1PA G107 axio ATR] Jlw o) 0 slows Y 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE & g

Journal of Structural and

Construction Engineering
.o 2 u 9 o}u ! . ~" &
(293 — (sode)
g Sgmpale oo s

G5l g 6 jlaw ywAige

wWww.jsce.ir

o g ySoro g (SO U o Al Cullyo AiluSouw (9l (e (Swilo wlasuine

Fooliule (ol "7 Gliuw yubo Silos 55 (aize ) o 908 (ran ol T (59331 (eitpo (5 8L BT Lo yiacmo

Ol o8 e piils Dlgs ol o psidigeo g (18 0l SLZld e )] | il I ggzeiiils - )
Ol o8 o ity Do olKiils o psdigo g (8 0dSLiils ¢ yloliw! - T
el I sty s S o 5l i oAl yolid -F
O] o8 ity g olSiils | uskigen g (80U LGNS ¢ iy = F

US>

5 5 el 5 IS 4 S el tiadl 5o 315 U o83 oy SIS 52l 52 5,518 e el sl Lo 3o
G b ol Gieass 5 )l slais g nlS iy 15 o3 Yo 5 B3 S odlita] o5 ol A3l Jyase 52 ]
Jleoliw] 0] iagsy ol 0 Caol ol pad pdime 5T adde 0,50 Coleo G/ K 4 o Canny OSCis
LMz b £l jsbiio ol sl sl ois adlllas o 0 8L 0 4fuSKiw Glaie 4 LU G izeas g ey o
do,3 £ b oot 50 40 (hoyo B 5 Pl cubyo 8lil 4lalon calixoe glods,o Kl idi 5 wo,S oolaiw/
Gl bl 8,5 )18 )] 0,50 05, AF 5 TA LY S (slo diged (sl G (oS 5 (5)LiS Ceoglilo (59, o paiding 5o
Aols o b o (60 (iiS g ()L Ceoglio kg Ko g 3L S0 o il Cudyo 4ilifiw (g9l b code] Cawd 4
oy AF G 40 £8LL i AluKis do o T g ediws Koo oy £ g9l i (6 Lid Ceoglio diged laie 4 il lid
o) o, & Glio o LU i alaKiw doy0 i L a0 Wl o ioliS aoyo ) F ase 0 b deglio o
b ol Caglio 3L 5y s 3l 5 oy oIl Epipn ol 45 g el ey F e 0 el
sloosls iman 5 ilio o2 5 5/ ol Ly, b ol iz oligle;] ;1 ol el colyy o aes ol

ol 48,518 dglin 9,50 (LS pdiimo ol2 L]

S ) Wi il ¢ ciiclS Caoglito (()Lid Caogliio c pduwg ySom ( SBL 3L (00 (8L L wlaow (i tsuads wlals

tJbaz o awlbils :allio iyl
10.22065/jsce.2018.119220.1466 el= RO H RS IRY 6555 O
doi:
https://10.22065/jsce.2018.119220.1466 AR RVERVATA AR YRRVAYA \Yav/- 0N \Yav/- sy ARYZARYASS

e Gy 5 im0 | 2 o 57

Karimaei@srttu.edu | :Swg @Sl Cony




O 21 03l (quwigo (ool Jbeleolo

Mechanical Properties of Concrete with Silica Fume and
Coarse Recycled Aggregate Concrete

Aghabagheri, M. !, Arezoumandi, M. 2, Amoohosseini, A. !, Karimaei Tabarestani, M.>* and Alizadeh, H.#

1- M. Sc. Student of Shahab danesh University, Qom, Iran.
2- Assistant Professor of civil engineering, Shahab danesh University, Qom, Iran.
3- Assistant Professor of civil engineering, Shahid Rajaee Teacher Training University, Tehran, Iran.
4- Instructor of civil engineering, Shahab danesh University, Qom, Iran.

ABSTRACT ARTICLE INFO

Recently, there has been an increasing trend toward the use of sustainable Receive Date: 15 February 2018
materials. Sustainability helps the environment by reducing the Revise Date: 04 July 2018
consumption of non-renewable natural resources. Concrete — the second ~ Accept Date: 07 August 2018
most consumed material in the world after water — uses a significant
amount of non-renewable resources. As a result, an experimental

investigation was conducted to study the hardened properties of concrete Keywords:

constructed with 20% and 50% recycled concrete aggregate (RCA) ReCyC|90_| Concrete Aggregate
(coarse) as well as 6% silica fume. This experimental program consisted Conventional Concrete

of six mix designs. Experimental results showed that the compressive and Harde_ned Properties
tensile strength of concrete improve by using recycled concrete aggregate Experimental Study
(RCA) (coarse) and silica fume in the mix design. For example, the Decreasing environmental
compressive strength of concrete containing 6% silica fume and 20% hazards

recycled concrete aggregate at age of 56 days was 14% greater than

reference concrete mix, while with increasing percentage of recovered

concrete aggregate by 50%, this parameter increased by only 4% which

shows the inverse effect of increasing the amount of recovered concrete

aggregate on compressive strength. The hardened properties of concrete

were compared with the provisions of the international design codes

(U.S., Australia, Canada, Europe, and Japan) as well as a database of

conventional concrete. Results showed that the RCA has superior

hardened properties compared with the reference concrete mix.

All rights reserved to Iranian Society of Structural Engineering.

doi: 10.22065/jsce.2018.119220.1466

*Corresponding author: Mojtaba Karimaei Tabarestani
Email address: Karimaei@srttu.edu

{I\\4 1A G105 amio A ¥R Jlu o) o ylois <Y 0599 (ol g 0 jlu (wikign (id g 33 — Soks &) guid



O 21 03l (quwigo (ool Jbeleolo

ol s yo Slaitle wlas oyl 5l solaiu] ,ol_'é)\g)bﬂ oy ol Gl SliBle wlas (50 58 51 (S oje )
55 L VA0 Jlo jo a5 Jl 3 oads azd 5 IS 4y cilizes gloojles j0 5 adss T 1o 0yllee Yo 5l i Yoo F Jlo 0 oS am e
&S aited ol Jlos 4 laase g Lol IS 51 6 )l B ran (S0 5uS pen Jdo 4 [N ]cwl oads solal Lis jo o o o Ll

S 45 0Bl 5 ) dame Ll s 4 Slazls allas ol B oS pald 1) asld o] TS 5 ples ccuoslio 2al53l s opdle

sosliinl Gaizman 5 (Glorms Sl & by oo b (50L fuSE (s02,0) Y501 Slge 0938l 5 (G Kulx i cnl 5o la)(Seal, ]
el 009 3 slapletsle o 55 5l ol Sluls Slesle wllas

osle 5y 45 e} 35 00 03,5 IS & 05 yad st 53 o Sy Jaa Nizn ool 5y olpie & g3l ST
lply Solite Slasin oal Couw (50 old ;9 99d g0 48,5 )15 @y wilipy lorw b oS5 Sy Ojp0 @ Slorw Slge JoSoo
[Y]-wls oo jlme |y slasle slogyn 1o g0l yinS15 a0 )0 YO ,iSTas 5l solatl (ACH 318-14)S, yol oy anl ] i8S o ol oy
4 9 4Rl logw 4 S (3L 0ud plad Cuard vl (S10)lg g 00t WS seg sob 4 Jpamme (nl Al Jds 4 Lo j9aST s ]
IV Py U FURT'S WUSLIW) RV SR g 1t u>_slMT G olpl e as ol Veie 5l (S el 2l e ol 5 eslasl bl aen
a ool (sl 5 [PTodlicn Gurkimssd o3l adsi Gl 5o (Kol Gogd slao,sS 5 5y Sl (858 Jgame S Grplinsg S
[¥].0,0s Casllas ASTM C1240-11 o )aibias! L g Consl cnslin Jlon o532 50 o o0ko S5 lgie

alyo po aAlSlans slge o (JB sl g R ao)s 1al8 g pleres (650N polas ol oy o0 a4 Ceaglie il
(L e a3l 5 535 8IS 5 o a5 15 el Sl 3 5 ablse o5le () sllye | Sty ol
A o ek 5l 6T elr o ndided 4z BB als (Gl plp e b Ceglie (RIBL (G (8855 (s (S0 S
Rl o 5 lawr 539 3030 10 B0 S b Vgona sl Seon 33,5 g0 (502 JB10 &1 050 loondh Slge plo g lalilye
VYL 0]ogds so Hlommw

s ol e 4 el ISy Jpame 5 0dti st odas sk 4 Lo 9t s ol S Al 4 g b
Sk 5l b Sadpe a4 grhe olatdl [l e g 039 ke Gliew 9 Uil Al 50 )0 agi 4z b uliws Se
903,505 1) (G e pb a5 09b o0 by Can Lamne 50 5 g Lis pulipe (o dllyy, Slele Slals (5 e S0
Szl Oluls 1 eslainl by, Kal, 51 (S ormb molie Cudgaom 45 axgi b g 09d o0 b mlio 5l Cliloy iol8l oo o2
b ol jleolatul aSol ol 1)l Cuje 90 SB8L5L o 5l eolaiul cwl Sleislu jgal jo ailaSn flgie a4 8L 0 logas
Gl 1y 25, b dlse Sl 5550 b slaally ado aSiul g 5 was e 2alS | lagl i g Jom g el gly ile sloasse s
RER PN

Ll o aliSi dilise cloas,s il glbon SolSe Slasie s, 45 Slidss o [V F) Lule
O alaSow g9l oS sla o g walgs Jou8 LB csgase jo ol o (5,Llad Cuaglie 4 Conl 00,5 0 ST cosls plail aslocs o
S e 4y g 00y (6t 2l el clie 1) A plitws sl (Jsere aliSin gol> slagy Cumd 4 aies 285k
Wl Glowms 4 Ol G o ST a5 0ls (i Bdod (l lagm) p b Rl Cuglin T JLis 4 g el il gl coaS
oS 5l JolS job 4 (o 50 5185050k & aboo a8 o (Sl 5 (Supd Slaseine b Gl (8L5L o alaSen e
b glagm eizes aibioo (125 w03 YO B Y- o Jseme o & Cond ()] (55188 Cunglio 05 ooliisl ailocad o (8L3k o
o b glglin BB 885 5 o )Lid Cuoglie ol o oolitul bopy] yo (8Ll ok wlocad o alaSiw oS JIKwlySe O Cunglie
Ayl Jaexs

g e ol Aoty Ll o A g 45 5 3 pler el Syt 4 ek See ghe)® 5355
Glp i 50 ey S 5l eolatwl boas ols lis ser wladss jo [VOJ(Y -« Flpgllas aize e 1) i (SlSe Slasin

12A G107 axio ATR] Jlv o) 0 5lows ¥ 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE &) g 10A



O 21 03l (quwigo (ool Jbeleolo

3om a5 0gad ST 095 Olados bl [0 piored (g9 09d a8lSl 0 4 caiiS g, (558 (suuo,0 Wb cewlie cdll 4 Sltws
ols lis 09 wlados ;o [VPI(Y - VF) ol Giile 090 muless oy )0 Cangline iolidl vald puadiws ;S 5l oolazwl b 55, 0 oy
Ot (S O9b o0 Suaglie JalS Caep (il izren 9 5)Lid Canglie el cge 5o (SBLSL (o alaSiw l esliul a5
Egorme )O 5 odd ;iaS «5)lid Caaglie falS (Jsare i b analie )0 lagyiy (nl dr Galews e 09938) D90 jo 4 eoly laS
Slasbesl cpl gl as ols plosil ba oy cpl (o2lS Conglin (59, » 3 (Slinle)] izmen (59 .Cowl 0ol sdalive (5;Lid Cooglio iul38l
PS5 5)lad Suaglie S & Rl (nl Lol a8 oo lag 28l (8L5L (5 alaSiin (55l slagrt (285 Cueglite ax STl Las
VY g0 kg 5o (509381 (90 (Jgere ailaSin sl 4 (Z8L5L o ailaSiw oy Vv (L3l D g0 10 45 55k 4 el
B ol Bl 5 A 5l 2 DS 3 by e 33 1+ 5D (53958 Ll 453l 8IS 25 Cnglin 2o
S sl sy 2 a5 Slisle;l 0w DIVIY V)6l Kby 0,6 cans 4y oiS Coglia [0 2 S g alde @l
Canslin Loy a3 o 235l Syt & s Som 523 Vo 3938l b o5 23,5 ams ols ol 283l o5y K
el a8l 158l as 0 FY 51 e 5 i o) et Caglie (yioren b oo Giuli8l do ;0 VO gas jo (g L
5 o3l Slazslo Sl (YU bl (rizmad g ol 19557 10 (ralonss Sn (092 (o yimsd 5> & a3 b Sl Befond o
Ol ks Soo g allocidyo ailaSis plgie ar (3L3L G 5l (oS ead I e s 55 50 L] llads il
alides (pbizes allislos] sloosls Grizman 9 Lo 55, lao Jaibial ululy @mls 5 9d 423,515 4 2 oy 55 Glow 230>

By 13 oy g Sou 090 g odd duglie
Lo losT 4ol -

8l 5l oy Aol (b Al el Giolej] Alas Jsl al e j0 ol bl al> e g0 0 aRiasle;l Gadizs oy
LSl z5b £ 58 pgd al>yo )0 d astine aliends 5 (Sojd Slaseine i pel lag)] Slastivn g GBSl Gurkiws S 5 lowns
10 (g5lw oolal ;) cpglic

NC odowg oo w8l § b slaailaSin b vals diges )

SF Ladons ;S 00,0 £ L ol jadr  sando slaailaSoin b dalls diges Y

RC20 ki g, oo w3 ailocs o 28650 dlae (035l o0 Ve L diges Y

RC20S  pudisg,Soo 2o ;0 # L ol jors allocijo 280650 mllas 03Kl do o Ve L asgas F

RC50S ol g ;S0 8L ailocalsyo 8L 50 adlas 20350l aoj0 00 L diges O

RC508 iy, S duo )0 # L ol pon ailoccds o 28650 adlas (055l o 0 B0 L diges &
lo a2 g adgs [VA] ACH 211.1-91 o Jaibw] bl yiandie Ve o XY e v olal 4 lailginl dges YY LM #,b 0 5l p
23,5 518 byl 050 (Sl lasiie
owlbo;l alae -Y-)

J?LA)O L?&) u)ﬁ.oaéajé...é‘) ULW suLm.tLo)" &3)....: )l J..ﬁ RO PR djl)‘ \ Jab\} B U] @L...o...uﬁ é}]‘ﬁ uL»AM‘\SOQ?J[

14] ASTM C150-11 s,luilis] 3ok londs ¥ o yane ailipy £55 51 elinlesl ol 4o onds snlizal lapes 10ybosw

! 00 RO EK.JLM.AJLQ)‘

n 1PA G107 amio ATR] Jlw o) 0 slows ¥ 0,98 (o lu 9 0 3w (qwiigo (g 3 — (0IE & g



O 21 03l (quwigo (ool Jbeleolo

ol el ad leww I Gaeys il Sase G0938l g Sligbes! RELEPT IR NP VO S RV PSR R PSL- |
30 g dud quo)’l 3 U8 &S cl oo adgs [F] ASTM C1240-11 o, laslewl bl s ol ! )L.ﬂj)s slo 65 o Gudiwy Ko

oo g S 5 Olos aleend 5 (T8 Slaasede 1) Jy

Somd g Dobeosd OS5 o by s

SiO2 \S avs
AL203 fIY \IY
Fe203 \A -1a
CaO $YIA <10
SOs Yy <IN
MgO VY \
Na203 -If Y
K20 N \
LOi Y/Y _
(KQ/M®) (ogasna 5 RS Yy
(cm?/g) ool YA -

S eadee VA JVEIVO (o ailo b b cailoc jo 56 50 Lialesl ol [0 ooltul 050 (camb ailaSiiw 1 crab dilaSiw

el S ey eSS YV e T JBs g ke VA ond soliiuwl (pd dm 555 el o8 z,Ug ore (ReS ALuSh g4

ol 0091 ok FIVO L </V0 oy Al b o8 0 olod famse 5l slailBog, ancd ale ool oolasu] ailoSiws aloyy ) 5B o

b Al s dils il Sy p S S YYPY ] JBs 5 pendie IV ool colaiwl aules a0 5 5 oS 5 cpl
ol 0l ¥ Jgaz 50 olosds 3 (Ko pud Slaseie a5 Cool [Y+] ASTM C29-11 o lasbiwl oleol 5 o0 ool

WS Gwd Dygeo 4y A5 Cewl o8 0l o L5L¢zsoLi;;;_lLo)‘'I Olals 5l oads ags wlae opl tailocdl s £8L 3L mllas

Y g 5ol (Wlocis o 5B) crmdb oS Slastin 5 ganaily 5 gdaie Jol5 Hob 4 85k mlas ol (ganails .ol ould
ool oals &l 8L 5L pdlas Olasie

Sl drwgs 8,0 Cale OMeS,S (L gg 5l pole iz Slislej] jo ol eolaiwl eaisS s, pl roaddS lgy
o d.d)f)‘).‘) oolaw! o)ygu)bM@T)lS L}dLA‘))dSMlJGA ULA.L».»J
ol 0397 o8 e 1S gl O 5 Slaglesl opl 5o solitul 8,50 of ool

il S5 Olasein ¥ gl

(MM) 6l s 2Slas (kg/m®) e mhaw b glesl JIS> N U CER SR L SO %
£V YESY AR b anls

14 YV - ¥ wrwb o

14 A4 £y U

LYW g )b —¥-Y

5 LS glag b i ¥ gaz asl 039 [VA] ACH 211191 bl gollas 3aios ol 5 Ltalejl 90 s slobodizsl # b
el 00 solazwl o..\....Sulj)).‘\ )‘ )in) ‘_gl.hu.u wy.wl aQ u....l...wj)i».a 63[} (_gl.éu.u w)l.w‘ U"'\'“" &n\)).w

12A G107 axio ATR] Jlv o) 0 5lows ¥ 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE &) g \7e



O 21 03l (quwigo (ool Jbeleolo

PR G 53 oy P b Y i

859

. A A A ale Olsy i
Pyt eedb Shibos o P s oo L ol
035 oy (mm) (Kg.m®)  (Kg.m?3) T s (Kg.m®)  (Kg.md) (Kg.md)
3 (Kg.m?)  (Kg.m°)
(Kg.m’)
YYos A\ . 5q. VoY . . v £Y0 NC \
YYEY 0 . SAV Vovy “IA 112 v.q f.. SE v
YYEO \YY "y OFA Vo8 . . Yy £Y0 RC20 ¥
YYYs YA YTy 0¥ Veay A 12 YYY f-. RC20s i
TYYa A- Tya v Veyy . . YYY fYo RC50 o
YYYa Mo YV Yy Ve A vs YY) f-. RC50s 2

acliiyes] ) S Cenglie 5 [V)] ASTM C39-11 aulivysdl 5l (g ,lid aogliio Lolis 0¥ Jgaz cglayis oSlSie olauiton cypass g
ax,0 YO slos 10 5005 yiaudio Vo o XY e v slal b slailginl g55 51 iulosl 050 (sladiges .ol 0 soliwl [YY] ASTM C496-11
b ol dmbgo o ladigas alolidl 5 ond 5 celio YF 5l iy o il sl slaedlb .ol ond plovl il Slibee o Saiile
50 el 0l Sl 5, 0F g YA Y LaaS g (g )lid Cunglin yiolesl (sl iyt cpw ol 00 (555 Joe ol Kutlos a0 YT gles

ab b8 18 ks ol 4t lgie 4 s GaSle g ab 485 i 50 diges d Sialejl ya slp g e 0

‘S)Lwé wgl&n —‘—‘"

O ooled 50 gz e R b anlie o (UL (b alaSw Glls slag 65Led Cuaglie gl oo alaxdle | SA )3 oS 45eSiles
ailoe 83l o WSt doys Yo ol a5 RC20 i 0gdce siaS ciuaglio LialS ol Jlae copms Lil3dl b 4l o s als
O yl> a5 RCS0 0 waoyo ¥ g ) oF (5 lis Coglio pals slyls iy 059, OF 9 YA Y o )0 &z e i b awglis (o
wdls 5 lad Cuglie 2alS woyo ¥ odgua G lBIL (IS job 4 gz e i b aalie jo Bl (BLL (b wlaSiw v )s
YE V8 Ve iy 4 59, 08 g YA Y i 10 a e 0 b aslin 10 cnl iy )i 0o j0 & (g9l> a5 SF (1 iz o]
5L o St 0oys Vo g e Sae 0o ¥ S 5 (g5l 45 55 RC20S 2 sl il (o,Lid Conglivo Ligldl ooy
GRIBIL 59, OF 9 YA s 50 aSle 50 009 (0,0 T (g,Le8 Canglite 2alS 1S 59, ¥ 50 @z e i b dmlie o
WloSs 2oy B g g ;S o0 F S 5 (g9l a5 RCB0S (1 5 sl 00l azlge ao 0 VF o VY le 4 (6,Lid Caglis

ol ALBLS (65Li8 Canglie al Bl 00,0 ¥ g ALY oS5 59, OF 5 YA LY (i 50 a e G bl jo el (28056
0olidl sl o )s A 5 ¥ VY Canglin LialS 35, OF 5 YA oV Cyaias )0 a5 45 45 oy odalino SF L RC20S 1% dusliin ;5 (yeizeod
Sl 00l odalie o0 V8 5 VF Y Cglie ralS 59, 0F o YA Y i 0 oS5 4 o2 SF L RC50s 0 aslae jo 4 ol
i A o Glabgle 04b oo alaxMo oy Cawl oals 0ol (LS Y USS p0 kg Sie sls slapy (g Lad Cglane
S 1y 15 e S 5 ez e R Jolae Loy (eglie Consl il (555l Jas olo 93 4 B 51 g e mbinsg Km0 0 £ (gl
S RPIIRN SICSCN: NI INC SR NCHN P SUVS JNRVEEONEICE [ SONU ST X JRNIE
Ozl yer (2STy 5l ol loca b auglie )0 a5 ols Cond (Ygja Sl b plon (23Rl 4 Glgion |y Glowms (2350l Sl3e
Ly o g)lid Cooglie SV 959 STy 51 (LU &ljane el SIS J5 JeSiad Judo a0 VL i o (Jg el lo 55 5 (g S

el 03ld ialp8l a e i 5 i b

\l4} 1A G105 amio A ¥R Jlu o) o ylois <Y 0599 (ol g 0 jlu (wikign (id g 33 — Soks &) guid



O 21 03l (quwigo (ool Jbeleolo

S 5 el sl go o el Dl g 00l oS Hlar gemlyone 51 AL el S 95000 b ks S (S 5k
Syt Jad 3 pedSannS g e Sn sladlinn S adlioe G eaans LS5 IS JAISS alS g Sueglie Bl (Lol Jule
Pl & (oglie slizl @ 1) ol oS a9 000 s (Vg0 GRiSTy Coti s Sion 457 095 00 Cunglivo (tal8l wile jpas 5 S

SV B vA B8

60

(JSily B} g 5138 Cangli

10

Vi
V7

NE

50 SF RC20s RCS50s
Lys! gl b

qn A

60
50 |
4 40
3
Ei 30 }
5 -a-SF
\g, 20 —+-RC20s
J -e-RC50s
2 10
0 L L 1 L L
0 10 20 30 40 50 60

39
ey Sor glls slag b L cwplie 1Y JSS
S Coglio —Y-Y

YIS 50 59, 0F 5 YA Y i 50 caliee diges dw (53, » [VY] ASTM C496-11 o lailiw! (lul py cieisS Coaglin iolejl gl
O 0 A8 (6 ek Sl 039y (6 s Cuglie iy wald e (I LINC L acslie ;o SF 0 ol cpl (wlol ol oals ools ol
ao, V8 B NC L aslio ;0 RCE0 5 RC20 slaiyis (pizmed .Gl 0dpwy b yo B0 5l oo 4y il Cawglae BB 59, OF
LSF L i cpl (oiiS Cuglae S| .l (5508 oaiS Cwglan lyls SF L avslin ;o 55 RC208 (0 .)ls (g in Canglie
30 RCB0s puzan .ol 00wy duo 0 VY sga a4y OS] (il 55, OF (s )0 a5 (gb 4 Conl oads Slss oo o iols8l

Syl palice oiiS Cwglas SF L anslas

12A G107 axio ATR] Jlv o) 0 5lows ¥ 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE &) g \7Y



O 21 03l (quwigo (ool Jbeleolo

s Y 855, YA 33, OF

(Il (50 cilusS Canglie
w

RC20 RC50 SF RC20s RC50s

L ‘5Lhcjb ‘;:..:S c,.a;LLe Y JSJ
ize waolim T bulgy b duw lio —)-Y-¥

S8 auslie 0,40 cilie slaaslopnl 5l Jol> kS Ceoglie ol Awle polas b o> gadod Sliolel 5l Jol> s alol o
oo al)] iiS Coaglie pnd S aslinnl ol )0 solatul 5,50 Lalg, ol ot 4 (s 3550 loasli ST T Joax 10 0,5
Glp iy A ead plol alin 1l Jol> mls coles jo abl g i o2lS Cunglie fot g (5,Lid Cooglio Fo Jou cpl jo ol
Jolo mls Ls a5 09l (o (aseion L S0 cpl 4 g5 bl ool oolo Lis # 9 0 F sl S 10 059, 0F g YA LV i sladiges
2,0 A0 399> (5l opls el pST T 5o g el W15 alablore oo plol liolejl (slacols auoyo Voo (gl LNl asl T 5|
oy OF sgaz b asl ST gl Slislesl slasols s s YO 5l G fized ail oo a5 alable aislej] slaosls

ol &l S abadlons 55T asl T (sl Wrools wuoys YF 5 sloslos ety Modlin Cygmmsl yd asliysl (sl Laools

S Cn gl Aslous (gl ilitue glasl ol daily, b J g

abal o Lot aba] asbiopm] o et

m f,=056(f)" [Y¥](ACI363) IS, o] \

™ f, =03 (f)° [va]EC2)Ls, Y

™) f,=04(f)° [1#1(AS360)L - v

f) fct =0.23 ( fc’)2/3 [YY]ASCE) 15 f
f'—8 23 CEB-FIP) ¢l ol o1 I g ygnnl 0

® ft:1.56[ c ] (CEBFIDS ok o Hl 0ot 0l

¢ [¥A]
) f, =0.59 (fc')o"r’ [Ya](AASHTO)szs] s
) f, =1+0.05 f/ [+-1(NEN6722)a.l 5 y

\7Y 1A G105 amio A ¥R Jlu o) o ylois <Y 0599 (ol g 0 jlu (wikign (id g 33 — Soks &) guid



O 21 0 by (qwiigo !

Jleolo

(1Sl 8e) ot Cenglic

L~
- DATA7 — —ACI318
- -.= EC20 —AS
C ,..-l . oo JSCE - - -CEB-FIP
/, — - AASHTO ~ ----- NEN6722
10 20 30 40 50 80

(Juls 50) 5 Lk Cangliin

s LaslonT bosa, V ladiged g5 » Slalesl b anlio it JS3

5

(Sl Ky oS Caoglie
w

-

i - DATA28 — —ACI318
- --- EC20 —AS

FL7 e JSCE - - -CEB-FIP
f — - AASHTO ----- NEN6722
0 20 30 40 50

(JBeuly £0) 5 ,La8 Cenglio

60

e Saasl 5T Lo, YA (lads yas w,ﬁg;@uj@u alie 0 S

(ISl o) ks roglio

6

L DATA56 ——ACI318
L- --- EC20 —AS
..... - o JSCE - - -CEB-FIP
— . AASHTO ----- NEN6722
10 20 30 40 50 80
(JSalyl50) 5L oo

e Saasl 5T Lo, 07 (lads yas wMQL:.iuj@u i S

o o1y daglgy b Ay o —V-Y-Y

asliie 350 alizee oo SVolae 5l ol 288 Craglie sud dslos pyolie b ol giow clislejl 5l Lols gl (i ol 4o

50 w0 plodl Slawle wlal sl ool &SIl ol Gaasg o colatwl 050 Galize oy SYolae £ Jou> )0 0,5 o0 I8

12A G107 axio ATR] Jlv o) 0 5lows ¥ 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE &) g

\#f



O 21 03l (quwigo (ool Jbeleolo

Slaole;l 51 sael Casdy ol 9gi oo odalice S cpl 1o a5 jghilen ool a8 5 |18 anlio 5,50 (O Jgax)libzs 5| Sy
Oy Az 50 g 0yl 18 Calisee e 1 oauds olgiias Lalg, 5l sael Cavs ar slacl sogame ;0 59, Ve 0 GuBizs ] 40 al ple!
abayl, Laid b o iol38l ciiS Cglie g ool i golpiin Luly, mls 5l ekl slessls alols wiS o log (ial8l o

Sl &115" alidls aosls dusyo Voo (gly 59, OF s ;0 OLOKUN

@;Su}&wwélﬁhd:;udﬁ .!a.bJZi J}.\»

A.Ja.gl) a)Lo.i'a 4.]44‘ G e)Lo..f;
*) f, =0.209(f,)*" [*\] AKAZAWA \
@) f, =0.185(f/)""™ [¥¥] CARNEIRO Y
09 f, =0.206 (f,)** [*+] OLOKUN v
on f, =0.272(f/)"" [¥f] CARINO f
on f, =0.313(f/)* [¥8] GARDNER 5
) =0.46 (f/)** [*$] AHMAD 5
09 =0.55(f/)* [¥V] HUESTE v
) fct =0.65(f,)" [¥A] DINAKAR A

6
451
5.0
3 T o
§ 2 F.- "/ ----- AKAZAWA - CARNEIRO
J —:-CARINO  --- AHMAD
5 = — —GARDNER ——OLOKUN
- ---HUESTE  —-- DINAKAR

0 , - DATA7

10 20 30 40 50 60

mwawééw h‘})b@)})VéLﬁM}N 6})JJULL{.LA)I@tJ 4....._:&» VJ&J:

6

ig 5

3,

1,

Y

3 9 b LT e CARNEIRO
— .-CARINO --- AHMAD

5, — —GARDNER ——OLOKUN
---HUESTE — .- DINAKAR

i . .+ DATA28 .
10 20 30 40 % ”

(Jls (50) g Lk eoglie

M%&;M Lty Loys,y YA slad gl ng)ﬂol..i:il.aj@l:; dslis :/\J.(.J:

\74 1A G105 amio A ¥R Jlu o) o ylois <Y 0599 (ol g 0 jlu (wikign (id g 33 — Soks &) guid



O 21 0 by (qwiigo !

Jleolo

(Il 50 kS Canglico

7
6
5
4 -
3 -
o b DT e AWA e CARNEIRO
______ —--CARINO -+ - AHMAD

B — —GARDNER —— OLOKUN

- --HUESTE — - DINAKAR

- DATA 56
0 : ' ' ‘
10 20 30 40 %0 %0

(JSls K0 5, Lid Canglio

e e (g3lgt Lalss b osss 0T slaisad 555 » lileil bt alie A S

Oy, Cyiizn 2K o] (GLoodls b duglio —F-Y-Y

o a8 Sladlas 5l Jol> guls ogul) ciiS Caglia slaosls SSb 1, Gubizs ol laiolesl 5l Jol> ol VY 5 Ve sla S
(o3t gam 5 )6 k! sla o 5l soliiwl b aosls SGb auo,0 A0 s3gaze ¢ (Best Fit) aigy las a8 o dslio [YA]( Jgore
2 g Ko 8B slayn  iiS Caglie bt .l 00l muw s [F+] MiNitabl7 (o Ll 1581e 5 5l oolawl b besls cpl (s,
0 ooguazme S 51 SYL eding e (g9l slacyin 5l ol il 51 olass Jg ol 18 aigy las Glbl g ao,0 A0 oogusxe
Srane 05 31 i (Gl S U i) e San (5o (sl S anglin o i ol cal s L5 s

[ra]ciline a&LesT gloosls 51 Jool aigy bt b i Sn 05 Gz b il amlis ) IS

[ra]ciline Aa ol (slaosls 5 fole gy Bt U ko s Son b slaz b il avlie 1)) JSCa

B

6

(6]

w

-

S

N
T

SYEs ooly «DATA 7
5 | « DATA 28 « DATA 56 —
3 s
2}
10 20 30 40 50 60

(J15ls [K0) 5 5L englie

Yl ools
« DATA 28

+DATA 7
+ DATA 56

10

30 40 50 60
(J&ab’&o)‘s)m s}w,lj.o

REIg

12A G107 axio ATR] Jlv o) 0 5lows ¥ 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE &) g

\##



O 21 03l (quwigo (ool Jbeleolo

S5 azus -

Slaass CuL.s oy Oz Lo plxe gladsl Q.:BT L odwl Cewd 4 C-’L‘-’ dsldo g 00l ,olqu‘l QLJ;;"L@)"T 4> b
el Cowd 4 ) s oo ploil Calizes

20,0 VO 5l i B (Jgone (50 4 S (5)L28 Cunglie 38l crge (Voim olo> oo 4 50 & el See 039381 )
am3 o 38l 0 yd B0 5l i B 1, L2iS Cengli g 4bls LEAS Canglie s (6 pSadiz il asle ol iz el o0

ol g ansla iy (Sl (plet p o3k el ST as)s B0 B i 4 alls cutps 8Lk Al (Rl Y
Dg oo 0ddlie doyo Vel e

O b amlie jo lapn (nl Cuslie ySedar (Rl crge (8L3L G wlaSiw Gl Glagm 4 Gualews See 0933l Y
Lol do, 3 Vel piaS (Sle Slaseive BWS 55 eadows S slylo 5 b aslie ;0 9 00l Jgoe

9 $)Lad Cuoglie (Jgare i 4y Somad (g See 00,0 7 b oljen (BLL (0 Al (Rl w3 B0 5 Ve L ¥
sl 03] Cuwd &y i S g ply (S2AS

rgas 3 derge S SIS OlFiee Lk G Al o3 00 B s slacyt 4 kg See o3 o 0gRl L0
355 S (Jgene G & S S0 B (S g 00,5 Db ) (Sl Slasis als

3l Sl

5 Omel O gl Gl L C8 L degerme slataslas 5 LW I 1) 093 ST g ol Cilye muily oo o3 el o
PR R J PRV PV -

&=y

[1] World Business Council for Sustainable Development, (2009), Journal of The cement sustainability initiative.

[2] ACI Committee 318-14, (2014), Building Code Requirements for Structural Concrete and Commentary.

[3] Siddique, R. and Igbal Khan, M., (2011), Supplementary Cementing Materials, Engineering Materials, Springer-
Verlag Berlin Heidelberg.

[4] ASTM C1240 -11, (2011), Standard Specification for Use of Silica Fume for Use as a Mineral Admixture in Hydraulic-
Cement Concrete, Mortar, and Grout.

[5] Babu, K.G. and Prakash, P.V.S., (1995), Efficiency of silica fume in concrete, Cement and concrete Research, 25(6),
1273-1283.

[6] Sellevold, E.J. and Redjy, F.F., (1983), Condensed silica fume (microsilica) in concrete: water demand and strength
development, , ACI SP-79, pp. 677-694, In: Malhotra, V.M. (ed.) The Use of Fly Ash, Silica Fume, Slag and Other
Mineral By-Products in Concrete.

[7]1 Rao, G.A., (2003), Investigations on the performance of silica fume-incorporated cement pastes and mortars, Cement
and concrete Research, 33(11), 1765-1770.

[8] Wild, S., Sabir, B. B., and Khatib, J. M., (1995), Factors influencing strength development of concrete containing silica
fume, Cement and concrete Research, 25(7),1567-1580.

[9] Hooton, R. D., (1993), Influence of silica fume replacement of cement on physical properties and resistance to sulphate
attack freezing and thawing, and alkali-silica reactivity, ACI Material Journal, 90(2), 143-152.

[10] Gonen, T. and Yazicioglu, S., (2007), The influence of mineral admixtures on the short and long-term performance of
concrete, Journal of Building Environment, 42: 3080-3085.

[11]lgarashi, S. I., Kawamura, A., and Watanabe, M., (2005), Evaluation of capillary pore size characteristics in high-
strength concrete at early ages”, Cement and concrete Research, 513-519.

[12] Perraton, D., Aitcin; P.C. and Vezina, D., (1988), Permeability of silica fume concretes, ACI Special Publications, SP-
108, 63-84.

[13]Berke, N. S., (1989), Resistance of micro-silica concrete to steel corrosion, erosion and chemical attack, ACI Special
Publications, SP 114, 861-886.

\rY 1A G105 amio A ¥R Jlu o) o ylois <Y 0599 (ol g 0 jlu (wikign (id g 33 — Soks &) guid



O 21 03l (quwigo (ool Jbeleolo

[14]Chandra, S., (2004), Implications of using recycled construction and demolition waste as aggregate in concrete, Session
lead paper, International Conference on Sustainable Waste Management and Recycling, Kingston University, London.

[15] Mazloom, M., Ramezanianpour, A. and Brooks, J.J, (2004), Effect of silica fume on mechanical properties of high-
strength concrete”, Cement and Concrete Composites, 26(4), 347-357.

[16] Manish S. and Sanjay G., (2016), Strength and Permeability of Recycled Aggregate Concrete Containing Silica Fumes,
International Journal of Innovative Research in Science, Engineering and Technology, 5(10), 17675- 17682.

[17]Ramalinga, C. P, Abhilash, N. and Harika, B., (2017), Study on Mechanical Properties of Recycled Aggregate Concrete
with Silica Fume as Partial Replacement of Cement, International Journal of Engineering Technology Science and
Research, 4(10), 1202-1210.

[18] ACI Committee 211, (1991), Guide for selecting proportions for high-strength concrete with Portland cement and fly
ash. ACI226.4R, ACI Materials Journal.

[19]ASTM C150-11, (2011), Standard Specification for Portland Cement.

[20]ASTM C29-11, (2011), Standard Specification for Bulk Density (“Unit Weight”) and Voids in Aggregate.

[21]ASTM C39-11, (2011), Standard Specification for Compressive Strength of Cylindrical Concrete Specimens.

[22] ASTM C496-11, (2011), Standard Specification for Splitting Tensile Strength of Cylindrical Concrete Specimens.

OIRE 40 58 eknag Sn )18 (el s Jlios « 0L Cuoglio b 5 ((VYVE)eg cp3 lilas, [V 7]

[24] ACI Committee 363, (1992), State of the art report on high-strength concrete, American Concrete Institute, ACI363-R,
Farmington Hills (Michigan).

[25] BS EN 206-1, (2001), Concrete, Specification, performance, production and conformity.

[26] AS 3600-2009, (2009), Concrete structures, standard by Standards Australia.

[27]1JSCE Guidelines for Concrete, (2007), Standard Specifications for concrete structures, No 16, Japan Society of Civil
Engineers.

[28] CEB-FIP, (1990), High-strength concrete state of the art report, London, Thomas Telford.

[29] AASHTO, (2006), Interim bridge design specifications and commentary, American Association of Highway and
Transportation Officials (AASHTO), Washington (DC).

[30]NEN 6722, (2000), Regulations concrete, Construction (VBU 1988), with correction sheet.

[31] Akazawa, T. (1953), Tension test method for concrete, Bull. No. 16, International Association of Testing and Research
Laboratories for Materials and Structures.

[32] Carneiro FLLB and Barcellos A, (1953), Concrete tensile strength, Bull. No. 13, International Associate of Testing and
Research Laboratories for Materials and Structures.

[33]Olokun F, (1991), Prediction of concrete tensile strength from its compressive strength: an evaluation of existing
relations for normal weight concrete, ACI Material Journal, 88(3), 302—-309.

[34] Carino, N. J and Lew, H. S, (1982), Re-examination of the relation between splitting tensile and compressive strength
of normal weight concrete, ACI Material Journal, 79(3), 214-2109.

[35] Gardner, N. J, (1990), Relationship of the punching shear capacity of reinforced concrete slabs with concrete strength,
ACI Structural Journal, 87(1), 66-71.

[36]Ahmad, S. H and Shah, S. P., (1985), Structural properties of high strength concrete and its implications for precast
prestressed concrete, PCI Journal, 30(6), 92-119.

[37]Hueste M., Chompreda, P., Trejo, D., Cline, D. and Keating, P., (2004), Mechanical properties of high-strength
concrete for prestressed members, ACI Structural Journal, 101(4), 457—65.

[38] Dinakar, P., Babu, K., and Santhanam, M., Mechanical properties of high-volume fly ash self-compacting concrete
mixtures, Structural Concrete, 9(2), 109-116.

[39] Takafumi N., (2007), Database  for  Mechanical Properties  of  Concrete, http://bme.t.u-
tokyo.ac.jp/researches/detail/concreteDB/index.html.

[40] Minitab, Incorporation, Minitab 17 Statistical Software [Computer software].

12A G107 axio ATR] Jlv o) 0 5lows ¥ 0,98 (o lu 9 0 3w (qwiigo (i g 3 — (0IE &) g 17A



