olgioe ($3)l90 iz 5o 098 LB

aloo 51 Qlgien sl o5 9 0 ol Gl lyz (egas 4 g ogdse el I 50 (G,0% &S 0)lse 50 -
3y ol el pe 098 sl ceslie Sl rlans B0 osliiul apnd Sl (I L5 b S5

D5 i oS 515 alee

5 ol wdle (55 abee 51 Slsien 0 550 Sl 5l 6555l (sl s o0 £ o0 o B a5 S8y -



Ya VFeY/eY/e el Sl - VY Jad

Ll calopy V-Y-V

5 <1 53sy pae b ol (blS ol s Bjlas 5 lagie & S (5508 caadlal oy @0 5L als Vgons
A & igh SIS 50 JSde ol g G ob (S o g oo s pdy Ladlss I (U pudiidn 4 Lo
3 i s ) 8l e ol 5 09 ol gl (acly as Alle b e b 535 51 adsl Sy s 0
by s Iy 25,550 SCC 1oy 13 gm0l I el 5 aiads a3 & o s ok S22y ol
el 2oy VB Y 5l s o oS Jhg0 )0 05 oo Jos 252 Il 5l e go¥ed dlle all aila ol Jlo a5

g g0y bglde CS o o s 0ailly J L S Il 5l eslaiul sl asls
oo 1oz a8 T a0 09 o oy wgllae (ST el 5 cn] ol 9y b oS atws allo b o JIs (edans) 515
Sy 5o Sl JGI aas go¥9d dlo b oles e loyy aiile cloyy gum Sl (F-Y SD) was &) biaslaSw

ool aws Ao 3l oolawl U 1o mhaww c3lo y F-V STl

So9l Jos A-Y-V

Oliee Jl Gl b el jao 0 )0 g a8 (Jgare (i b dalie 1o 0515095 o (Sl T eo)lse 5l g ke 5o
5520 SN Ol sl 5l (orpmsy ol Wigi s 5 Sl bslie 25k 5 pllae Slasiis jl (i (Sl T oloj
Sy b (a6 0gd a3 L 0 el (ialesl el b 5 bglie ik al>pe 50 sl W sgled

D9d Sl (S e (Sodaex (L (59,5
Gilho codidlons b asl g5l des slagts, nlo b (5 ae liga jleslinul g5d50 cnl J5uS sla Sl 51 (S

Qb o (el o 4l oy ) azogr g sl Lol VYo=Y @85



woS1E0em o lzl g cole Joadljgiws ey ol VEoY/oY/o AN

slacyn lp aS ol o ael ol pgs al> o eals wl)l sla g, 5l Blsor cdle b sles 69l Joe 3550 40

(Sred (Sbgez 5 Sush) @ SOl 6T sle ln Sl ol anogi aged oolital il ol )l (Jgene
88,5 5T eslo 5l o aloldd (5 gl Jee



A Jed

S S g (A J S

2t




@ omoorepeyman.ir



VFY VFeY/eY/e) el o S5 a5 JpuS - A Jad

S SBCwd S g A5 J S

Slls Y -A

5 9950 pll azsl S obml sl JWSSlay b oaiiS sy lawgs o8 (Ll | ol J 28 wlie (S 50
€9 Lol IS 15 g 3,Shec ¢y d2eets 45 (8 Lok yo (sl Jiliel a5 slaigF e Aiali_ o Sgebco 41| 45" 4]
5 Ml 4y osls fhas gly ;o el slael adgs o alojl 51 Gy 507 w95 kS J55S oS ogs o o
(sl SCC sl 21 5 oy asli sgmge 5 iVl 5 el T 5 oaliul

el 05 g9d90 Cul 4 S 12l 5 s Jalge ary2x a5 SCC 5l sl 5 adgs adsl >lye 50 0505 42 ol
@l e ol 13l 5 03l o olys cdlan 5 lse 4y (53b5 Az 5 b Ll cnl o el 93 5 i Covonl
&3, os Slalillay (g0g05 b cenl 5L SCC (sl yiiin CodeS J7uS & jaiz aSiul o5l Bglans 039 Jome )0 (5%
o elee Gl 5 (Sadlaz gl Ol Coll o515555 o el sz SRl L Jle (lsie & ol (S
B gk &1 s (6708 caodlol 51l b aulicn (slaloglinn b anlin ;5 jien condlul by Baa L ST 5395
oaS ags @S 15093 (b BLS 1 s 28 all g loy 38Tl il LS boliue (s lauk 5l liebl (sl (6 5ot
S (o o bglie o Sloe g Slge (o Bl abasl, 5l (fwyo S0

Jd a5 sl f5e Gloj 25k S5 a5 ax gl 4S5 cpl 4 b oS 50s5 i CetS RS gl S pllai ol o
oSy CadeS J7US 098 )85 bl 0 JS e (0297 49 0025 18 33155 9,50 5 418l Anwgs 055y S 90
bl a2l ga (5 ;392 Slgn 5 Slosew ¢ 3938 Slge b Kt HEALS (ynels bl s o § Sl s sline! ol
R 0lS algi dzme LS e 0050 1) (% 0aliS wds g 059 ol 5 DLl la] Jpaze a5 a8 Jol>
odd anlr g Jo 059 n Jome 4 &5 (Sl (ole )3 el (higad g oud diley U 215 5 Sk Jotae
WS Jols Glaebl e 5o G2 CodsS oS Cenl JSSloy Cdsiae (nl el

Ll 00l )l cuaS S PLL‘:)‘L‘{MU).} sl Q\p@aﬁgo%)@@@lo%BLngI)J,aéw!)o



oS00 i gl s cobe Joallygiws ey Al e opoy)o \Ef

adgl @las g olgo (AS J 5 Y-A

L ailasuw 1-Y-A

O S585 9 @l )0 Wlgioe (509 0aiiS yy Slge 5 alaSiw Cugb 5 (ganalls jo ok &S (6,0 @ axgi b

1375 )8 4295 9 90 (Jyere slaish lp ) slodeadiginws pogdle nj Lulgs wb il anils (515095

b ) Kwe () 09 ooliinl Cosh ) 385 b K 5l ) SloailaSin Cughs ) pglae 7S Sl 09800 dnags =
Sl gais%y Wb o S (605,18 e il 4ils | sus s o/ 2B by Cusbs, (g pSojll ol sl
il S balie 515 ladilaSin Cusb, Sily oo g So3lal solie 45 wisd
8 doailaSns 51 Sy 5o Cash olie Wb sl ol eoliinl Cushy Glie et Slo K 5l AT (69)l50 0 -
Sagh) )0 (g ydS Ojg0 ;0 b clielo Yoz o Slgi b e 5 gy 2 50) R dilesy (gl el
Ol 00,5 (s (g lopdisal 5 Cushy Glime e 095 (gl (dealligies Wb I 0sd el s
il os Syl idlas Bpae ol g JUELT g (n 55 Dl @lae 03,5 )Ll (g 4 dt Joall gt
Sugby ool sl haid g 0,8 ooliisl (ast b oy 5wl ((Brae O lies 5 sl 2 )b 2ol o -

ol a1 abogy yo SlSlol wonnl Casy igle] olsl s a8 el

()09 0SS ) S (5y09 dlgo Y-Y-A
2 eObor 4 2l S s oy g 036 o 2l 5 5088, el ilgise 6,08 00ty Cush; g (ganails
5235 oS il 0955 o b oSt clé o) oolitsl o9 45 olo ] 5 ABl fan o 3o plgd 5 Slie latine
B 00,5 S 392 O)lse 51 SO 12 ol cmwlin 5 5 5l ol ol co 00isS s o il )l 500 g LM

138,50 oy 3 sla,l, ulwl nl 5 asl Hade 18 CuaS S Gl g a8l JralS See Jlos 4y Ol s

oy el (WSt syl 55 () S5 g 009 by Sl (6l ails ) slge ol yﬁ-‘*—’“’ S 2ol
Sl Caz ©lae ol o 0gd solaiul (i Mals L) Cogb, Bl b obboas 5l el oo
slin LS 51 el (pizean 5 190 50 (S bglie 4 JWl g (nje anld (b 50 5 olse ooy
Sl l5al, b (Il slaasslS (5 3,5 b aolS sbml i) o bsbie s o] SIS s 5

Dl 0dud S Lo cawlin
JrsS a3l g,y ol yo az ST all oo aoss LB slalal, 51 G ailsgy ) olge g9l lége jloslatnl  —
2 ab bl gl ol se Coenl Rl L Clegs (JBa bslr Slge vy 58 el Cnd Zugh,

ol olge wojo b Slegs JBs wele oz 2 Sl5 b G 5 Gy 2 59) 5 dlleny Gl e be slal



VFO VFeY/eY/e) el o S5 a5 JpuS - A Jad

olege a1 5l sl yjen loslaiwl b ol s olS oloul g coiias 5l (6,5 gl e gl S
2355 Jol> leb]

Lals ojlail yiSlas el oo dmogi 090 S plode jahay b ailsyy ) oslasl JiSTas § gamasls 8 -
Py DS undils sl Wgd (6 pSejlwl ol 4 el o )l5 dlgeze o )0 5 ganalls 5 dilys, O jpons
gl wile ;05 la by, 5l az SN 95d oo oolittul (6,5 ganails b 5 bs, 4 goamails 5l g ,See VO
slhosleiwl azlie (B 0 (0,5 oolatul (lgs o 3 0als 1Y Jad jo a5 ola g, b gom 4w (sl 5
ol 0 dpogh IS IS sl 5 ol s

D9 (g 35 J3Io Olegs sles ;S g oY pulad ol 0gd oo colaiwl Glego 5l aS g0 lae o -
SS9l Saz) 3 lep )0 5 (Glegs slos (ralidl 5l (65T sl cuz) 0,5 Slop )0 oo S rya &
(legs slos 2ol 5 035 &

D ool ailiws a5l O e b 0oy Cugby sl)ls a5 ploaiiS ) olge 5l o9l co aogs -

oloms Y-Y-A

ol F-Y-A

Slasein 63; (Slomw Slge 4 Ol s 156 5 0515955 5 559085, 5 2D )0 2l (e Slpis 3L 4 4z b
A.Al.s).» ULA)LM: VYooY 4.:).“) d)Lb.A) QSIM LQLQU.A.: LS‘)’ @‘) 6L®J4.x”)9.~w$ » og)l.c ) ‘E)‘s.»é J.:L: ‘lb‘s\) 9 k;d—lliﬁ

13,5 )8 4z 95 3 90 4o 9

5% 5 e @lan Coghy ol b o (bl s 5 o ailey o ol LS (Brae Of lade il -
23,5 2ol 5l & j50

i 43 53 a5 55058 5 05 plnil (6,09 00l g AilaSins aably Cusb, el 5 b ol Jlade Lol -

o Slaseine ol 236 oBialesl )0 p3¥ slaialejl plonil b sl casil O olie yuss olol 2 559095,

og,w geoey) O CSew 9 o)’L’i



oS00 i gl s cobe Joallygiws ey Al e opoy)o Ve85

03U oy s glojl (W pdy 9 (S J s Y-A

S a5 alp s 55 5 bl oz e 5 el S8y B 0 5o a5 i e 5]
P o Ceglia (5 pSojlail 4 (3L Jgere sok odleds i jgae Sl 1S slajiole)] plnil 4 (63l w0l
Sl A1 el iy s 3055, ol 4 5y a3 T il el a5zl b 3 5 Salar
o Sadlaz bl 10 Caeglie b aS ouls asie 8 5l ooguze 40 Tso g codll by aS cpl 51 laabsl (gl puo>
3550 25 035370 s (65950 « Sz pl 50 Cuaglie J S slajiale)] Koo plonil 0,5 e 518 o)l ala
D9 Ll )5 58 6l el 2L Glie Wb Cesload wIV-A Jgu o 58

€l 53,9 1y €00 Sl 29 A5 |y AL &gy Sl ol s bl (e i 5 55
el £oFF 1l (Lo o lailiwd b (! oy ael oy ) azogs asl o ylojlos VYo=Y @y 5 allas coils oo dwlgs
S lmen 358 0515 095 (359 Sou g 0dd ()l Wlgiee (a5 8,5 Jolo liebl b e JBlas (gl w09
bos GlPl 8 (Saslar 4 bles el FA G Gy polie j3 (egad 4 wibiee Rl bl oL
O O E98 & A sl by sl 5l 990 e 058 (et Wb 5 bl L ke ST cnlnle
ool oy 4 oliins QU5 adlige Sl Ysona o gbla FA-F e (line 4 el ke st gl AD b O
S5 it & ol 7 Gl &1 255 b il bslie 03 (sl mtls 1 (S oSl a it
Vol yeS odlol Glyz o3l b consS ls5 358 Brae (lie jo P jsb a5 el 5k 10 U5 ke 5 Slge o
Sl 2 1, TS0 (alofl (005 3 iy 8,90 sioisiilo PA B Y ey candll oy Jlio jolin) il n il
Slasin )5 Slyets (olulid 5 J 708 Guigred 9 518 3550 6 )5 wlol 2 bgle (59515 (699 conlin 51 Lol
s5sn ol Sy S sy 5 b gl L5 ol elin TSO e (99 05 S olar o1 ol llns
o2 e TS0 pliee STeizr 0 (5800 ooy 505 JLad Lo )lo L5 (5,008 LS (655l w093 o0 5512 im )
T50 (slye 1, 55 Tao Ygans TEO o5 jyolie (yog conlin 4y azgi L bl o5 biglive (5 lagly Conl (Sas w3l o5
asb Y 5l e TH0 (Lo o Khs y abolie (gl (Jgecn! canlivn b )IS7 25T gl a bV LY Ql.o)‘ilw QS eSS
D9 (505 Aogd

Lglie 5 5, sl Ll s ) 5 ool i sl Sl J8 sl VST (a3l o 55 o o 42 51
55 oslizad g, o 5| Slgioses e <o

&lp 0gd Lasuin dos Sle o alold § ez wlol 5 b J dil> o elas )| ol gSToas J dal> bl o
Conegs (il (o) 500 Sl (6 pSo3luil 4y (53l 0, Khee o 0515 L 0,8 heo (g0 (liae!

& slr a4z STl 00,310 5l S Wb (Sadlaz pliee Sl da)lS Wl sl e Sadlar Gy Gl o
3o b occal ol > LQOT 30 3, 8le o> a5 blas aisle ol ymals 1) Jlade ol all 5l canl (Sow o)ls0

S b 88l o jgan |y goby ciles o Bl Lo L g 09l oo a5, 0k gl )]



VFY VEoY/oY/e ) o] S g S S - A Lab

w1509 o 2B 9 Slgy 1-T-A
gee Cebl J S Glagialesl plxil b o ol 5 (el J18)) 5995, Sluogas Wb sl )b (o 50
g swyp Dy50 Ay Ay ) P B €l glas lasbinl [0 oals s Sadlas plp j0 Coglie 5 50,5 5 il
wile VA Jgaz illae baiglel plosl (g, 5 gy 0,
ANVYVe Lo lusliul  T50 5 caodll o)l - il
AYVe Lo s bl oST 505 i 6l oot ,asls -0
VY- Lo s laibinl (JSE V did LiglesT -
ANYVY Lo o lliul J adls ilesT -0
FYev-Vo Loolasbiol L ans iolojl -
FY ¥ Lo o laibind (UL o iz il o Caeglie
ATYOO Lo olwbewl ggim (29)) = )k -

NAPAY Lo s lasbinl 358 alesT 5l oslinal b w51 5095 oy Sodlaz ply 5o Caoglie -

sl bl 5l (o g «er L« Glaiale;] 5b SO o b« slaialej] plosl cbglsn b JuS sl
S oo ColaS (€ b)) Sadlaz plp o Coeglis
L 350 4 Ly a1 055 plonil syl €0 5 €D iglesl plosl Jilaom ol5 IS 4 o35 (2 (A S5 sl izt

23S B s 55 Wls e s baialej] Koo ploil 039 (8 Slasein @b



oS00 i gl s cobe Joallygiws ey Al e opoy)o

w1508 o 2l 9 Slgy s ialesl (gasued; V-A Jgus

&0 25 oS15055 o s
mm ol 5L > 03,
8O 5 ¥De SFO
VWYVe Lo lastel For ko SF1
Yoo b £se SF2
Abe L5 VFe SF3
$9515
S. T50 b; 03,
VWYYe Lo lustel vz Vsl
Yo < VS2
s Vil bz ol 03,
FYo¥-a Lo s b > VFL
\Y/e /e VF2
Lans cos 53
& olhe <
TYev-Ye Lo ol ?;::j); ,/,/;\e ; ES
mm. jail> 03,
Jail> b ol g cdlal oy G SO
VYV e s st oo YO 5Slas 1 0 5 S oS> Jsb sy U1
Siadee B0 Slam e Ve GO eS o Jsb gl J2
Sodlas pwly 50 Cwglio
YA (S adlaz gi 59
YYYOO (Lo s luibiw! = >31
V0 > SS2
do s (S Sadlas 03,
Vo> SR1
FYa¥-1) oo bl . S

Consi Golo 20 Lo 1D (soluo b 425, 50 slodiluS i s9l> sl sz ol ps il suisos, 5yl

29s g pSoill (ke 5 (i3 Olo b pS1 093 i 2l 5 Sy S slagiales]
O Olaseio b b gl cplols bl (o oS i oY sgus adsg 5l w5 slals 0 G Ojga

il VoA Jgaz 4o oads aill olie 5l i 6)1ols, el g oo dnnglin aals bglie b o

YFA



V¥4 VEoY/oY/e ) o] S g S S - A Lab

oul asmino polie 4y G jlxo (551019, Y-A  Jgus

le3l Sy Azt 55 (5,185, & 55dos bl 31
bgie caadll ok >

Ty M)awﬁ‘_g)lob)

+) 4l >, TS0

V a8

< > ML: o> IR ,aM. W JJ.)LM

Al 0uld asio (G09S 059 3 6‘3 Slasuin j0 a5 Cawl (69150 Iy polio oyl

2l & e e S50 5o o35 Slaiio Gillas syl ool Gz inlosl plal 5 (5o iz Sl -

PRI JENJEtL R R

Sl paiges Sl b iy JouS B cl p3Y dag] Ol s § pdlas Slasuine 4 o515955 oy Camlus 4 axg5 L
duL: s‘;w LSLQQ'*’ LS‘J’ ca‘) 6L®J7J 9 uLc‘).” 5 05)LC U»L.u‘ u" » .ao)f JLo.c‘ “_Jw 6Lmu~a A Cond )"‘M
205 aley Slgy JrS $ln YA Jooz 9)l9e

5155095 (5 (SFl9) 510 paigad 19T YA Jgux

Flgi Joloe San ool Gipdy | byl g9
daw)ﬁlidibﬁ).m‘_g‘ﬁ PO JIHS ‘5}(31.24:..\.&7% \

Gl 5,0l

Aassey Sl -V | et polie b Lkl )
&)Lid Coglie (5l paigas ol o 4y =¥ Oz 3 S pd bz sl

. . . ) eodll Gl > Y
&b Glasin ;0 3oy Gy ;0 -V | bbb )b o Ol S
LSS cels F oy sSTas -F ol oliae ados
adsl adg anld (b jo-) &ls)
Gz belse #,b el 5l 3 -Y
25 plas g olge 4o yoss Hloy o0 =Y Vb ela yiolos]
J-‘S-w@ 9 OI9R )Py O ) ’...."QLc‘}JHJ.éL:-‘aJ‘w);e = SRR
Loyl )l [0 S oans Sk e Y
_ KW
dll 0l ol ) Jail> 5 (Sasle

sy sl gesl 5l (SR LSl -F
(¥




oS00 i gl s cobe Joallygiws ey Al e opoy)o Ve

e il ¥ A
Jys Lgl.mraLL’:.; 3 eolaiwl gl (i S JaS paendd ﬁl.L’:.; S dgl MT)S 5 Olygzs ads a8 sl b
Vo RN VE-D R DOV oLii;;“Laﬂ &l 1ISO 17025 3 I1ISO 9001 wsle et
590] slro 9o by 0355 131, 05Y (gla g0l mastin g il b ol 8l Lawsgs g 51 LB 6 wilo 55 sy

sl )l 5 ool b -

(Sryon Sl -

(S0 okl b W8y b -

ol ol (55050 o b i lSin 3l S Slee -

doo sools 79,5 5 Sadle wlawdl csslie -

sl s il sl il Je Jolt s b s, 6l ) cpemy b ot JUisl Sl —
83l Joe g 2l gl 3oy -

Lol o595 5 g0l 5 Coenl Sl gl ik e g AilaKin pgas 4 mlas Dlasie S gl e aeliy



10) VEoY/oY/e ) o] S g S S - A Lab

I g (A J S slacund S F-A

cJL»a.og é‘s.o J)Ju.wuu‘ g.b V-F-A

ar C}.(}/:"C{ /Jto‘fé«f’ vé/: A@
n’ e L 4

¢

' e -
» LT .
iy Ao

..",{‘../(JL/ Y~ :ol{jb“!?f
L ] "

. . 0 [ o
NN 97 l://)l‘// V/b/ g :(L

Wgd J S Wl a5 lapn |
. LYoV o)lod 4 ol pl (o o) laslin] jo oass al )l CllJl L beaslaSons wlastin -\
= 0 ab
fo,ls gLl ¢ pogas Slasiv
. Llod ool Csras 5% 9858095, 03U i lasiine jo baailaSiw <l o IS0 80 -V
= 0 ab
Ciw! o0l
O yu> 0 ab fowl a8 )T )13 o)y 0590 abgy o (slo Lo alaSis ojlail iSTas Ol ,o -V
O o> O &b Sl 43,5 J18 ) 0590 Sladl j5 50 baaslaSiw ojlail iSlas 506 -F
. oolaiwl bl sl gizin 5l (dul> slge ) baailaSiw bYW Cos (pas (0 -0
= 0 ab
. 5 b Jasdlygiws sy g 5y balalin gl oo ol LM cand o -F
= 0 ab
fcmloas Soley oad 4,{|)‘ (_ngL;».Lo.l.N)
O albgss ,§ O QoS fod,o sladilaSiw g4 -V
Oawgso,s | O diwsl T, salalen g4 -A




pS1pogs o szl s S le Jeallygiws oyl yeopay)e

VOV

* v
s L she
3T S JsuISIN o5
u"'uu, ‘f o . v @f}
P e -
e AT
. (LAl $ ol
Nes) zUAVJ/J ”J"* |
:-"—’J v(db/’ y~ :0545/‘}; / (L'
» e
L ow ¢ “ .
AN M ] AN NS it
Wgh J S b o o]
Oy 0 &b £398 o0 plonl (ogats slo S 5l oolitul b cugb, J S -V
0 O s Casby S ile LT wgd e plol S 5l oolatul b cugh, JyuS a5 Sy90 50 -Y
i ) il o Jodllgws gllas
Oy O «b Fo9 o0 Mol bogloes 7 )b ;0 ol jghay LaailaSin cughs, jlaie -F
O g O &b Sl ouds aseine lrailaSow ojlail 2Slas bglsw #,b o LT -0
b 5o AlaSs ojlul S las Hais jaseie Ojse s V-0
Oy O ab Sl pp VA5l 1S oS bailaSKow ojlusl iSTos LT @
Wbl ;iS>eS ) polide 5l el bailaliw ojluil iSTas @
B x> 0 aby (o3l Lo B alols oy 2SS oy Sy -
B O ab it JIo | anksd sl pow Sy -
O e O &l . .. L
. eLaso)Sl,cé”M%cMLz.aJsl»‘n)Legm -
0 s
il ok oo e G alold pgus 95 —
Oy O «b Sl ooy J S €L aas ioloj] 51 ooliiwl b laaslaSiw o3lal iSlas SILT @
O j& O &b 3,10 ldail 7yl lasein b (4g50,5 b absS 55 o 5l) cad o slaailasow JSi LT -#
O s O ab fo,ls slbail &= )b Glasin b Giew 5 Ne slaails sy Y
ldasl 7,b Slasin b e e slaaslaSin /o Y0 Sl 5 508 duoy0 g gamails LT -A
0 s O &l
o,
0 s O &b C il Jgu8 5590 i yo sladilaSiw Cugb ) auo 0 g gamdils S g 6,10 pdiges yiles -9
O js O &b o,lo lbail 7 b laseine b (a8455,5 b aigS 5,k 5D 5, sleailoSiw JSo LT Ve
bl zyb Slasie b 5, gleaslaSows ooV SUl 5l 5,008 do)d g gamails LT -V
Oy 0 aby
)ls
O s O &b Sl Jgd 0,90 32, laailaSiw Cugh,y duo 0 g (gamails S g (5,0 pdiges Slgs —VY
Sloews 595




VOY VFeY/eY/e el o S5 a5 JpuS - A Jad

%",}c}j/;;wjmy.«éf &@
.y . L {

B
v

. S
o@ Ui & ‘J/ .~ A
:-"—’_J vgﬂ/’ oA :0% UT(L'

. . o‘ °
NN M ] AN NS it
Wgd JyS Wb a8 olaew]
Oy O &b o9 o ool L3 olge 5 LT -
O oiae O o (Al Ly -Y
O (g sliiie (gl)lo O Sal i glls & O 25 (o
O o pe O sob ).....SL> O Wcoﬁa &< O @Yﬁﬁ; codled 6‘)“5 (¢
m O &b Sl oo S s @l)d S g gamasls LT Y
m O ab Sl ooy Crumnd inlol 5l ool b s O Las -F
D)? Dde ?C,‘.M:‘e.xi:J)m&;}5@ngUb)l.:§)oréAo‘5Ajuu)oP5 -0
O &, 56T (Al
0 awle )l oo (o
€ awloads oolauwl a0 dlas o S el Ly d> 3l —F
0 sb ol &Lo).](% 00y 9 ran dlge 092 J S glp (Sbg) 4z )
O (02 7o ss) 0y (&
O s JrsS Canglin g (oloowd (S09380 dlae e 5 j0 ba,Ls 5l eolaul ,56 -V
»> O &l

oo




oS00 i gl s cobe Joallygiws ey Al e opoy)o \Of

oy y}" ,J{,i. 3 Jj.e o’f-‘.’/j u?&!‘{ (3@;\
¢
. o J;J/_,jfj;:“. "_:'IFLL:
11 t/f’ -

:—"/_J »./Q&/ >~ W] J / rf

. & * A .
AL :Mg/w/c//.;w’,rt
Nigl J 555 Wb oS (o]
0 s 0 b €05 GLdail o5 ke 5 o (peand laseiio b L claseine )
) J5sS 9 6 S o3lal petie &g SIS o3ll ST g ganails -Y
0 »> O &l
e
0 x> D 4k Fo5 00 JyuS pan b (g Slgo o929 =Y
b':l.éjb Q)?"‘t’ S &
R €S gline 5 b 130, Lo /b e 095 -
0ok O
Ded oo Byas 39 Oygar s 4T S)ge ;o -0
0 ps 0 &b ol oo CBl9iSy ©ygan Shd S0 quie8 5 oSen (2 byl LT (A
O s 0 aby fogd o0 S5 Jhd cusb, (@
O g 0 &b Sl 0l )90 Cugh, S5 Sls (@
O s 0 als €025 o0 plil ot Sy Cagh) Jlade bl bglire 25k Mol (&
g o oolainl e b Gl gs & jga L8 aS g0 o -F
m O ab a0 cawlin (5lwo 53-8 096 LT (]
O ).é O dg S aloads r:bu‘ elddd )| 6)59,19 6‘24 f:)y ).».3‘».\.5 (o
O )_.” O 4_1_? Clmload cladlxe UJ)CJ 099”42" ) Lo )u._u ﬁ‘ﬁ 39 u)z.a (u
O s O ab o980 S5 potns &g (JB) sl Slge Gl (&




100 VEoY/oY/e ) o] S g S S - A Lab

%}JJ/‘%,UJJQM:.{VQK &,

. ;/w y
” sl Tla, 2ok
Oé ‘o/“l:) {U"J// y v_xf 15
o J‘ ,‘;JL/ u(: ., %UT(L‘
L 2 J

Ly y & . - 0‘
.U’//fé/f ¥ l;//)(// V/b/ rg :(f
Sigh J 5 a3l o5 alares]
O s | Dab Sl 00 ploml loss 55y iS5 S slo siglo;] -)

O e O b Sl 4185 )18 sy 9550 00iS 1lg, 358 95 L (ol ol93) Glosas £55 (5,550 -

O s | Dl | Sl ond S plos olalill 5 daome byl caalsd sl ool 52 lomes oo jiSTas ¥

o o ,J{%;Uojggt;.{.,{,ﬁ A%

, e A,
1S quJ/J LU

ke ok Al

o“ s & M oA
AN :/v’g/w/c,ub’w,rc
Wgd J S Wl a5 laps |

. oBislosl jo Bran Hloww b ((oloowd § (S pd Slasein (g9 i 5N (B yrae Hloww LT -)
Oms | O4b

Ops | D4 £ o plonl 00l patdie Jl5i 53 (Brae loww Slasiin S LT Y

0y | Dab €355 o 0,55 (e £33 S b gl o LT ¥

. FoS o o8 Dlastin g Joadlygiws o cod asin polae 1 Glesw 6l loy Do -0

Oms | O4b -

) g CuaS 3 S5y J5S slp eV sl il e (EXPOSE) Les &y (i 45 G j90 p0 —F
Oms | O4b

el oals bl (_g}:bLLS




pS1pogs o szl s S le Jeallygiws oyl yeopay)e

ot o rins sl ghe? ..,{,/f (‘é
”y . - v

! 8 Ty

aé LJT;) {cj‘/ cj }“é ,‘/ d;/ e ;,,:'Jf-:brlﬂ}.

:w."rf‘ ./é}f/ Y

:U’/]f.&f 97 l://:l‘//ly'/b/ e :(L'

Wg J 58 b a5 o laeis]
O s O &b o9 0 oozl Hlowus (3501 Slge 51 LT )
Fcnl o ooliinl Hloagw (30l Glgie 4y Sase S0g38l olge ax 5l Y
L (& (S ey @b (o ks (A
opé (z b LY (&
O jo O &b Slonl ol Laseive ialej] ulal peolitul 0550 ylosm (550l olge Slasive LT -Y
O | Oab €l odal ey cilizin (globoglie il ol s o3l lgo 3l ooliisl aus o —¥
0,5 | oa |’ Obow (300 oole £53 4 4255 b (alord @09}5“ °/‘9~° drﬂﬂ Ol s &5}%}@’ -0
Sl 8,5 )18 (g 2 990 «(gorlil Ll 0
0,6 | o Ol S 5T gt oo osliiul plgs (roli jslaie & lowns (23Rl Slge 5l ax iy 7
Sl ot plol o3 (slo Y5 (5,05 Slge jlaie
Sloensgl

\OF



VOV VFeY/eY/e) el o S5 a5 JpuS - A Jad

Crrmgngelt LAl |,
" ’ ’ M é -

! : /' g, 2l

obﬂb{) ‘U‘(U}g”/ ‘J// GVl

:—"/_J u@&/ u‘: :oW J / rf

oy /J'fbf '] l:;/ s t/zb/ &L;;J ;rf

Wgd J S Wb a5 o]
6;5 Slasuin )0 0ud s oolo £ L oolatwl 9,50 e ‘_,’405}51 odle E5 g Slasuie )

9l cdllae

O, | Dal | S0 glbl olfilesl b 4o ool ooy jlaio b loses 235l s3ls B yan e Y

Ops | Db ol o 2l 090 Glors (2350l Slge Bran g (o)l 0y -
O ps | Oab '
€3,0 5929 ylucadsl oy
B pas 0956 g Slasein g Llogd o Brae J5 L Olégs &g ;500 dlge azilis -0
O ps | Oab . e T L
il oo a5 y50 5 3,0 Gllail _alisles] bslses #,b L
. b I8z oliee LT w0gd 00 Srae J5 L olegs ©jpa Glogs (il Slse 45 Jy50 p0 —F
O ps | Oab

Fogu g0 JyS o) dals dlge oo




pS1Eoss o szl g cle Jeallgind oy 32y eoy/ay)oy

'/“,}‘.},J/“%,wjggt:{’véﬁ &

b
Y

& — 4, . f o J;J//:VI;‘-‘.',;L;
[ Jn/ ’/’{d({rd)‘y"/ Ll

s

:o% ¥, !(f

WAL

¥ l;/ /)(:‘/ V./b/ .;LI:" J(f

Wigd J S wb a5 oben]

Sl ool oolaw! ‘Iaslm C)Ja ) @LM ‘5105)3‘ J‘}A ‘5(;‘9.:‘/ &J 4.> )‘ —\
0w ole (o I:I‘_gs).i|)fo.\$.;fc)lm| (¢ O owaS 38 po (o I:Ia..\.'.;.fgb)é,é (!
(w0 pl) 00 s (&
0y 0 ab sl 00y J S ooliisl 350 55933 Slge Slasine -¥
0 s P L%h)nosﬁd)@jugi‘@w@aj}slaou@ijuw%wﬁ -y
Sl 485 1,8 sy 2 050 9 J 55 (ould]
. WSS Ll 28,5 a5 o b olfiule;l ;o LT cowodll Lai> 4y 5L &g ,0 —0
Oy 0 ab ' ;
fowl oads plonl oS Jads oS oly p3Y sl iulesl
O s o 0, Ses uizmad g 0diile drog wlul 5 $55958 eole B pan e yiSTas LT —F

= U ab T
Sl &85 1,8 ()2 050 (5
500 Slasuin 4 > L LT dep Ol asein lade sl 4 5L & jg0 40 -V
D e O ok Jladie Lis g obnl 5l (cedl8l ll )t izmen 5 35 (Joo Ll yd g (S0958] Slge
5,15 0929 bl 5L 5,90 slgr Ol
D9 3 o] Slastie § g4 «59,50,5 oS 2 ol dlge 3l soliiwl &yg0 yo —A
0 0 ol L owojb O Slasin pioes e g Caoglio 4o (55,35 oaisS C)Lal oole 3l lﬂ -1
fowl a8 5 18 w0590 B0 45 3L 0,50 Slalill g cond8l oyl 4y 4> g5
Slnesg

\OA



oy L'} J/J:Jz]b&."/_,é}f
»y o - v

é‘gﬁ’\
h, . o' ;J/-/-"fjl ':r L
W g ol A5
:é/’v{‘ﬂ/ul: :oWJ /0

M R r

. . .‘ N
AL :Mg//,b/c//.;w’,rt

Wgwh J S b a5 oo
O | Oab 3 0dd (i Slaseiia 9 £95 b edpan 9)50 (olonds (S39381 Slge Slastin g g9 LT -
) ’ 83l ldasl alKislel LM )b 5 (28 Sl
0 O ol 4 5953l dlge Slasin ;o SB18Ss g CoaS g S Cys oY L;Lmu;%u)"l LI -y
) ’ £398 o0 plonl poiane &)90
O y> 0 ab Fnl 0l 590 ol pll jo (555331 Slge 5l oolatul g (5,103 09w -V
0,5 | oay |7 w35 o 5l ks S50 DLl g b Slasie 4 axg b Sog5l esle s Sl L] ¥
i ' HOWRWCE
Oy | D4k il oo (0938 Slge (2395 Sl 3Y Dliaad & srome (i DS 5 (2598 s =0
0, | Dab (SRS 0978 el oo Sy (002l B) euile anog ol G INSS Gley Boe 7
) ’ $3,l0 g8l ools Slasive p (6,3l
0 | Db 2933 50 elsil (sl ol B oy 5 £58 S 51 p3Y slacsslulaz s eSS plim o LT -V
) ’ £o98 00 Sule)

Slorpdg




pS1pogs o szl s S le Jeallygiws oyl yeopay)e

o7 ij,wjtgt:/j.«é}f e
"y . v /

b
y

Ia; o A-"J;/ J;J/-/i"/"; 2l
V’ - IUI
[ u‘d '/’(V. |

x/_’v(‘ﬂ/u& :.séw’rc

:U‘erbf M (;/ P L &L;;’ ;rf

Wigd J 558 Wb a5 o laps]

Sl oo oolawl ol a> 5l ciolesl slaloglies el 4o )
I AN )

olliulojl 5o eolisuwl 390 ol (o o5, 40 By ol aigos b (galao (I
O ).ao O ab Sl ool f:l.'gd‘ clf)lf 30 Bras O,90 u—‘ A5 s (_g‘fg f:)‘y ‘51.&&‘&)‘] Ls—‘ -y
ol 56 LT w08 13 colitul 0,90 s &jgar w51 5095 oy Conl 1,8 aS Syge 0 -V

Ops | Dab Do s e e et
Sl 48,5 )18 gyt 990 i S5 e b (59 0,5, 51 (9 a0

%}J.J/;,Ufjjtgt.;{véﬁ A@(

\
v

- * ,aj{/i"f':- 2ol
o/b{)z—.al aOEd

ke ok Al

. 0 . 4 »
I ' Ir;//;(:‘/ A )rl,

Wgd J 5 Wb a5 o]

&g, ol (o

Sailes paseioe 1y LIS O el Joxe =)
ol ui (u cl> uT (c_: Gmf:d,.‘ ASu.m )‘ L5a..\.«.o|.mT &_J (!

(% 3 pU) 0 5 (&

O s | Dal Sl pbnl b rae T clasein wsd sl o3¥ sloiabes LT -Y
Ops | D4 §05 g0 plonil oads (aseidis aslip ok Ol CoieS J 558 slagialoslplss LT Y
O | O4a Sasly oo 0l 5 y50 T 0,058 095 LT —F
Opd | Ol | fowbad clilbn oo o 5l Gy (IG5 0358 2l 0 T )l g3 LT -0
Oy | Db Cog cod 03l i Slgo as Bpan Jomo b 0,53 | sl Joma 3l o e LT -5
O, | Oah | Soulsoss sl ool cla p ssllhsl il O glaallsl o Jslnols slge -V

s

\$o




il

VFeY/eY/e) el o S5 a5 JpuS - A Jad

LW g LSl Ol jpezns g Canad > Y-F-A

LA . D
,/)’w'.u/A)U'JJ‘de{Ji{ (30
o . * 14 p '{f\)
Y
»e s, o » o ‘:J//:fxn-":fé’,
Wisg e, el

Aok g

. . .‘ N
WSINEL M| A AT J(L
. J
Wigd J 5 Wb a5 o]
O s O ab o9 0 ooliwl ags ol )8 0 0aud 0,98 g 4z b Jiwy 5ILT )
0y 0 ab S oo Sl wdgi wnl b 0 v5z5e izl g (8 lagyed Sl LT Y
Oy O ab ?o)lo Golas J...w).: S o 00l o..\.ib;\f slro,g0 b] -¥
039J1) 04 oo (slakaxdo JB s jl>o las Slastin (g S o Job o LT -0
Oy 0 ab '
oo 2wl by e dlge 4y (00
Sl Gliebl caali)l )0 oo ;53 £45 L ooy Jo pllas Glasin @las 51 LT -#
O ms O ab ,
§095 o0
D).(D’ DQ.LE QO}M}@&)A@jwQS)KM605)5CJLAA5ML)LU‘MJ)‘J.ALJ -y
‘ 638U L lae wlasein 5 £53 LT 5 fuslons (5,135 6l (5 )laeSi ()30 b Lol LT -A
O s 0 &b -
o, ey oyl (g9,
O s O &b
Cusloais
Wb oo Dl cod )b wsyo Ve 5l peS 4 odlas (je8 gl Uas iSTos LT e
Oy O &l .
(@30 b ol ZAEY L) Sead s 590
Wil oo Dlpgas cud )b as o Ve sl i oS dlas (ie8 gl U iSTas LT -1
O s 0 ab .
(3L b ol ) L) Sl s 590
Jod 0550 witwe 2 Ve 5l S o sdlas geze diloy lp s sSTos LT vy
Oy 0 ab ' .
(il oz AEY W) Sl
Wiied ol Yool i b goluw o5 mdlas oz diloy sl s STos LT -y
O s 0 ab P
(a3l o AEY W) Sel Jsd 590

§oolatwl 0,90 S bglie g55 V¥

Sloslems £33 31 515 o5 bl (& (585 oF bglde (0 (bl ojpmo Sy (& il 90 95 (il

olys o balsa(es
. Gk 5l op9e o ke b edlas o g (njs Dlie 5 o5 bglie <o)L LT V0

U = 0 ab
ARV
Oy 0 ab il (Sailiz g 5 colesy gadss o LT -VF




o159 i szl g cole Joaljgiws oty al VeV o ¥/o

. S pleerd (3538 lge (coz b (F39) 05le (njs sl p3Y Sl LT VY
U = 0 ab
Secwlonds oasd
. S5 b (Fome (90938l Slge oz b (F39) 05K (njs sl p3Y Sl LT VA
U = 0 ab
Srwloads oago J)LAS
Oy 0 ab '
Fowl o yiws BB oS5 oo j0 b (g0
6)9.;0 )J% JS\..: LY as ‘5105)9‘ J]}A 9 JL:J‘ ‘wiM» 9 ‘;w Lgl.ﬁbd.:‘.).im ‘uLo.:..w l..li -Ye
O yu> O &b ) _ - .
faigds (6ol ¢ S35 O gy o5 S oo 1,8 colatul
O s O &b Sl oo (YA Jsoz) oo (pend Slaldl gsllas cmllian o565 (5,00lg, LT =YY
g5 Ked gl a5 (5145550) ail oo cowlin g oo J S LY ylej o LT =YY
O s 0 &b
NETH
. I3l g Dl (S ISS g gy S ommilin 9 (ygke saile] el oS5 0 LT VY
O s 0 &b
Y-A Jgazmisllas) o )ls 0424
O s O &b Sog co Jrol> oylmabol 5l g Sliuazs o ,Slas Como 5l Sdlotiuns & jguas LT -YF
Sz b g SXen (Olasin ;o i el (Sbelse 5l i adss ogos L1 -Yo
Oy 0 ab
AP
O - Sgi g0 drogs) Tadl o 0nijle oy b illae (Shglie jo (5,5 L <o )b LT -ys
il ' (39 oslitl S bl o b 7 20 3l iSTas
e

\PY



\PY VFeY/eY/e) el o S5 a5 JpuS - A Jad

SIS paiged ylgh g9 ouuls etk g 03U s L iwlol i S ¥-F-A

o7 ij,wjtgt:/j.«é}f &
¢ . M X ¢

g
37185

o )u'lfe}. it f:/“ U‘l;u’ Nassof

:—"/_J »./Q&/ >~ W] J / rf

. & * A .
AL :Mg/w/c//.;w’,rt
Wigdh S b a5 (g lae ]
0y 0 &b 6995 0 pll €Cuslinr 09,5 5 €5« 0,5 (50 paigai LT -)
O g O &b o9 0 plosl wonds a1l ol jgiws Bubo € J 5D 05,5 ()10 paiges LT =Y
m O ab o9 oo plosl coads a1l Jaaljgiws Gubo € Staglio? 04,5 (5,l8 paigas LT -V
oS ciliste slaailons 5l oo ags (sladiges o ceodl by ol Sl s LT -F
O s 0 aby
Scusl Fo mm ;|
Jgaz llae calizes slaailoy 5l oad ans sladiges o do el b S0 &l psis LT -0
O s 0 aby ‘ '
ol Y-A
. Oley g do,0 Y wouls asine Hlade 4 Cams wcwdl Gl LislesT g lolg, LT -#
U = 0 aby
A5l yeS lagle; sl conds Lastine Hlade 4 Cas Va8 U;%Lo)'i & blg, LT =Y
Oy 0 aby
Sl a4l 20 il A 51 o b sglun slogle) sl g 4l £V (ails
Oy O ab ?J..i:tg‘so(lgi) az0g 9 4l Lol VYo=Y & i llae ()0 paigas ,ilgs LT -A
‘ ol 5 JyuS byl 75k llas g5 b Slasie ;s alasde BB i & e 4o -4
0 x> O &l ‘
§095 o0
b (A5 L) o815 o (6,105 yloj e 50 ooy 5l ool ails yy (sladiges LT Yo
Oy O &b . 7 < .
fgd o0 5 9! Joe 5 5 IS Lalps
Jate olfaglel 4 o3Y (2l bl 5 Sy Liio b 5, ol ey ladiged LT )
O s O &l ' ‘
g oo
@ by] Jlo)l 5 Como (g o paiges anl B S 4 Cond oylas oKiws LT VY
O s O ab _ :
o,ls ol oRis o]
) Slaladl a jaw 2ol 45 o @5 50 50 g Jote b oy adgs &l I8 LT VY
0w 0 ab .
QMJ‘_,’JO [nlz.l‘ ‘) WLA.AJO rn‘.)ﬁ‘ (o0 CSuw l; o)l.? Oy Slasice uul.u.:‘ )J) ‘_,’))/La‘

s




pS1pogs o szl s S le Jeallygiws oyl yeopay)e

ot v S dongsivishe oo
"y . . v

&,

& )
Iy " » * ) » r )
s nll cf'd'au’/ J/’G‘U

Ay T
J’Jur/-:'lju‘-lf&)

:;/_’.,(Jg/utf

k[ (L'

. . .‘ N
SINEA ¥ (;//;1:‘/ KA J(L
Skl Slol Py Cudlrd/ daseino
@t syl

O o,las O,k Loy PO G ol b >
O syl Ools VSI1LVSIO Gl et Sl
O syl Ol a4l v G el b= ialesT ;0 T50 b
O,k O, JLoyp v — (N J asl>
O s,las Ol Al G Vs

Ol Oo,ls

T5 min. -V &8

4rog g

Oyl Ooyls | G . = H2/H1 L ac>
O syl Ools JEOS VO =H2-H1 U as>

595 VA 3 b & i 62 S el
Do)l Ooyls | cogas 28 Luld glhs T
Ol Ol Glas 59, YA o sl g s,V e
0ol Ooyls | asby lojl VYoV i VA e

O oLl O,

O oLl Ol

O o,las O,k

VYooV a il Jooo illae
azdg; g 4ol el

Gl &)5e )0 plgs sla el )by
(QBy aido Yo jlan) Ol Li> @
905 g D985 ply o Cuaglie @
Jliad Cos Ol 3985 Gec @

V#¥



P Y

O aan wewend SSTe aslilas, dex 5 Ay o GPESO) o slizl 5 el Glslen) g piatie o Lige -
AYAD S el _tateo olKetils ol Ll Jue ol

O ) e el S L o ol B8 Vs g o1 055 G sees STy s o kel g JolBeyd Y
AY) Lo AFAD st (o5 5395 oy s ol S gl ¥l ae goco o(EALS 150)

65yt ST o0 camslB s ) JLske pol ¢ (S pmme ¢ S 5 s ads <00l (2 S dezme ¢ yguililan, ST e ¢ pwgad jug Y
Avay s‘_g)Lw).Q(wS US....A‘ ol) QLG.».O.’?U )SJ.Q Nep - ua 4.:;.“».’ ‘"rg.ﬂ).:b? ‘}u‘_gaﬁul.«ma J.o.!.”)yl.w«b" ‘».\.:SL’>

Cewds C.ll.u el g wfl/;;ep O L;lmu;%u)"l"‘l.‘&i 6ol ol (e Lo e ‘Ql,;ybl.o ols 0 yud L;s u»)lS.u ‘ ool)"sg/&.: KO
A axisl ¢yl o5 oSl (18 oaSiils (oS 5095 5 caass o515 gl o3l o (6l 85915 0 sl

VYV ol e o sl & gl s, —oST 085 oyt odlol sz (6ol — 2™ eyl cinis ligine 5 3,ailil olojlud
Jol ol

YA s olRtils bzl allas gl L5ls (5155 " oST0s5 o3 o slastalesl™  alo oloze] oge uel#

obsls 4z 50 il o sl Al L Mogue slogsd g 6 pSoilwl sla g, oS53 x40 G MLL s p Gl e Y
Aol )|

Oy G@a:u olf)ls CJ:?'lﬁ‘ ‘"c)‘l.'i O wl.:..i’;)bé)"‘t& (_g)Leg .)L?u.u (T LO).».LC‘).».»J c;Lc uu)&u sé‘&‘..\.a‘ 3)‘)] ‘coljﬁ)ﬁ Jesro—A
AD sanl (@ ST 50g

Cario g r‘*l‘ olRiils (6 557> 4l ubb ‘"ﬁ,Sl);‘o? O Oy Sl @.:L 9 (S o> ‘;M PR TR Lol C)I’ ;‘I"LS..:L?.C).#;A Q,,A)T—‘\
FY-FV amans AYAN Cuigos )l ol

Ols) " lenms s A oz el 0515055 % bglie )b waz (39, (VFAD) S (5 el T e quslis yito o o qmagad -V @
ol s il Vo ¢ (ST 5ses oty s olf1S

VAL iawl ()l 5 (0515095 i saass o8 )15 gl &ST 509> i (golaidl o, Ligale slo e (ol B0L lagl = VY

O 9 Feere i hawgs i sleesle szl 5 oy golamil alin § gy (ool ol s (gy0e (gyaem (6,8 plus VY
WA gl (lo)S (oS T5055 i o 0,585 Ll pl jo oST50e>

13- Khayat, K.H.; Hu, C.; Laye, J.M., “Importance of Aggregate Packing Density on Workability of Self- Self-
Consolidating Concrete,” Conference Proceedings: First North American Conference on the Design and
Use of Self-Consolidating Concrete, Nov. 12-13, 2002, Center for Advanced Cement-Based Materials,
2002, p. 53-64.

14- BIBM, CEMBUREAU, ERMCO, EFCA an EFNARC, “European Guidelines for Self-Consolidating Concrete:
Specification, Production and Use”, 2005, 63 pp., http://www.EFNARC.org/pdf/SCC Guidelines May
2005. Pdf.



oSioss i slzl g cole Jeallgiws qozy >y gopsay)e \#F

15- Naji, S., Hwang, S., and Khayat, K., “Robustness of Self-consolidating Concrete Incorporating Different
Voscosity-Enhancing Admixtures”, ACl Materials Journal, V. 108, No. 4, 2011, pp. 432-438.

16- Kwan, AK.H.,, and Ng, LY.T., “Improving Performance and Robustness of SCC by adding
Supplementary Cementitious Materials”, Construction and Building Material, Vol. 24, 2010, pp. 2260-
2266.

17- Georgiadis, A.S., Sideris, K.K., and Anagnostropoulos, N.S., “Properties of SCC Produced with
Limestone Filler or VMA, Material Civil Engineering, ASCE, 2010, Vol. 22, pp. 352-360.

18- ACI Committee 237, ACI 237R-07: Self-Consolidating Concrete, Farmington Hills (USA): American
Concrete Institute, 2007, pp. 30.

19- Khayat, K.H., “Optimization and Performance of Air-entrained, Self-consolidating Concrete, ACI
Material Journal, 2009, Vol. 97, pp. 526-535.

20- Nunes, S., Oliveira, P.M., Coutinho, J.S., and Figueiras, J., “Rheological Characterization of SCC Motors
and Pastes with Changes Induced by Cement Delivery”, Cement and Concrete Composites, Vol. 33,
2011, pp. 103-115.

21- Billberg, P., Silfwerbrand, J., and Osterberg, T., From Pressures Generated by
Self-consolidating Concrete, Concrete International, Oct. 2005, pp. 35-42.

22- Assaad, J., and Khayat, K.H., Effect of Coarse Aggregate Characteristics on Lateral Pressure Exerted by
Self-consolidating Concrete, ACl Material Journal, Vol. 102, 2005, pp. 145-153.

23- Gregori, A., Ferron, R.P., Sun, Z, and Shah, S. Experimental Simulation of
Self-consolidating Concrete Formwork Pressure, AClI Materials Journal, Vol. 105, 2008, pp. 97-104.

24- Leemann, A., Hoffmann, C., and Winnefeld, F., Pressure of Self-consolidating Concrete on Formwork,
Concrete International. 2006, pp. 27-31.

25- Assaad, J., and Khayat, K.H., Kinetics of Formwork Pressure of Self-consolidating Concrete Containing
Various Types and Contents of Binder, Cement and Concrete Research, Vol. 35, 2005, pp. 1522-1530.

26- Assaad, J.J., and Khayat, K.H., Effect of Mixture Consistency on Formwork Pressure Exerted by Highly
Flowable Concrete, Journal of Materials in Civil Engineering, ASCE, 2006, Vol. 18, pp. 786-791.

27- RILEM, Technical Committee 188-CSC, Casting of Self-compacting Concrete, 2006.

28- RMCAO, Best Practices Guidelines for Self-consolidating Concrete, Ready Mixed Concrete Association
of Ontario, 2009.

29- EFNARC, Specification and Guidelines for Self-compacting Concrete, European Federation of National
Trade Associations, 2002.

30- RILEM, Casting of Self-compacting Concrete, Final Report of RILEM Technical Committee 188-CSC,
Editors, A. Skarendahl and P. Billberg, 2006.

31-Koehler, E.P., and Fowler, D.W., Inspection Manual for Self-consolidating Concrete in Precast
Members, Center for Transportation Research, The University of Texas, Project Report, 2007.

32- www.omran-ag.ir.

33- Canadian Precast/Prestressed Concrete Institute, www.cpi.ca.


http://www.omran-ag.ir/
http://www.cpi.ca/

\5Y VFoX/e /o) b

34-B.Ekmen, “Self-Cpmpacting Concrete For Presented Bridge Giders”,A Dissertation Submitted to the
Gratuate School of the University of Minnesota, Octobr2008.

35-EFNARC, “The European Guidelines for Self-Compacting Concrete: Specification, Production and Use”,
May 2005, 68 pp., http://www.efnarc.org.

36-Skahn, Lawrence . F .Kurtis, Kimberly, E. and Horta, A.,” Evaluation of Self Compacting Concrete for
Bridge Structure Applications”, Georgia Department of Transportation, URL.

37-Khanzadi, m.,” Fresh and Early age properties of high flowing concrete”,these submitted for Doctor of
Engineering, p.p. 30-31.

38-ASTM C 1611/C 1611M-05. “Standard Test Method for Slump-Flow of Self-Consolidating Concrete,”
ASTM International.

39-Nevil AM, and Brooks, JJ,” Concrete technology”, Longman scientific and technology, 1983.

40-Ramkhandani, V.S.” Superplasticizers in Concrete”, Canadian Building Digest NRC.CBD-203,p.p.1-
6,1979

41-Tattersal, G.,Hand Banfill,PF,” the rheology of fresh concrete”, Pitman advanced Publishing program ,
1983.

42-Ramage, B., Kahn, L., and Kurtis, K., “Evaluation of Self-Consolidating Concrete for Bridge Structure
Applications: Task 1 Report,” Structural Engineering Mechanics and Material Special Research Problem
Report, Georgia Institute of Technology, June 2004.

43-ACl 237R-07, “Self-consolidating concrete”, AClI Manual of Concrete Practice, Part 1, American
Concrete Institute, Farmington Hills, Michigan, USA, 2007, 30 pp.

44-Khayat, K. H., “Workability, Testing, and Performance of Self-Consolidating Concrete”, ACl Materials
Journal, V. 96, No. 3, May-June. 1999, pp. 346-354.

45-Khayat, K. H., Assaad, J., and Daczko J., “Comparison of Field-Oriented Test Methods to Assess Dynamic
Stability of Self-Consolidating Concrete,” ACI Materials Journal, V. 101, No. 2, Mar.-Apr. 2004, pp. 168-
176.

46-EFNARC, “Specification and Guidelines for Self-Compacting Concrete,” Feb. 2002, 32 pp,,
http://www.efnarc.org

47-Shekarchi, M., Libre, N. A., Khoshnazar, R., Bagherzadeh, A., and Babanejad, S. K., “Highly Flowable
Concrete Made with Different Aggregate Grading,” Proceedings of 8th International Symposium on
Utilization of High-Strength and High-Performance Concrete, Tokyo, Japan, 2008, pp. 182.187.

48-Construction Materials Institute (CMI) at University of Tehran, Photographs were taken by Khoshnazar,
2007. http://www.cmi.ut.ac.ir

49-ASTM C 1621/C1621M-06. “Standard Test Method for Passing Ability of Self-Consolidating Concrete
by J-Ring,” ASTM International.

50-Daczko, J. A., “A comparison of passing ability test methods for self-consolidating concrete,” 3rd
International Symposium on Self-Compacting Concrete, Reykjavik, Iceland, 2003, pp. 335-344.

51-Jooste, J. P., “Approaches to Mix Design and Measurement of Workability for Self-Compacting
Concrete”, A Thesis for the Degree of Master of Engineering, Faculty of Engineering and the Built
Environment, University of the Witwatersrand, 2006.



oSioss i slzl g cale Jeallgiws qozy > ooy VEA

52-Illinois Test Procedure SCC-3, “Standard Test Method for Passing Ability of Self-Consolidating Concrete
by J-Ring and Slump Cone”, 2007.

53-Wistholz, T., Fresh properties of Self-Compacting Concrete (SCC). Otto-Graf-Journal, vol. 14, 2003, pp
179-188.

54-F.Larrad, C.F.Ferraise,and T.Sedran,” Fresh concrete: Herschel-Bulkley Material, Mortar”,
Struct.31,4,4-498(1998)

55-G.H.Tattersall,” The Workability of Concrete, A View Point Publication”, PCA1976

56-0Ozawa, K., Sakata, N., and Okamura, H., “Evaluation of Self-Compactibility of Fresh Concrete Using the
Funnel Test,” Proceedings, Japan Society of Civil Engineering 25, 1995, pp. 59-75.

57-Emborg, M., Gurnewald, S., Hedin, C., and Carlsward, J. (2003). “Test Methods for Filling Ability of SCC,”
3rd International Symposium on Self-Compacting Concrete, Reykjavik, Iceland, 323-334.

58-Japan Society of Civil Engineers: Concrete Library 93, High-fluidity Concrete Construction Guideline,
1999.

59-Koehler, E. P., “Aggregates in Self-Consolidating Concrete,” A Dissertation for the Degree of Doctor of
Philosophy, University of Texas at Austin, 2007, 426 pp. ICAR.

60-G. De. Schutter,” Guideline For Testing Fresh Self-Compacting Concrete”, September 2005.

61-ASTM C 1610/C 1610M — 06a, “Static Segregation of Self-Consolidating Concrete Using Column
Technique”.

62-Shekarchi, M., Libre, N. A., and Khoshnazar, R., “Aggregate: A Key of Assessing Self-Consolidating
Concrete,” Accepted for Publication in CPI Journal.

63-Shekarchi, M., Libre, N. A., Mahoutian, Mohebi, A., Behradi Yekta, S., “SCC Test Methods and
Discussion of the Results of Fresh SCC Stability,” Proceedings of 1st SCC Workshop, University of
Tehran, Iran, 2007, pp. 101-120.

64-E. P. Koehlor, D. W. Fowler, ICAR Project 108: "Aggregate in Self-Consolidating Concrete”, Aggregate
Fundation For Technology, Research and Education(AFTRE), International Center For Aggregate
Research(ICAR), The University Of Texas at Astin, March 2007.

65-Bui, V.K., Montgomery, D., Hinczak, I., Turner, K. (2002). “Rapid test method for segregation resistance
of self-compacting concrete,” Cement and Concrete Research, 32, pp. 1489-1496.

66-ASTM C 1712, “Standard Test Method for Rapid Assessment of Static Segregation Resistance of Self-
Self-Consolidating Concrete Using Penetration Test”.

67-http://www.hpcbridgeviews.com/i60/Article4.asp.

68-Bartos, P.J.M., Sonebi, M., and Tamimi, A.K. (Eds.), “Workability and Rheology of Fresh Concrete:
Compendium of Tests,” Cachan Cedex, France: RILEM, 2002.

69-Bethmont, S., “MECANISMES DE SEGREGATION DANS LES BETONS AUTOPLACANTS (BAP)”, pour
obtenir le grade de Docteur de I'Ecole Nationale des Ponts et Chaussées, 2005, 166 pp. (in French).

70- Sonebi, M., “Medium Strength Self-Compacting Concrete Containing Fly Ash: Modelling Using
Factorial Experimental Plans,” Cement and Concrete Research 34, 2004, pp. 1199-1208.

71- Okamura, h., and Ozawa, k., "Mix design for self-compacting concrete", library of JSCE, 25, 107-120.


http://www.hpcbridgeviews.com/i60/Article4.asp

159 VFoX/e /o) b

72- JSCE, "Recommendations for Self-Compacting Concrete", Concrete Engineering Series, Japanese
Society of Civil Engineers, 1999.

73- Bui, v.k., and Montgomery, d., "Mixture proportioning method for self-compacting high-performance
concrete with minimum paste volume", proceeding of the first international RILEM symposium on self-
compacting concrete, Stockholm, Sweden, 373-384.

74- Su N., Hsu K. and Chai H.," a simple mix design method for self-compacting concrete", cement and
concrete research, vol. 31, 2001, pp. 1799-1807.

75- EFNARC, "Specification Guidelines for Self-Compacting Concrete", Farham, UK: European Federation
of Producers and Contractors of Specialist Products for Structures, 2001.

76- EN, "The European Guidelines for Self-Compacting Concrete Specification, Production and Use",
European Federation for Specialist Construction Chemicals and Concrete Systems, 2005.

77- ACl Committee 237-07, "Self-Consolidating Concrete", 2008, American Concrete Institute, Farmington
Hills, Mi.

78- ICAR Institute," Aggregates in Self-Consolidating Concrete", Research Report 108-2f, March 2007.

79- Nanthagopalan, P. and Santhanam, M.," A Simple snd Systematic Mix Design Procedure for Self-
Compacting Concrete", SCC 2010 Conference Proceeding, Montreal, Canada, 2010.

80- Shen, j., yurtdas, I, m diagana, c., and li, a." contribution to mix design method of self-compacting
concrete (SCC): case of pre-cast industry", proceeding: SCC 2010 conference, 2010, pp 76-85.

81- Ghazi, F. and Rand S.A.J "New Method for Proportioning Self-Consolidating Concrete Based on
Compressive Strength Requirements", ACl Materials Journal, September-October, 2010. pp 490-497.

82- Daczko, j.a., and Kurtz, m.a.," development of high-volume coarse aggregate self-compacting
concrete" proceeding of the second international symposium on SCC, Oct. 23-25, Tokyo, japan.

83- European Committee for standardization (2000), 206, "concrete-partl: specification, performance,
production and conformity".

84-Interim Guidelines for the Use of Self-Consolidating Concrete in Precast/Prestressed Concrete Institute
Member Plants, TR-6-03, Precast/Prestressed Concrete Institute Interim SCC Guidelines FAST Team, April
2003.

85- Lachemi, M., Hossain, K.M.A., Lambros, V., and Bouzoubaa, N. (2003). “Development of Cost Effective
Self-Consolidating Concrete Incorporating Fly Ash, Slag Cement, or Viscosity- Modifying Admixtures,” ACI
Materials Journal, 100(5), 419-425.

86- Assaad, J., Khayat, K.H., and Meshab, H. (2003b). “Variation in Formwork Pressure with Thixotropy
of Self-Consolidating Concrete,” ACI Materials Journal, 100(1), 29-37.

87- Petersen, B.G., and Reknes, K. (2003). “Properties of the concrete matrix of self-compacting concrete
with lignosulphonate superplasticizer,” 3rd International Symposium on Self-Compacting Concrete,
Reykjavik, Iceland, 395-402.

88-Wong, H. H. C., Kwan, K. H. "Packing density: a key concept for mix design of high-performance
concrete". The University of Hong Kong.

89-BS 812-2. "Testing aggregates. Methods for determination of density". British Standard Institute, 1995.



wf‘fQPng‘P‘su}L»Jn&]‘)wOngﬂ} VoY oY/ \VYeo

90-Kwan A. K. H., Ng L.Y.T. "Grade 80-100 self-consolidating concrete for Hong Kong". HKIE transactions,
Vol. 11, No. 2, p.p. 1-7, 2004.

91-Young J. F. and Jennings H. M., in: "Cement and Concrete Science and Technology", Edited by S.N.
Ghosh, p.364, ABI Books Ltd, New Dehli, 1991.

92-Bury, M.A., and Christensen, B.J. (2002). “Role of innovative chemical admixtures in producing self-
consolidating concrete,” First North American Conference on the Design and Use of Self- Self-
Consolidating Concrete, Chicago, IL: ACBM.

93- Jeknavorian, A.A., Jardine, L., Ou, C.C., Koyata, H., and Folliard, K. (2003). “Interaction of
Superplasticizers with Clay-Bearing Aggregates,” Seventh CANMET/ACI International Symposium on
Superplasticizers and Other Chemical Admixtures in Concrete, Malhotra, V.M, ed., 143-159.

94-Yoshioka, K., Tazawa, E., Kawai, K., and Enohata, T. (2002). “Adsorption characteristics of
superplasticizers on cement component minerals,” Cement and Concrete Research, 32, 1507- 1513.

95-Cyr, M., and Mouret, M. (2003). “Rheological Characterization of Superplasticized Cement Pastes
Containing Mineral Admixtures: Consequences of Self-Compacting Concrete Design,”Seventh
CANMET/ACI International Symposium on Superplasticizers and Other Chemical Admixtures in Concrete,
Malhotra, V.M, ed., 241-255.

96-Li, C.-Z., Feng, N.Q., Li, Y-D., and Chen, R.-J. (2005). “Effects of polyethene oxide side chains on the
performance of polycarboxylate-type water reducers,” Cement and Concrete Research, 35, 867-873.

97-Blask, O., and Honert, D. (2003). “The Electrostatic Potential of Highly Filled Cement Suspension
Containing Various Superplasticizers”, Seventh CANMET/ACI International Symposium on
Superplasticizers and Other Chemical Admixtures in Concrete, Malhotra, V.M, ed., 87-101.

98- Hanehara, S., and Yamada, K. (1999). “Interaction between cement and chemical admixture from the
point of cement hydration, the adsorption behavior of admixture, and paste rheology”, Cement and
Concrete Research, 29, 1159-1165.

99- Li, L.-S. and Hwang, C.-L. (2003) “The mixture proportion and property of SCC”, 3rd International
Symposium on Self-Compacting Concrete, Reykjavik, Iceland, 525-529.

100- Collepardi, M. (1998). “Admixtures Used to Enhance Placing Characteristics of Concrete”, Cement
and Concrete Composites, 20, 103-112.

101- Sakai, E., Yamada, K., and Ohta, A. (2003). “Molecular Structure and Dispersion-Adsorption
Mechanisms of Comb-Type Superplasticizers Used in Japan”, Journal of Advanced Concrete Technology,
1(1), 16-25.

102- Golaszewski, J., and Szwabowski, J. (2004). “Influence of superplasticizers on rheological behavior of
fresh cement mortars”, Cement and Concrete Research, 34, 235-248.

103- Yamada, K., Takahashi, T., Hanehara, S., and Matsuhisa, M. (2000). Effects of the chemical structure
on the properties of polycarboxylate-type superplasticizer”, Cement and Concrete Research, 30, 197-207.

104- Comparet, C., Nonat, A., Pourchet, S., Mosquet, M., and Maitrasse, P. (2003). “The Molecular
Parameters and the Effect of Comb-Type Superplasticizers on Self-Compacting Concrete: A Comparison
of Comb-Type Superplasticizer Adsorption onto a Basic Calcium Carbonate Medium in the Presence of
Sodium Sulphate”, Seventh CANMET/ACI International Symposium on Superplasticizers and Other
Chemical Admixtures in Concrete, Malhotra, V.M, ed., 195-209.



W) VFoX/e /o) b

105- Berke, N.S., Cornman, C.R., Jeknavorian, A.A., Knight, G.F., Wallevik, O. (2002). “The effective use of
superplasticizers and viscosity-modifying agents in self-consolidating concrete”, First North American
Conference on the Design and Use of Self-Consolidating Concrete, Chicago, IL: ACBM, 173-178.

106- Velten, U., Schober, I., Sulser, U.,, and Mader, U. (2001). “Blends of polycarboxylate-type
superplasticizers in use for concrete admixtures”, Proceedings of the Second International Symposium on
Self-Compacting Concrete, Tokyo, Japan, 187-194.

107- Eric P. Koehler and David W. Fowler, "DEVELOPMENT OF A PORTABLE RHEOMETER FOR FRESH
PORTLAND CEMENT CONCRETE", RESEARCH REPORT ICAR —105-3F, August 2004.

108- Powers, T.C., Properties of Fresh Concrete, New York: John Wiley & Sons, 664 pp, 1968.
109- Ozol, M.A,, “Shape, Surface Texture, Surface Area, and Coatings,” Significance of Tests

and Properties of Concrete and Concrete Making Materials, (STP 169B), Philadelphia: American Society
for Testing and Materials, 573-628, 1978.

110- Barrett, P.J., “The shape of rock particles, a critical review,” Sedimentology, 27, 291-303, 1980.

111- Bui, V.K., Akkaya, Y., and Shah, S.P., “Rheological Model for Self-Consolidating Concrete,” ACI
Materials Journal, 99(6), 549-559, 2002.

112- Schwartzentruber, A., and Catherine, C., “Method of the concrete equivalent mortar

(CEM) — a new tool to design concrete containing admixture,” [in French] Materials and Structures,
33(232), 475-482, 2000.

113- Bouwman, A.M., Bosma, J.C., Vonk, P., Wesseling, J.A., and Frijlink, H.W., “Which shape factor(s) best
describe granules?” Powder Technology, 146, 66-72, 2004.

114- Jamkar, S.S., and Rao, C.B.K., “Index of aggregate particle shape and texture of coarse aggregate as
a parameter for concrete mix proportioning,” Cement and Concrete Research, 34, 2021-2027, 2004.

115- Pons, M.N., Vivier, H., Belaroui, K., Bernard-Michel, B., Cordier, F., Oulhana, D., and Dodds,
J.A., “Particle morphology: from visualization to measurement,” Powder Technology, 103, 44-57, 1999.

116- Taylor, M., “Quantitative measures for shape and size of particles,” Powder Technology, 124, 94-100,
2002.

117- Hudson, B., “Discovering the Lost Aggregate Opportunity: Part 1,” Pit and Quarry,95(6), 42-46, 2002.
118- Hudson, B., “Discovering the Lost Aggregate Opportunity: Part 4,” Pit and Quarry, 95(9), 40-43, 2003.

119- Ferraris, C.F., Hackley, V.A., Aviles, A.l., and Buchanan, C.E. “Analysis of the ASTM Round-Robin Test
on Particle-Size Distribution of Portland Cement: Phase I,” (NISTIR 6883). National Institute of Standards
and Technology, Gaithersburg, MD, 2002.

120- Aitcin, P.-C., High Performance Concrete, New York: E&FN Spon, 591 pp, 1998.

121-Jensen, 0.M., and Hansen, P.F., “Autogenous deformation and RH change in perspective,” Cement
and Concrete Research, 31 (12), 1859-1865, 2001.

122- Johansen, V., and Andersen, P.J., “Particle Packing and Concrete Properties,” Materials Science of
Concrete I, Skalny, J., and Mindess, S., eds. Westerville, OH: American Ceramic Society, 111-147, 1991.

123- de Larrard, F., Concrete Mixture Proportioning, London: E&FN Spon, 1999.



oS1poss o szl g cale Jasllgiws oy sz eoyyay)ey VWY

124- Kennedy, C.T. “The Design of Concrete Mixes,” Journal of the American Concrete Institute, 36, 373-
400, 1940.

125- Bui, V.K., and Montgomery, D.“Mixture proportioning method for self-compacting high performance
concrete with minimum paste volume,” Proceedings of the First International RILEM Symposium on Self-
Compacting Concrete, Stockholm, Sweden, 373-384, 1999.

126- Midorikawa, T., Pelova, G.l., and Walraven, J.C. “Application of ‘the water layer model’ to self-
compacting mortar with different size distribution of fine aggregate,” Proceedings of the Second
International Symposium on Self-Compacting Concrete, Tokyo, Japan, 237-246, 2001.

127- Hasholt, M.T., Pade, C., and Winnefield, F. “A conceptual and mathematical model for
the flowability of SCC,” Proceedings of SCC-2005, Chicago, IL: ACBM, 2005.

128- Oh, S.G., Noguchi, T., Tomosawa, F. “Toward mix design for rheology of selfcompacting concrete,”
Proceedings of the First International RILEM Symposium on Self Compacting Concrete, Stockholm,
Sweden, 361-372, 1999.

129- Shilstone, J.M. “Concrete Mixture Optimization,” Concrete International, 12(6), 33-39, 1990.

130- Shilstone, J.M., and Shilstone, J.M. “Performance-Based Concrete Mixtures and Specifications for
Today,” Concrete International, 24(2), 80-83, 2002.

131- Yool, A.l.G,, Lees, T.P., and Fried, A. “Improvements to the methylene blue die test for

harmful clays in aggregates for concrete and mortar,” Cement and Concrete Research, 28(10), 1417-1428,
1998.

132- Jardine, L.A., Koyata, H., Folliard, K.J., Ou, C.-C., Jachimowicz, F., Chun, B.-W., Jeknavorian,

A.A., and Hill, C.L. "Admixture and method for optimizing addition of EO/PO superplasticizer to concrete
containing smectite clay-containing aggregates", US Patent 6,352,952, 2002.

133- Jardine, L.A., Koyata, H., Folliard, K.J., Ou, C.-C., Jachimowicz, F., Chun, B.-W., Jeknavorian, A.A., and
Hill, C.L. "Admixture for optimizing addition of EO/PO plasticizers', US Patent 6,670,415, 2003.

134- Stewart, J.G., Norvell, J.K., Juenger, M.C.G., and Fowler, D.W. “Correlating Minus #200 Fine Aggregate
Characteristics to Field Performance in Concrete,” Proceedings of the 13th Annual ICAR Symposium,
Austin, TX, 2005.

135- Santhanam, M., Cohen, M.D., and Olek, J. “Sulfate attack research—whither now?” Cement and
Concrete Research, 31, 845-851, 2001.

136- Bensted, J. “Thaumasite-direct, woodfordite and other possible formation routes,” Cement and
Concrete Composites, 25, 873-877, 2003 .

137- Thomas, M.D.A., Rogers, C.A., and Bleszynski, R.F. “Occurrences of thaumasite in laboratory and field
concrete,” Cement and Concrete Composites, 25, 1045-1050, 2003.

138-Sahu, S., Badger, S., and Thaulow, N. “Mechanism of thaumasite formation in concrete slabs on grade
in Southern California,” Cement and Concrete Composites, 25, 889-897, 2003.

139- Crammond, N.J. “The thaumasite form of sulfate attack in the UK,” Cement and Concrete
Composites, 25, 809-818, 2003.



Y VFoX/e /o) b

140- Macphee, D., and Diamond, S. “Thaumasite in cementitious materials,” Cement and Concrete
Composites, 25, 805-807, 2003.

141- Diamond, S. “Thaumasite in Orange County, Southern California: an inquiry into the effect of low
temperature,” Cement and Concrete Composites, 25, 1161-1164, 2003.

142-Irassar, E.F., Bonavetti, V.L., Trezza, M.A., and Gonzalez, M.A. “Thaumasite formation in limestone
filler cements exposed to sodium sulphate solution at 20C,” Cement and Concrete Composites, 27, 77-84,
2005.

143- Stark, D. “Occurrence of thaumasite in deteriorated concrete,” Cement and Concrete Composites,
25,1119-1121, 2003.

144- Collepardi, M. “Thaumasite formation and deterioration in historic buildings,” Cement and Concrete
Composites, 21, 147-154, 1999.

145- Erdogan, S.T. “Determination of Aggregate Shape Properties Using X-Ray Tomographic Methods and
the Effect of Shape on Concrete Rheology,” PhD Dissertation, The University of Texas at Austin, 2005.

146- Ahn, N. “An Experimental Study on the Guidelines for Using Higher Contents of Microfines in Portland
Cement Concrete,” PhD Dissertation, The University of Texas at Austin, 2000.

147- Zhu, W., and Gibbs, J.C. “Use of different limestone and chalk powders in selfcompacting concrete,”
Cement and Concrete Research, 35, 1457-1462, 2005.

148- Nehdi, M., Mindess, S., and Aitcin, P.-C. “Rheology of high-performance concrete: effect of ultrafine
particles,” Cement and Concrete Research, 28(5), 687-697, 1998.

149- Tsivilis, S., Chaniotaksi, E., Badogiannis, E., Pahoulas, G., and llias, A. “A study on the parameters
affecting the properties of portland limestone cements,” Cement and Concrete Composites, 21, 107-136,
1999.

150- Ghezal, A.F., and Khayat, K.H. “Optimizing Self-Consolidating Concrete with Limestone Filler by Using
Statistical Factorial Design Methods,” ACI Materials Journal, 99(3), 264-272, 2002.

151- Svermova, L., Sonebi, M., and Bartos, P.J.M. “Influence of mix proportions on rheology of cement
grouts containing limestone powder,” Cement and Concrete Composites, 25, 737-749, 2003.

152- Kadri, E.H., and Duval, R. “Effect of Ultrafine Particles on Heat of Hydration of Cement Mortars,” ACI
Materials Journal, 99(2), 138-142, 2002.

153- Yamada, K., Takahashi, T., Hanehara, S., and Matsuhisa, M. Effects of the chemical structure on the
properties of polycarboxylate-type superplasticizer,” Cement and Concrete Research, 30, 197-207, 2000.

154- Plank, J., and Hirsch, C. “Superplasticizer Adsorption on Synthetic Ettringite,” Seventh CANMET/ACI
International Symposium on Superplasticizers and Other Chemical Admixtures in Concrete, Malhotra,
V.M, ed., 283-297, 2003.

155- Sakai, E., Yamada, K., and Ohta, A. “Molecular Structure and Dispersion-Adsorption Mechanisms of
Comb-Type Superplasticizers Used in Japan,” Journal of Advanced Concrete Technology, 1(1), 16-25, 2003.

156- Yoshioka, K., Tazawa, E., Kawai, K., and Enohata, T. “Adsorption characteristics of superplasticizers
on cement component minerals,” Cement and Concrete Research, 32, 1507-1513, 2002.



J‘PQP&&‘P‘SU}‘L&M‘)WOSWJ& \fov/ov/o\ \vf

157- Schober, 1., and Mader, U. “Compatibility of Polycarboxylate Superplasticizers with Cements and
Cementitious Blends,” Seventh CANMET/ACI International Symposium on Superplasticizers and Other
Chemical Admixtures in Concrete, Malhotra, V.M, ed., 453-468, 2003.

158- Yamada, K., Yanagisawa, T., and Hanehara, S. “Influence of Temperature on the dispersibility of
polycarboxylate type superplasticizer for highly fluid concrete,” Proceedings of the First International
RILEM Symposium on Self-Compacting Concrete, Stockholm, Sweden, 437-448, 1999.

159- Khayat, K.H., and Ghezal, A. “Effect of viscosity-modifying admixture-superplasticizer combination
on flow properties of SCC equivalent mortar,” 3rd International Symposium on Self-Compacting Concrete,
Reykjavik, Iceland, 369-387, 2003.

160- Rols, S., Ambroise, J., and Pera, J. “Effects of different viscosity agents on the properties
of self-compacting concrete,” Cement and Concrete Research, 29, 261-266, 1999.

161- Collepardi, M. “Self Compacting Concrete: What Is New?” Seventh CANMET/ACI International
Symposium on Superplasticizers and Other Chemical Admixtures in Concrete, Malhotra, V.M, ed., 1-16,
2003.

162- Lachemi, M., Hossain, K.M.A., Lambros, V., Nkinamubanzi, P.-C., and Bouzoubaa, N. “Performance of
new viscosity enhancing admixtures in enhancing the rheological properties of cement paste,” Cement
and Concrete Research, 24, 917-926, 2004.

163- Lachemi, M. Hossain, K.M.A., Lambros, V., Nkinamubanzi, P.-C.,, and Bouzoubaa, N. “Self-
consolidating concrete incorporating new viscosity modifying admixtures,” Cement and Concrete
Research, 24, 917-926, 2004.

164- Phyffereon, A., Monty, H., Skaggs, B., Sakata, N., Yanai, S., and Yoshizaki, M. “Evaluation of the
biopolymer, diutan gum, for use in self-compacting concrete,” First North American Conference on the
Design and Use of Self-Consolidating Concrete, Chicago, IL: ACBM, 147-152, 2002.



gs”‘)f o».)».'d‘g."’

Jbo ol 5l Ghaw SB35 L 985 az0gr g sl lejle LSSl 9 Glhslie (al 2l (o8 pllas ol

aliprl B 50 (08 - paasd 4,85 g abalo lsie watie p o5l s Glallle 5 Sl cold
ol 03,5 B 5 A oz 5 Bl gty callie 5 pogas (8 Slasin Jaallysios e calals
Sontz 9 ,9S )0 pole (hyeS g drwgs & J o) 0 B codd g 0l 3b 0lge Ll yo pol adals
sl o), 4 nezamfanniir glas ;o wad jicie gl pid g Lalgs 058 00 )5 @ Slae slacJled


http://tec.mporg.ir/

@ omoorepeyman.ir



Self Compacting Concrete (SCC)
[Code.120-5]

Authors & Contributors Committee:

Amir mazair  Raeiss ghasemi Road, Housing & Urban M.Sc. of Civil Eng.
(Executive) Development Research Center
Mohsen Tadayon Boali Sina University, consulting Ph.D. of Civil Eng.

engineers of Sinab Gharb

Confirmation Committee:

Parviz Ghoddousi Iran University of Science and Ph.D. of Civil Eng.
Technology

Ali Akbar  Shirzadi Javid Iran University of Science and Ph.D. of Civil Eng.
Technology

Mehdi Nemati Road, Housing & Urban Development Ph.D. of Civil Eng.
Research Center

Babak Ahmadi Road, Housing & Urban Development Ph.D. of Civil Eng.
Research Center

Mohammad Tadayon Ara Beton Co. Ph.D. of Civil Eng.

hossein

Steering Committee( Plan and Budget Organization):

Alireza Toutounchi Deputy of Department of Technical & Executive Affairs

Sajjad Heidari Hasanaklou Expert in Civil Eng. , Department of Technical & Executive Affairs



Islamic Republic of Iran
Plan and Budget Organization

Self Compacting Concrete
(SCC)

(Materials, Mix Design and Construction)

Annexes to

Iranian Concrete Code

IR-Code 120-5
Last version 20/04/2024

Deputy of Technical, Infrastructure and Ministry of Road & Urban Development
Production
Department of Technical & Executive Affairs Road, Housing & Urban Development Research
Center
nezamfanni.ir aba.bhrc.ac.ir

2024


http://aba.bhrc.ac.ir/
http://nezamfanni.ir/

akuls oy

o szl cabe Jealligiwsr Glee L
wleial) 5 Sl ] sl 5 €oSTogs
ST 509 o (b pas wlas g dlgs (ogas )
2ol ezl cole glagss, 5 byl )b
sl Sy g4z )b LIS Jold ¢ Juad i
5 Slazie p Gyee @SIPoes OR
Sy9y0 codlital 9,50 s g 3lge sla Shg
R Gasre 03l o ghalesl sy, g
Sl lojlre cbogle )b @l) slaghs,
Dbl cbgle 25l (b9, 03l o sl Sig
5 85 S el )0 9 2l sleacas
el 00 505 ]2l sl S



	پيشگفتار
	فصل
	1 فصل اول  كليات
	1-1 مقدمه
	1-2 تاريخچه بتن خودتراكم
	1-2-1 ايوان و شبستان مركز مصلي تهران، ايران
	1-2-2 پل بزرگراه صدر و تونل نيايش ايران

	1-3 مزايا و محدوديت‌هاي بتن خود‌تراكم
	1-4 انواع بتن خود‌تراكم از نظر ساختار
	1-5 خواص بتن خود‌تراكم تازه (خميري)
	1-6 بررسي اقتصادي
	1-
	1-1-
	1-2-
	1-3-
	1-6-1 بررسي اقتصادي هزينه‌هاي توليد و اجرا
	1-6-2  بررسي اقتصادي هزينه‌هاي زمان
	1-6-3 بررسي اقتصادي هزينه‌هاي كيفيت


	فصل 2
	2 فصل دوم  مروري بر مشخصات مواد و مصالح بتن خودتراكم
	2-1 كليات
	2-2 مشخصات مصالح بتن خودتراكم
	2-2-1 سنگدانه‌ها
	2-2-1-1 تشريح خواص كليدي سنگدانه
	2-2-1-2 روش‌هاي تجربي براي انتخاب مصالح
	 روش چگالي انباشتگي34F
	 نظريه خمير اضافي
	 روش shilestone
	 معادلات آب مورد نياز
	  روش توان 45/0 (Power 0.45)
	 انجمن بتن آمريكا


	2-2-2  پُركننده‌هاي پودري معدني (غير فعال)
	2-2-3 سيمان و مواد جايگزين سيمان
	2-2-3-1 ويژگي‌هاي فيزيكي و شيميايي سيمان و مواد جايگزين سيمان
	2-2-3-2 اثر پودرها و مواد جايگزين سيمان در چگالي انباشتگي

	2-2-4 مواد افزودني شيميايي
	2-2-4-1 مواد افزودني فوق كاهنده آب يا فوق‌روان كننده (HRWRA39F  يا SP40F )
	2-2-4-2 مواد افزودني اصلاح كننده گرانروي (VMA)
	2-2-4-3 مواد افزودني حباب ساز



	فصل 3
	3 فصل سوم:  مروري بر آزمايش‌هاي رايج بتن خودتراكم تازه
	3-1 كليات
	3-2 آزمايش‌هاي كارايي بتن خود‌تراكم
	3-2-1 آزمايش جريان اسلامپ و زمان 50 سانتي‌متر (T50)
	3-2-2 شاخص پايداري چشمي52F
	3-2-3 آزمايش حلقه J 53F
	3-2-4 آزمايش جعبه L
	3-2-5 آزمايش قيف V
	3-2-6 آزمايش ستون جدا شدگي (پايداري)
	3-2-7  ارزيابي سريع مقاومت در برابر جدا شدگي ايستا (آزمون نفوذ)
	3-2-8  آزمايش جداشدگي ديناميكي
	3-2-9  آزمايش پايداري الك GTM (GTM Screen Stability Test Method)
	3-2-10  بررسي خواص رفتار‌َشناسي بتن با استفاده از دستگاه رئومتر


	فصل 4
	4 فصل چهارم:  مروري بر روش‌هاي رايج طرح مخلوط بتن خودتراكم
	4-1  كليات
	4-2 توصيه هاي ارائه شده توسط انجمن‌ها و موسسات معتبر بين المللي
	4-2-1 روش انجمن بتن آمريكا ACI 237
	 گام اول : تعيين مقدار «جريان اسلامپ» مورد نياز با توجه به مشخصات سازه يا المان
	 گام دوم : تعيين مقادير سنگدانه
	 گام سوم : تعيين مقدار پودر، مواد سيماني و نسبت آب به مواد سيماني
	 مزايا:
	 محدوديت‌ها:

	4-2-2 روش كميته اروپايي EN
	  توصيه هاي مطرح شده توسط موسسه  EFNARC
	 راهنماي ارائه شده اروپايي EN
	 مزايا:
	 محدوديت ها:

	4-2-3 توصيه نامه ژاپني بتن خود تراكم (JSCE)
	4-2-4 روش ارائه شده توسط موسسه ICAR
	 گام اول: انتخاب دانه‌بندي سنگدانه‌ها
	 گام دوم: وضعيت شكل و گوشه داري سنگدانه‌ها (,𝑹-𝒔−𝒂.)
	 گام سوم: انتخاب حجم خمير
	 مزايا:
	 محدوديت ها:


	4-3 توصيه‌ها و روش‌هاي ارايه شده (در مقالات) توسط برخي از محققين
	4-3-1 روش مستدل طرح مخلوط
	4-3-2 روش حداقل حجم خمير سيمان
	 گام اول: تعيين حداكثر حجم مجاز سنگدانه
	 گام دوم: تعيين متوسط فاصله بين سنگدانه‌ها
	 گام سوم: تعيين حداقل حجم خمير
	 مزايا:
	  محدوديت ها :

	4-3-3 روش ارائه شده قدوسي و همكاران [Error! Reference source not found.]
	4-3-4 روش ارائه شده Su و همكاران
	 گام اول : محاسبه مقدار سنگدانه درشت و ريز
	 گام دوم: محاسبه مقدار سيمان
	 گام سوم: محاسبه مقدار آب آزاد
	 گام چهارم: محاسبه مقدار خاكستر بادي و سرباره
	 گام پنجم: محاسبه مقدار آب مخلوط
	 گام ششم: محاسبه مقدار و درصد فوق روان كننده مورد نياز
	 مزايا:
	 محدوديت ها:

	4-3-5 روش ارائه شده توسط Shen و همكاران
	 گام اول: تعيين مقدار سنگدانه‌ها
	 گام دوم : تعيين حجم خمير
	 گام سوم: تعيين تركيب خمير
	 مزايا:
	 محدوديت ها:

	4-3-6 روش مطرح شده توسط Santhanam و همكاران
	 گام اول: انتخاب تركيب سنگدانه‌ها
	 گام دوم: انتخاب فضاي خالي بين سنگدانه‌ها
	 گام سوم: تعيين حجم خمير و حجم سنگدانه‌ها
	 گام چهارم: تعيين نسبت حجمي آب به پودر
	 گام پنجم: تعيين حجم پودر و حجم آّب
	 گام ششم: تعيين تركيب پودر
	 گام هفتم: تعيين فوق روان كننده بهينه
	 گام هشتم: تعيين مقدار بهينه VMA
	 گام نهم: ارزيابي انسداد مخلوط
	 مزايا:
	 محدوديت ها:

	4-3-7 روش ارائه شده توسط Ghazi و همكاران
	 گام اول: انتخاب حداكثر آب آزاد و مقدار هوا
	 گام دوم : تعيين مقدار آب آزاد و نسبت آب به سيمان
	 گام سوم: محاسبه مقدار وزني و حجمي سيمان
	 گام چهارم: تعيين حجم و وزن شن خشك
	 گام پنجم: تعيين نسبت آب به پودر ( مجموع سيمان و مواد سيماني و پودر سنگ)
	 گام ششم: تعيين وزن پودر سنگ آهك
	 گام هفتم: محاسبه مقدار سنگدانه ريز به روش حجم مطلق
	 مزايا:
	 محدوديت ها:



	فصل 5
	5 فصل پنجم  معيارهاي انتخاب كارايي و  رئولوژي بتن خودتراكم
	5-1 كليات
	5-1-1 قابليت عبور
	5-1-2 قابليت پُر كنندگي
	5-1-3 پايداري

	5-2 انواع ناپايداري بتن خود‌تراكم
	5-2-1 آب ‌انداختگي
	5-2-2 انسداد
	5-2-3 جدا شدگي
	5-2-4 ته نشيني (نشست)

	5-3 ارتباط نتايج آزمايش‌هاي بتن تازه با شكل عضو و مشخصات عضو

	فصل 6
	6 فصل ششم:  مشخصات مصالح و طرح مخلوط بتن خود‌تراكم
	6-1 راهنماي انتخاب مصالح
	6-1-1 سنگدانه
	6-1-1-1 سنگدانه‌هاي درشت
	6-1-1-2 سنگدانه ريز
	6-1-1-3 پركننده‌ پودري

	6-1-2 سيمان
	6-1-3 مواد جايگزين سيمان
	6-1-3-1 دوده‌سيليس
	6-1-3-2 سرباره كوره آهن‌گدازي
	6-1-3-3 خاكستر بادي
	6-1-3-4 ديگر مواد جايگزين

	6-1-4 مواد افزودني شيميايي
	6-1-4-1 مواد افزودني فوق‌روان كننده/كاهنده قوي آب
	6-1-4-2 مواد حباب‌ساز
	6-1-4-3 مواد افزودني اصلاح كننده گرانروي (VMA)


	6-2 روش پيشنهادي طرح مخلوط بتن خودتراكم
	6-2-1 كليات و مباني
	6-2-2 دامنه كاربرد
	6-2-3 گام‌هاي طرح مخلوط
	6-2-3-1 گام اول: تعيين انحراف معيار و مقاومت فشاري هدف طرح
	6-2-3-2 گام دوم: انتخاب ميزان جريان اسلامپ هدف
	6-2-3-3 گام سوم: انتخاب درصد اختلاط سنگدانه‌ها و منحني دانه‌بندي
	 حداكثر اندازه
	 دانه‌بندي
	 شكل، گوشه‌دار بودن و بافت

	6-2-3-4 گام چهارم : تعيين سهم سنگدانه درشت و سنگدانه ريز
	6-2-3-5 گام پنجم: تعيين درصد فضاي خالي مخلوط سنگدانه در حالت متراكم شده با ميله
	6-2-3-6 گام ششم: انتخاب رده شكل و گوشه‌داري سنگدانه‌ها (Rs-A)
	6-2-3-7 گام هفتم: محاسبه حجم خمير
	6-2-3-8 گام هشتم: تعيين نسبت آب به سيمان
	6-2-3-9 گام نهم: تعيين مقدار  و تركيب خمير
	 مقدار آب:
	 تركيب پودر:
	 مقدار هوا:
	 تعريف ضريب تاثير k  (تاثير مواد جايگزين سيمان)
	 ضريب k براي دوده سيليس
	  ضريب k براي سرباره كوره آهنگدازي
	 ضريب k براي خاكستر بادي معمولي
	 ضريب k براي پوزولان‌هاي طبيعي
	  تعيين درصد هوا

	6-2-3-10  گام دهم: تعيين مقدار سنگدانه

	6-2-4  اصلاح طرح مخلوط
	6-2-5 بررسي ابقاپذيري (ثبات) طرح مخلوط نهايي بتن  خودتراكم


	فصل 7
	7 فصل هفتم:  نكات اجرايي
	7-1 كليات
	7-2 طراحي قالب بر اساس آيين‌نامه‌ها و دستورالعمل‌ها
	7-3 اجراي بتن خود‌تراكم
	7-3-1 الزامات آماده سازي محل بتن‌ريزي
	7-3-2 انبار كردن مصالح
	7-3-3 مخلوط كن‌ها
	7-3-4 روش‌هاي مخلوط‌كردن در كارخانه
	7-3-5 انتقال بتن
	7-3-5-1 كاميون مخلوط‌كن
	7-3-5-2 بتن‌ريزي با جام و شوت
	7-3-5-3 پمپ كردن

	7-3-6 بتن‌ريزي
	7-3-7 پرداخت دال‌ها
	7-3-8 عمل‌آوري


	فصل 8
	8 فصل هشتم كنترل كيفي و چك ليست‌هاي اجرايي
	8-1 كليات
	8-2 كنترل كيفي مواد و مصالح اوليه
	8-2-1 سنگدانه‌ها
	8-2-2 مواد پودري خنثي (پركننده‌ پودري)
	8-2-3 سيمان
	8-2-4 آب

	8-3 كنترل كيفي و پذيرش آزمايش‌هاي بتن تازه
	8-3-1 رواني و كارايي بتن خودتراكم
	8-3-2  كنترل فرآيند توليد
	8-3-3 تضمين كيفيت

	8-4 چك ليست‌هاي كنترل كيفي و نظارتي
	8-4-1 چك ليست كنترل مواد و مصالح
	8-4-2 چك ليست‌هاي تجهيزات، ‌انبارش و اختلاط
	8-4-3 چك ليست‌هاي آزمايش‌هاي بتن‌تازه و سخت شده و تواتر نمونه‌برداري


	9 : منابع
	Blank Page

