p38 ke (oin Jlo shagy Al
¥ Okl 55l
VA o
AWIANS 3l s st

WO/ e oy G

S o3 B plod Cooud 9 (S LS Cuwoglin ( SK0d p 13198 S0k 9 (ko390 WU owy g

EPS
: ‘g&é} MOS0
3 oS A>19 oMl 13T RIS (Ol ok cwihigo ASEINS (Ol yos (owitigo 09 5 3b Sl
Solos >

38 gwnd 019 oSl 13T SIS (Olga O King s olil (O yor  gwkigo (gl )l

°

L i o 0L oy LK 4 4y (EPS) ok Jnuio O3 pliel oy D153 0T 58 45 bl oo & oy 193t 31 5 EPS oo
OLAL G car OF 3 U185 0 Olis Lo 10 9 Wb 0 D95 (S35 DI b Glodk (i 95 (nl Wigh oo BAIAT (i
39 9 Wdilbi oo 313 sbowt EPS 153 4ol o 41 .0903 0oliiu! (cpinisl) 9 0l mé J998 Sl Cagar OT b oud sl 57 ols 31 9
milio (193 9 (Kod I ouds diS-Law oyt 9 I yId Fod laa 4 hlod EPS 153 EPS (1 58 1 ciiud 3 F OT (pod
N oliiw! WU (ikihe WS & pb 15 colw by piol Giod 30 Al oo oF (SIS Cunglio (51518 § bl 03 10395
gt 4o O S sl 4 5 515wy S350 SK0R 0 5 OT A 9 (5oLid cwglin 1 (EPS g 53 13158 80k § pabewod9d
T .l ol b VY- kg/m® 95 2 bW Sz b 4l JK> 9 +/F G9) p LS Sz b a4l (W/ICM)  loww
oyt S ALY Curbg dgug oy NilgT 0 EPS (g 53 13158 85k § (pudewsod90 3 Olo poid (Sodliinl 457 a3 o0 O ol ey
3 o e i 0 Sl (ST g ok plod Cund (F90 Dlilo3T  0gMle Buion cpl 30 .Ogd oy (5 L0 Ceglie ial381 Casly
20 13152 88L0 § kw0390 3l 03lawl b dx 51 457 cdd o0 UL (GOLaBl (v p g lS Sl 0ud dwlome LS Sz b 31 <

B18 Sl BIYEY B o 15 (6oLid Cunglin 59 o9 b 03195 o0 Lol by o il 1 7Y+ 17T o plod o EPS oy

od (S 3LiS Canglio ( KR ol 319 BOLo ¢ ywdiw 0393 (O bl (b i 5 1 SIS (S0 19

raeesi @iaukhsh.ac.ir :J siws ooy 5

Vea/ £33 8slad cp2an Jlu ¢y Dlaios



©oles dal> gty dosen

3o b le 2T (glojle b ST 355 05l Lie
.;g@wuk&u&fu@&@wwgw\g)\f
OT (5l gl 5 Ave KOIMP 51 508 o055 ool JE
[¥] L .vMPat v MPa .

[7] 55 s s ¥ 4 A 5 (g0 g i 51 S 2
35 S slaglaSn Sl g5 o 3 1S 2 =)
g n o3lizal o ol

LS sl b 5 ol Sl 3t it (2 Y
5 3358 e bl Dla et )3 Gl SE
Gl b s, g0 Sl d o M il Sl b
03T (aS Sy 40 b g ok A 5 LY 3 150087 3l g0
S 133050 0353 L Ol or rioman 3 5 0 LS b gl
J.".;_f\j.:}_AA_:J}SbQTojUJ_:A{(:}:.‘.:ﬁ}}T):x.\;Jb&U
Al O S a3 5 o 3 S sl el lge
el Sl 5 sy 4 ae ol 658 e OT Olass
iy o Slispen (556 5 S i3 53 4
Do o bl Slanle o g5 ol 3 14l 5 Ok o Y

.Jbﬁ@

ol Trmmin O plw! (b SLadilo b e o0 -
(EPS)

L o s adls S ¢35 685 (PS) 0l L slals
Sl il e s (o KGIM3 6 KGIMP) ol J&S
S oy ot Sl 6 3 S lsn b glalas ) ez
Lyl 252 48 ) S 55 (5 yecky 23l ) [F]
Lte OT 5l 315515 0T Ol 55 0 50350l 4y 4l
(Expanded _Ll.st okl b glals Ko a 5[0] 550
350 s Poly Styrene (EPS))

Oyl (A odas (G0diS 5 ze e gs Olaztle Cnlo
o) Sl 45 5o )3 FYA O ae L (EPS) bl
Oyl s bl ol o3 g (635 Y1+ Jlu 5 J s
Global Business )GBIl gawus o wgod i
Wiyl blesl 0 gkl L 50kl L W (Intelligent
VE/A & oM Yoor Jlo 5o o5 O sabes VW5 oy V/F wYL

Rﬁ)‘j\-ﬁ-\_:%jhci.\_w‘cu\:_m)\"\' Jl—nﬂ)-’u—?d‘}—:l-:ﬂ

R 5 bl

dodo —
S5l o 53 J b po e 5 Ol b (5 lucSm
a3y | Gans S 3 aS ws Sley b
Ol b 55558 e 5 Cotlu jal OIS ol 5 Ols o g
G Gshe 53 4 o a3, 55 4 a5 bl 8 K15
sl 03 S 1y 5y Olesle Cais )3 o 9 e Sl eslizal
Bla 5l X (lightweight  Concrete) oS
Aol el 1y G5 sl Ll o S AL o g5 Slezt L
doas 2alS 1y Olezstle (o3 50 4L Ll oo &K o 51 enlizul
PR3 Db e s Olesst b (S Sl 55000 51 5
S5 O s 52 AN e 035 il S s S 2y
Lz 3l 6K 015 oo ) S o S0k @ bl S o
5 glas same 4 5,57 Hlaio Olazslw S 30 5 bae
Ot ot OSGl 5 o S 5 (g3l (5 6o S5
D] st e yls 1y Cato o 158 53 I S3le
S o S8 33 4 015 00 2,08 g 1) &K
e S ealizal 3 gad Sy Slojlu b K 1 5 (S0l
b laolas b Jie slacjle Colu 5o lojluw S
S s 4 b5 slaeile 5 3L e saailas b sla fy
a,o}:_,%tym;u@k\;wcﬁcws&@;atrs
Ot Sl &S i Il (15 55 0 5b 0
Gl Caslin Jilde sl e VA kGIM® 58 kg/m?®
G ad 5 bl s [Y] Wil s WY MPa glojle ¢S
oy loslw oSKw i 6lid Conglie Bl Laasl 00T
2 Sl p s B b el b iST po 550 Y- MPL
i b plss 5 (SULSe Dlasetin 4 015 oo Sl <K
053 40 Conglie S glo b S o T3 s pons
lge i 5 [¥] S e el o3l slasl s (g i
L T e S o 5 55 T (e g o
058 e Sl i ez 5 5 ST Ol ol slad 5o oS
ou&u&udqu}aﬁsz)>a;@olﬁ
I b 228

Olezst L (glojle L gl 53 glojle b &S ol ealinal
35 503 a5l Al 4 e Ll e oS e (slaylys ASle

055 SalS asamg Lojle poyls 3l 65,0 SoalS ams

£33 8yle ¢p2in Jlo o Slados /1Y 0



esSan 1318 b3ke g addiwos g3 56 )

‘)EPS&&JU&&:«—O}&‘ a&_@cs&'_ﬁ&j\ osleul
Sl SIS 01, Ken 5 Trussoni W] s sed (6 5led e
sMadandoust [Vf] A5 ges ) 1 EPS oS 1
e o2le Gy = L EPS @)l sl S5 o)L
[00] s 505 gy 2 sl o715 55 S

Ly oo ol 5s EPS glaasts jleslisul codas s 53
1¥] LS 5o 3 g

2 sl s ol s s S Hls S ol -
S Bl ey Sy p 4 e o 5 T8 s Ll e
535 oT (Segregation)

Cans opl & dzas (hydrophobic) ; $CT olys f Y
Olowwr D3 5 D3 (l e Snd Jlail sl 4 i
25

e gad 1yl 350 50 ol 5 Sl by 5 S ¥ Olais
(SBR) i e dsile sl Colise 15 3 3lizal -
s p T GlooliS J1m b (T (8 3] 05 sol [ V7]
IV] Jss

ST 3lpe b 5 gloond od 3ol O pll (51 oLzl -
Iy S il 3l g, gl ol 5 (hydrophilic) s
V] sl a1yl

5Ol S i i3l Cogr o 93 3l eslizal Y
Ve 5F] Okl b slagils

Ly Y53 oLl 5 ek 0335 Sl eslizal L35G Liu 5 Chen
3 S Slidos ol gl isls 513 gy 3550 7 2l 3
Jlal 55 5= b 51 s Coglan (s ho )3 VO ST i1 5
0P 5 3 e et 5 Olow w 5L s EPS clails o
Sy b 0355 Sl sl b St e 5 (SOLSG
[V 5 ¥] il ss¥s0

(ko393 Slostiul B (gu)p 2o gdle bl Guimi )3
Ol s 2alS g 53 ole Ol e 4 131 9m 53l 3l oslanul LS50
QL&Q}J):.:J;@J\JJWJJ::)}»EPSC_;\JSC},.M
odti oy EPS i ol 15l b5k 1 eslizul 4z i8
b S o 3 EPS o3 Faslis ol w a5 Ll
s 54t i EPS ez g 0B o 5525 s 0 losle

Slojlu ;b &K 2 (G35 = Gt ) S e 1) Bl (s

WY/ rg;;,w‘rmdmd;{outw

R 35 Il

Lol 3,513 513 dguammn cpl ol 53 pLsl sl s La 528
J )3 slay 528 A, b Ol jan om0l M55 sl Sler
dp g g3 gm Ol jo Ol 2l oS 2 e o Sl a5
BES 74N - A V. A W W SOU N TCIOM 9 1 [ PR
Jlo 55 55 Osadas YW/ 4 J gemes ol O e (o 53 (b
Ol 5 01l dnn 55 b &iln sl (gadlaie 5 L 51530 Y2 Y
S haslegmr SV w255 s 5 AL adls (g3 VY g
[5] e Laio 1) J e ) Sle 150 51K 0T

ool (813 5 03 5 K S 4 0 Lot O il s
Cxieo 53 (3L Gl )8 Do s Oyl > gl ile
aS i 3le 53D lajlps Sl o gate Ol
el 03 5 1o Ol e Slab

50550 ¢S s 4 (EPS) et bovcs 0 plaal L slasls
53 o3lil b oy 4 a8 8 5 8 5 Sl (e 03 1l
s |l 1y U Sl (sles 8 o b SC 2 b S5
s (e U o Sl s eslizul 3 50 EPS slawls [V]
Ll (ol Ly (i o Sl sl 350 J& 4
Lot 2313 5o JE s 4 EPS oK 55 e
)Jgfibuéubj)\f@)ﬁ@c@ﬂ)&)‘ﬁd%&b
P e L e
Caols 035 yls s & EPS &S .l 03 71 50
35 75 4 23 pslie Y Ol e 4 555 ol
[¥] 5,8 o )5 oalizal

Jlw o eSw o w5 3 EPS sl cgr Slidss
5L 00K Low g5 10w Ol i 4 OT 5l oslizal 5 (63Me YAVY
i S g (g3date Slidisw aa3 ¥ ol 55 [A] 35 8
5 OLLKea 5 BabU Jro s 51 o5 ol 0s pln
Gy s O plal (b O3 ge3lUl 36 ol s Mied
[8 V] Wlesls 513 uyp5,50 EPS cn SO Slasetn
sle Sl eslizul L35 TEO 5 Ling Babu oo uiises & 5
Sy fuS B 5 (63L puST (udeesgs Jio Vo)
350 EPS oS i SO Slainin 555 ) 8 2
Liu s Chen Juo cpdises 51 & [8-1Y] Wlosls 413wy
S o g2l S35 2 1) 63Y B U O Sl eslizl 3L

L 5 01, 5 Sadremomtazi [f] les gos o, » EPS



©oles dal> gty dosen

i i b glie 3 03l ol (o o e i o2 5 T
505057 Gob 51 e ool ol il J&s cosl5 slalis
By el (Ses o 5l e e sSae Sldas plowil 5 s
T sy ol ) 0l S 35 Gl

sl

i o 53 enlial 5550 O il Ly 5 (6145 5e5 ) S
Sesliawl b (A gaws) LYl 7 b A LMl = b V7 oy )
B sws) L3 = b A 5 IAKGM® I8 1o el
A a s sl YAKGIM® J& b o pll L 3l eslizal U
Sl S 0 OT S 655 2 A sty Dl -, b
03, 5) LY -, b F 53 s S s +/F L, (W/ICM)
S (CM) (Lekewos 33 5 Oloes) Sl 3150 ,ldie 5IAL
e 31 (A265,8) K5 bYesl 2 b F s 5 Yo kg/m®
For KM 1, (CM) (oo ss 5 Olas) _slases 3150

ol ol oalauwl

R 5 bl

LgLaCJ_lo ‘54_...%\.5.& 6“)_1 L;-.'.j"”' d-l‘ BL ] 0l ;J»S.a
Sl élﬁg— Sy b LgLaCJJo (S4ep J\§>_- « bl
el o s W kg/m®

B LT b 9 ¥

R BMS sz b 9 (S pan FHlas )Y

TV CF B8 Oda s Ok 5 0l Gl il 6
) 3 eslisal 35 g0 s 3 8 (65 paalsy Ciliies L5
O ST

355 L Olghs!l Oleww a0l 51T s il 3 Oleww -
YN o pabus

L 0l sl ok 3 (540,187 J gmames (SF) koo gs -
YNNY o gaden O3

L s Y/8Y Lo s—abs 0js s o0 MM ST aule ¥
L s[VA] ASTM C33 s, laslul (665 gdma 53 (gluasils
YIN o5 Jge

o sas 055 LW BASF &S i J pamen 1510 S3Le -F
A/ kg/m®

kg/m® sty S b =0 MM o Loie 0 kel L -0
oals OLas ) ST 55 0T 51 glas ses 4577V /0 ST o 5 Y4
el 0

ol S L L Y0 MM et bie O plial b =8
IV T Cde 5 A kg/im?®

Ls;;,—;dﬂb\dlio:ﬁ”wqaa-}:l{S;LMI;S@()Y

(A G3) YAKGIM® I8 b 0 sld S oalizad b oo ) 3 ok anstls L3est| glag b Slaseda - o

3 . . =z e -
e ol (KGMY) 2 sl g1 oolial 3 g el O e 5 S8 (MPa) )l o slis
- i
(A cazn) Ol | rbiwosss wle | okl L[ lspeste| T * NI o33, YA
(kg/m)

Al-1 o Y5 A/ VEY vy \/FD VAV
A1-2 21 ) Y5 A/ VE WA Wi Y/$5
Al-3 va- ¥s. \E/5 v Y VoV VA Y/¥
Al-4 o ) Y5 \E/8 v VA Y YV Y/VE
A2-1 oo V4. W8 V9 vV WY VA
A2-2 v5 f V4. W8 V9 Yo VY Y/ov
A2-3 oo V4. VE/) A V9 V- VIV /YO
A2-4 v5 f V4. VE/) A V9 vV Y/VE /VY

r}:;)wgvlmgjbﬂéhfb@u:iaﬁ/\\*



esSan 1318 b3ke g addiwos g3 56 )

O il b Gails Oo pezn Ol jas ins g0 JoSKi5 abimes 3
o 9 ke L LSL“CJ]’ ol b LM LgLaCJJp 33
3 S ks VY KG/M® 5500 I8 55, s 5

3le A (ASs g 131 sm 3le (gl &S b L;LACJL 33
L i J15 55 0 gl (LY o8 0 8 a5 (o) b 115
e (LYt slaz ;b ol 55 ol 6355 o Sl 1sa
D3 Bt slag b 51 maS 0kl by sl O3 e
Sl 53 ooliiul 3) s mllias O3 jae Ol L35 15150 5L
Wl 0k S Y ) gl 55 Caliies L3 (gla b

R 35 Il

Sl e i O i U 5B s L3l L A
HBLey, ) r b f s s asla/F o, (W/ICM)
3% KGM® 1, (CM) (edos 3 5 Olae) Slass 3150
5 0lor) Slo sl 50 51 (B2 63 8) Kos Ll = L F 5

ol okt 03zl YO KGIM® 1, (CM) (ks 53
Oy ot b Y (bl slap b jles S a )
05 5 orkiro3 33 b L = 5 Y W3l 53l 5 ki
V5 155m 53 by ke g O3y B3] 2 b ) 515150 53l
Sz b 53 i sl 1l ga 63ke 5 erbusos g b b3l b
L o Slsmn T2 edn gy ucdiwesss (55l 48T (DM

(B ) Wkg/m? S b0 plal 3l eslinal b Guims cpl 5 odd aistlo LMl slam b Slasie Y Jgd

oAb seslas (KGIM®) o sl gl oabind 3 50 elluae Ol 0 JEs | (MPa) ol o lie

et . . A .
Olarwr | okimosss | awle | 0kl L[ 1lpa esle| T 5, | eisy YA

B as) (kg/ms)
B1-1 Yo . ¥or | VY . Ve | ovss /0 VO
B1-2 YV v Yo VY . Wweo | ovee L/00 YA
B1-3 Yo . o 4/+0 5 VY VeV Yy Y/¥Y
B1-4 YV v Yo 4.0 5 Ve |oveE \IAF Y/AV
B2-1 Yo . YAC | e . VF VAY VIV Y/¥
B2-2 ¥10 o YA W0 V| VA Y/ /T
B2-3 Yo . YA AIRY v Ve | VoA Y/Y v/5
B2-4 ¥10 o YA AIAY v VF %3 Y/VE Al

el bl glar b (g)lid Caglin 5 6 plb Sy o) 5

Wl ezl 6 5
5 gmn 53le 5 uokimno 3 s LY Lo b 5 )
235 (B2-1,B1-1 A1 AL-L byes! slaz L)
3 st o god oS5 080 550315 4 EPS (slaails kil
W3 g1 bl s = slaw (635 O plial by SLadils pad 53 53
3 S sm ¥ S 55 ABL o S Ml o s
35 55La 5 Lukewos 33 05 o an b o (g ol IS
Lot slaz ;b 55 48 (6,55 4S5l 0k 03l 0L
Lot slag b sl U [l 85la 5 eckwes 53 05k

slgs i OT G 5148 il nl 5 a5 BB inle3T

Y/ (}:S)L...:“,:.@JLM&QLL_LJ

ool Cawdd b 9 Olisko 3T 4ol y -Y-¥

S AL Curmsg 9 (SIS Cwglio (gwlol —)-Y-Y
LW sl b

Ol o8I 53 3 g g0 juSin Lo 55 LM slap b
¥ S s wtle b e Aol bl 1T oKl
Al o 0305 OLES ol at b o (g b IS 51 (6145 505
530N 5505V e 53 DS glam b (65 Lis Cayli
odes 1)l o T oy 5 Y 5 ) slitor 53 S, 85Il
Ceslin 2lajT a8 (glas pos g alb mhaw ¥ IS8 5

Lj g:,-w‘ ol oJ‘J QL&J Lg:;-w‘ ol r\-’u‘ QT S B4 Lg)L:e



oles dal> ‘w;)u\-w

e slaails ol e oplys adledsl s EPS cbagils 2
5 Y o Jl s Liu s Chen Clidss cs olge A5 e

oy uf.\..__m:- > (a3 93 1 o3lawl 45T ol osls OLES
¥ S s [F] dias e Sl Olerw oo o EPS

Q}A_fjml:_uc:jﬁl_geM@b&éﬁ&ﬁj‘&‘dﬁ

NG PRI R AR B P

w23l 09y

o epa

ity b

lgn 5 ok 0393

g Ll

ey Sl Olemw e 5 0L 21531 (W/ICM) e
SEPS (ot 0l Fus a5 ods 4zt EPS slawis

T dal g 5 g g 4 1l Ko
¢ mkeon 95 3l oslinal b 55 EPS 0 js Jgane o aslie Y

Al SR eolid e glae
5 ko393 L i bYWl Glag b ys a5 6 &S -y
5B1-2 A2-2 A1-2 Lozl slap ,b) 15l s 3k 05t

(255 G B 5 0kl (o (St 151 (B2-2

Lol az L Ll ‘_;LACJE O gl s s ol Jg.i-\' I

£33 5ol cpzin I oy Sliios / 1V F



esSan 1318 b3ke g addiwos g3 56 )

g Lol

olid o slan U;iuﬂ(\,,al,'lm‘u,g S aal IS

.JJJJ“ O34 & e 033y

3_ ____________________________________________________

25 +--nnee 8 R \VESS. o

CNEE il
NI \ #

\ ____________ \
15 - .

% \ :
NI \ i
BN B NB g
NI \ #

\ i \E:
ey § ‘o B § 2 .
BN E NE B

ﬁ 13198 a3ke b ﬂ 1lpa ke y edesangs by

18
Z-18
£-18

o
B
IS

T-Z9
£-Z89
v-z9g

350 YA lib Cwslis b 5IEPS - Lok Lgucjbéww_fp

Gl ga 3L leslial 51 53 aS Cul oml syl 3525 (3
5 i b 5 AL Ly 5 Kem ol W5 2 (gl g
}utgvf\;‘suwuﬁ@,&uaﬁ,nﬁch“@@
temwlin Obey s (Gl m 0w 9 s Hlosliinl Oy g0 3 o
G 5l ol e )l s s bakils (S sl (ol (JSKie

AsL o EPSTY. 2als” s

VO / 3 85l i o ¢ Slidos

Lwnsucy‘uuf;uu:_;w;g,yu_f
S L B slag b S o s 8 o 5,
B3 (53l oS DMl (slam b 55 b tips 1 L B
GGl 03,5 Iy 2alST O kil Ly ldds (s g 15158
D3 5 5l e3le b LY slap b 53 48T g 55 L5
B2- ,B1-3 A2-3 A1-3 Loksl slag b) erkwesss



3les ol (g5 doses

3 pten 5 DMl sl b ol ol 3 sl ol el

Sy
S (LMt gla b galS™ 5 i Ol e a7 ) sbolen -4
ol s taslb e o /F ol (WICM) Slew slse a0 OT
53 0 gl (T ez Olas Ol 5 SRI 31 DY glam b

LIS Sz b wise DT oz bl -¥-y-r

Blar g 2l m ST odr ol i i L
SlacMe 5 m b S Sl 3 aS sdlasois o slastla
S e O Ol Gz ol 3 el Ll 5 Sl
ISIRI QYWY 5,1kl j5 ods 51yl gy 4 LY sl b
b S o3Il V4]

Sl gai ¢ Kt g0 O Ol (5,5 05100 lesT il g
S g &S s o 4k Ve e (gl oSt S
o 3 U5 53,8 e 0B BMM i & OT (g5l
(V) gadal) 5l Jol palas b ste Lsd o 255 OT S
adaly ol 3 e dals S g 3l a6 OT Gy
e DT J515 55 038 515 5 g 500 0 Mgy
05 G 0SS I ey S5 o Mgy gy 05
4SSl g a ko o p g0 5l s S e Ag
Sgas i gs Oboj e Ty 55,8 o )15 T J=ls 5
e b e B F Y ol 5o i e 4l s
sl Tyl Mt b VP s sl (S e o s
3 g0 izl ) sb ol Ol 55 g0 el oy gl 53 5 L Ll
i I sl S JEa L0l Sl eslin] oS

Sbie i S T

Q)

R g5 sl

LgLACJ_lo) 51 o3be 9 diwosgs b bMus LgLaCJJp 33 =0
Sl ogde (B2-4 ,B1-4 A2-4 AL-4 Ly
St o 3l ol b slous ol 3L B S iy
JSE 53 m al g lay gy BB Slag bl b o
Ol 3l 85l g yudewosgn b astlo o sl 31 (6145 gud oY
RGO PR PR

83Le 5 ko3 Uy i i (S ki 5 (Ker s 4 -F
sdalio ;5 F i Y 5 Jslis 534S jshilen I35
g 83le 5 uademos s (golo i ()Lid Caaslie 358 oo
) 534S shilen sl e LS slaz b Lol 2t
So3le 5 pmkonnos 53 3 o3linul b 3 55 oo ol IS5 5 Il
o 3l Sleslial Sl 55 EPS o 515 55 151 n
Conslis (s g0 0 SAS Fr YO e, (CM)
a5 5 (LR8I0 L) TOF/A CIXPY 5 5 a0, YA s Lk
Soslial a5 ol 56 odias 0L ol 457 Al o L2l
313 ol Coaglin il Bl 55 151sm s5ke 5 edimos g
(53 135 gosla 3l oslisal Jyame 55 b 4y s STV
J_:bs\_iEPS&:_g):b\Mso.n Al s lid Caglas
3555 51 (6 i (SSan 3l o (5l sn (el S eslizal L 4yl
= P e Ul goala L o (6)lid Caslaa 1 SL o
FUSE 5 Y5 ) sl ya slusty ol 6dil o 13l sm (osle 05k
Aol r 2 phs

Olosms O jns B2 jAl Sawd LM L;l_acj_lo 33 -A
5l il alie L3 gl b OT 5 aule ¢ rbiosss
Ol Ty 055 Ol 53 lie L3t (glam b (sl L
o ean Lo 0 il b S DMt | s 4 0ls 5 e
oeia ¥ SCEs Y 5 ) sl 534S ) ghailes il e ol
Sws) jdes I L0l b o ol & glie (ol
i (B2 (gamas) S JEs b o s lis e slie 51 (AL
Soslial Sl 3 48 dias e LS aliwe ol bl e
Olaws o 4 ol Sl 2y J&o L0 ol Sy

b e Al 0 bl )3 (S 5 b e ]3I

£33 85le ¢p2in Jlo o Dlados /1 V9



(A kg/m® J&s b 0 gl Ly 5l eslizal ) A (gatms Dol slar b 53 (Koo ST oder g 5 ¥ s

Lol = b o les Al-1l  Al2 Al13 Al4 A21 A22 A23 A24

\#/Y Y/ O/ VY VO/A \Y/0 VF/4 VE/Y

Sase T Sl

OAKGM? J& b0 gl S oslizad 1) B (g3 LY (slaz b 55 Siige OT i o s -F Joor

Ll = b osle Bi1-1 Bl-2 B1-3 Bl4 B21 | B22 B23 B24

ARVAl VAN a/+v a/+v a/+v VAN

Sse T Sl

b1 sz b soladl owy g -F
CL«JC,.Q.;BLL;:L@*Q\J_]&JJ Ll Lgl.acjb G l2n Cog-
‘M’ﬁ*ﬁ“’“kw‘ckﬁ}‘%&ﬂﬁ&bé“w

23 o oS e n Cole Gl illae 2 gl 8 5

R e L S R S
5 ki35 3 oslitad 0335 o edaliaV 5% Jglr 3 & shilea
A (CM) lam slse <l 3 EPS oy 13 3 1lpa (sole
i S ot oS e o p SAS Frn YO

Hlan 1y ot 43 S a3 53 Ll elad o) (Stlons g
)J}})%swu‘jLM‘G\AC}&&)JOJL&:M‘JJ‘}A
93 a3 ol b o LSBTV S UY Y NN 5 el ok 0D st
Soslial U i (5L Canslin 55 457 g g8 BB 2l L d e b e g e o o e sl 4 25
libest sl Ulor ol s s 555 Glacad 5 Sl ok €1IY 5 ) Jylin 3 4 L
DM slar b ol s (e mllas IS a s -0 Ul

&&udiﬂe:UMbJ}acﬂ.\m

Olewr

s g3

awle

Opll A

U‘)’“ ool

(O 5) ¢ 5 AS o Cand v

O

q

[

\Weo

(A KGM®) JEa L & skl s 51 eslizal L) A do 5 Ldkes] AN Sl sl ol plas Cad —F g

ks (Ol g Sl58) o onSe a5 55 el 1S o ond S g ol ples S
Lo Oloss oo 93 dwle Oplel b 15152 05ls ;.;T (Ol g Hl5»)
Al-1 Yo/ as VY /- i Ve
A1-2 ¥1/0 W/ Y/TE vY/+ . VYY/YE
A1-3 Yo/ as W WA - Ve V/EF
Al-4 1/ Wb Y/vE OA/F /A - \YV/5F
A2-1 £l VY Ve /F - Y/
A2-2 ¥5/s Yo/ VA Ve/f - VAN
A2-3 £l VY N W5 - VAN
A2-4 Y/ Yo/e /Y oF/f \Y/% - VYV/VY

MY/ 3 85l i Jla ¢ i




3les ol (g5 doses

R g5 sl

OAKE/M® & b 0 il 51 o30inel ) B gaus B3estl 7 A St (51 0ok plad o -V gt

. (Olg J18) o e 0 & 55 llas SIS o Cnd Aok ples S
S - S e
L Olawr ochewes s wle Dbl | 3lsm eske o
(Ol g 5l5m)

B1-1 Yo/ . ¥/10 FO/YA . - YA/fY
B1-2 Y/ \O/+ ¥/\0 FO/YA . - . /fY
B1-3 ¥/ . ¥/10 oY Ve - Va/00
B1-4 Y/ \O/+ ¥/\0 Y5/Y AR - 41/00
B2-1 Yo/ ~ Y/6Y F¥/5 \ ] AY/NY
B2-2 /0 W/o Y/0Y ¥F/5 . - a8/ Y
B2-3 Yo/ . Y/o YO/5A /A - AD/N +
B2-4 /0 W/o Y/0Y YO/5A /A - a4/

R (Godkd (LJ@)&;L’L& Coaglia o l51gn (Gosle 5 uakewos g 51 Olojan (goslizul 36 -A Jgd

B2 Bl A2 Al Lol = b ges
o%/4 Y&Y/IV 48/A F£/0 (1) oled Cnglan ol 330
ARIA \i2A% ¥4 V\/Y (1) e plas Cnd 21530

a e g Ll oo GRIBUIY Y ST (sold plad s
Sl g 45 5505 Ol gt 5 5b pl 015 (o0 osaT Cosils 5
o3l (0 il Jy 3L e 4 a5 L lojle b S
Golid Caslin 5 g s BB 56 13em S5le 5 koo s )|

sl aal = EPS n g alb Canss

@'é)u@ 9 ,Kua"" -5
Ay oDl 33T o iils Lo 0 plonil syl

A s 1 Oy s it o ool o 4 et
(tEPS&djLiéwjﬁa)kﬁwﬂ\j\}a ;JBJM}&
.::;@ujl:).&jﬂiﬁ

&y -?

[1]. Hague M.N. Al-Khaiat H. Kayali O. “Strength
and durability of lightweight concrete”, Cement
& Concrete Composites 26 307-314. 2004.

[2]. Neville, AM.. “Properties of concrete”,
Prentice Hall, p. 844. 2000.

[3]. CIP36, *“Structural lightweight concrete,
Concrete in practice”, Natural Ready Mixed
Concrete Association (NRMCA), 2003.

[4]. Chen B., Liu J. “Properties of lightweight
expanded polystyrene concrete reinforced with

S5 om 9 4N -0

5 e ss jlaslinal SU ) p bl oo 1 s
Glojlw e &Sw o Kan 5 6,lid Cunglin  13ln o5k
S35 2 BOT JEs & L3l = 17 ) st s 45 EPS
Sz b Dlasie o L sl oy el s Ve kG/MS
LOT (655 2 ol plawil Gla s 2 5 SlisloST ol 5 LM
das e OLiS edeT oty sl ads SLIV G Jyli s
e o ey S i o053 93 51 o3linl o
oLid Canglie 5 iS5 Eeb O il b S5 5 Olac
03505 oS > 40 5 13l 9m Ssle 5l eslinal 5355 0 EPS
jkéﬁﬁszﬁa_gdﬁb_wl&QUSv_?o-
5 o33 3l oslizal ST e WS o e slie Olaseiie
Sk 33 30 o B3t oz b 53 Olojen ke 131 5m 3L
bl dal g g5lid Cuglis 5 o A Cand g 3 g o
il e asgie ¥ 5V Jolis 5 F 5 Y o s Al oo
S OLe b (gosliul 545 o odalie A Syt 534S, bilen
Caglie ¢y LM 6uCrb o3 lsmasla 5 yudiwesgs
Sl 3 cpltdas o SRIBIIYEYN b oo |y (gLt

£33 85le ¢p2in Jlo e Slados /1 VA



[13]. Sadrmomtazi A, Sobhan J., Mirgozar M.A.,
“Modeling compressive strength of EPS
lightweight concrete using regression, neural
network and ANFIS”, Construction and
Building Materials 42 205-216. 2013.

[14]. Trussoni M., Hays C.D., Zollo R.F,,
“Fracture properties of concrete containing
expanded polystyrene aggregate replacement”,
ACI Materials Journal 110 549-558. 2013.

[15]. Madandoust R., Ranjbar M.M., Mousavi
S.Y., “An investigation on the fresh properties
of self-compacted lightweight concrete
containing expanded polystyrene”,
Construction and Building Materials 25 3721—
3731. 2011.

[16]. Chen B., Liu J., “Mechanical properties of
polymer-modified concretes containing
expanded polystyrene beads”, Construction and
Building Materials 21 7-11. 2007.

[17]. Ravindrargjah R.S., Tuck A. J., “Properties of
hardened concrete containing treated expanded
polystyrene beads’”, Cement & Concrete
Composites 16 273-277. 1994.

[18]. ASTM C33-01, Standard specification for
concrete aggregate, Annual Book of ASTM
Standard; 04.02, 2003.

S S 0300l S 05037 i3s3 ikl dSIRI QYWY V4]
(o ol Dlalad sl (S ge 3 36 OT Sl
AYAS .J)‘: s_“J‘}”- ¢ cb‘ﬁ| bjl.,\.?b‘.‘.a‘ le.a OLA}LA

a/ £33 8slad cp2an Jlu ¢y Dlaios

steel fiber”, Cement and Concrete Research 34
1259-1263. 2004.

[5]. Babu D.S, Babu G.K., Tiong-Huan W.,
“Effect of polystyrene aggregate size on
strength and moisture migration characteristics
of lightweight concrete”, Cement & Concrete
Composites 28 520-527. 2006.

[6]. www.plastemart.com

[7]. Miled K., Sab K., Roy R. Le, “Particle size
effect on EPS lightweight concrete compressive
strength:  Experimental  investigation and
modeling”, Mechanics of Materials 39 222-
240. 2007.

[8]. Cook D.J. “Expanded polystyrene beads as
lightweight aggregate for concrete”, Precast
Concr. 4 691-693. 1973.

[9]. Babu D.S, babu K. G., Huan W. T. “Effect of
polystyrene aggregate size on strength and
moisture  migration  characteristics  of
lightweight concrete, Cement & Concrete
Composites, 28 520-527. 2006.

[10]. Babu K.G., Babu D.S., “Behavior of
lightweight expanded polystyrene concrete
containing silica fume”, Cement and Concrete
Research 33 755-762. 2003.

[11]. Li G., “Properties of high-volume fly ash
concrete incorporating nano-SI02”. Cement &
Concrete Research, 34 1043-9. 2004.

[12]. Ling I.H., Teo D.C.L., “Properties of EPS
RHA lightweight concrete bricks under
different curing conditions” Construction and
Building Materials, 25 3648-3655. 2011.



g Seblasl Abstract

Effect of Silica Fume (SF) and Air Entraining Agent (Aea) on Homogeneity,
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Abstract

EPS concrete is a type of lightweight concrete that can be produced by replacing the normal
aggregate with expanded polystyrene (EPS), either partially or fully, depending upon the
requirements of density. Expanded polystyrene (EPS) concrete is good energy-absorbing
material and is used in building as partition blocks and floor leveling. However, due to the light
weight of EPS beads and their hydrophobic surface, EPS concrete is prone to segregation during
casting, which results in poor workability, homogeneity and lower strength. The present study
was designed to investigate the effects of mix design parameters such as percentage of EPS
instead of aggregate, silica fume (SF), air entraining agent (AEA) on compressive strength and
homogeneity. In this research, 16 concrete mix designs with W/CM equal to 0.4 and density
about 770 kg/m® were made. The results of this research show that using silica fume and air
entraining agent can decrease segregation of EPS grains and improve bonding between EPS and
cement paste, so the concrete mixture will have more homogeneity and compressive strength. In
this research, production cost of mix designs was calculated. Economical investigation show
that although using SF and AEA in EPS concrete increases cost of concrete up to maximum
%20, it increases compressive strength even up to %262.

Keywords: Lightweight concrete; EPS; Silica Fume; Air entraining agent; Homogeneity
Compressive strength, Cost.
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