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ABSTRACT: The main purpose of this study is to investigate the possibility of constructing Review History:
environmentally friendly concrete. To achieve this purpose, the concrete waste was recycled and reused  Received: Feb. 13, 2020
Revised: Jun. 20, 2020
ordinary Portland cement (OPC) manufacturing process, OPC was replaced with ground granulated blast ~ Accepted: Jul. 22, 2020
furnace slag (GGBFS). Therefore, this study was investigated the mixing designs by 0, 50 and 100%  Available Online: Aug. 21, 2020
natural aggregates (NA) replaced with recycled concrete aggregates (RCA) and 0, 15, and 30% OPC
with GGBFS. In addition, the mixing designs were reinforced with 0, 0.5, and 1% hooked-end steel fiber.
In total, this study was investigated 27 different mix designs containing RCA, GGBFS, and steel fibers.

in constructing concrete. On the other hand, due to the high volume of environmental pollutants in the
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were performed on specimens. The results showed that using RCA and GGBFS had a negative effect on
the workability and compressive strength of concrete. Finally, by economic analysis and optimization of
mixing designs, it was concluded that it is justified in terms of resistance and economy to use RCA as a
replacement for NA to 50% and the use of GGBFS as a replacement for OPC to 30%. Furthermore, the
results showed that the weakness of using RCA and GGBFS can be compensated by adding steel fibers.

Optimization

1. INTRODUCTION

Given the increasing trend of using concrete, in the
future, there will certainly be a shortage of mineral resources
to produce natural aggregates (NA) for concrete production.
Therefore, looking for a suitable replacement for NA is
necessary [1-2]. On the other hand, since every structure has
a limited service life, the destruction of the old structures and
production of new ones are required. Due to the irreversibility
of the concrete, waste disposal is done by burying or stacking.
Both methods cause environmental and ecosystem changes in
addition to transportation costs [3]. One of the ways to solve
environmental problems caused by concrete waste isto recycle
and reuse them [1]. The benefits of recycling concrete include
reducing the use of NA, reducing the area of concrete disposal
areas, reducing truck traffic, and reducing transportation
costs [4]. On the other hand, cement production is associated
with environmental pollution. About 7% of the annual CO,
production comes from the cement production process, the
reduction of which is a global concern [5]. Researchers are
currently working to address this problem by using mineral
slag as a replacement for ordinary Portland cement (OPC)
used in concrete [6-7]. On the other hand, the use of mineral
additives modifies some of the concrete properties including
rheological and mechanical properties [8]. The by-product
of the steel production process [ground granulated blast
furnace slag (GGBFS)] has been used in civil engineering
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projects for decades. GGBFS is obtained by rapidly cooling
iron slag in water [9]. Many studies have been conducted to
investigate the effect of GGBFS on concrete mixtures. These
studies have shown that slag concrete has higher mechanical
properties than conventional concrete [10-11].

The purpose of this research was to investigate the effect
of using recycled concrete aggregate (RCA) as a replacement
for NA as well as the effect of using GGBFS as a replacement
for the OPC. Moreover, the effect of hooked-end steel fibers
on the behavior of recycled concrete was investigated.
The results of this research can be effective in the more
development of environmentally friendly concrete.

2. METHODOLOGY
2.1. Mix designs

27 different mix designs (See Table 1) were used to
produce the specimens. The mix designs include replacement
of 0, 50, and 100% NA with RCA, replacement of 0, 15,
and 30% OPC with GGBFS, and the use of 0, 0.5, and 1%
hooked-end steel fibers. Various tests were performed on
specimens such as slump, ultrasonic pulse velocity (UPV),
water absorption, compressive strength, splitting tensile
strength, and flexural strength.

2.2. Test procedure
To investigate the effect of RCA, GGBFS, and steel
fibers on concrete workability, the slump test was performed
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Table 1. Mix proportions

Binder Coarse aggregates Fine aggregates Water SP Steel

Mix ID kg kg kg fiber

ix (®/m2) (®/m2) (Ba) (kg ) (k) g

Cement GGBFS  Natural Recycled Natural Recycled m m ( / m3)
R0-GO-FO 456 0 973 0 717 0 182.4 0 0
R0-GO-F0.5 453.7 0 968.1 0 713.4 0 181.5 0 39.25
RO-GO-F1 4514 0 963.2 0 709.8 0 180.6 0 78.5
R0-G15-F0 3874 61.7 975.7 0 719.1 0 179.6 0 0
RO-G15-F0.5 385.5 614 970.8 0 715.5 0 178.8 0 39.25
R0O-G15-F1 383.6 61.1 965.9 0 711.9 0 178 0 78.5
R0-G30-F0 319 123.5 979.9 0 721.6 0 177 0 0
R0-G30-F0.5 3174 122.9 975 0 718 0 176.1 0 39.25
R0-G30-F1 3158 1223 970.1 0 714.4 0 175.2 0 78.5
R50-GO-FO 456 0 486.5 482.5 3585 336.5 182.4 1.14 0
R50-G0-F0.5 453.7 0 484.1 480.1 356.7 334.8 181.5 1.13 39.25
R50-GO-F1 451.4 0 481.6 477.7 3549 333.1 180.6 1.13 78.5
R50-G15-F0 3874 61.7 487.9 484 359.6 3375 179.6 1.12 0
R50-G15-F0.5 385.5 614 485.4 481.6 357.8 3358 178.8 1.12 39.25
R50-G15-F1 383.6 61.1 483 479.2 356 334.1 178 1.11 78.5
R50-G30-F0 319 123.5 490 486.1 360.8 339 177 1.11 0
R50-G30-F0.5 3174 122.9 487.5 483.7 359 3373 176.1 1.10 39.25
R50-G30-F1 315.8 122.3 485.1 4813 3572 335.6 175.2 1.10 78.5
R100-GO-FO 456 0 0 965 0 672.9 182.4 2.28 0
R100-GO-F0.5 453.7 0 0 960.2 0 669.5 181.5 2.27 39.25
R100-GO-F1 4514 0 0 9554 0 666.1 180.6 2.26 78.5
R100-G15-F0 3874 61.7 0 967.9 0 674.9 179.6 2.25 0
R100-G15-

F0.5 385.5 61.4 0 963.1 0 671.5 178.8 2.24 39.25
R100-G15-F1 383.6 61.1 0 958.3 0 668.1 178 222 78.5
R100-G30-F0 319 123.5 0 9722 0 677.9 177 2.21 0
Rl(;O()—EBO- 3174 122.9 0 967.4 0 674.5 176.1 2.20 39.25
R100-G30-F1 3158 122.3 0 962.6 0 671.1 175.2 2.19 78.5

under ASTM C143 [12]. The UPV test was carried out by
direct method (i.e., placing the converter on both sides of the
specimen) on cubic specimens with 100 mm sides. Using Eq.
(1), the pulse velocity has been calculated.

V=

L
- Q)
t

Where V' denotes the pulse velocity in terms of km/sec, L
is the length or the space between the two transducers in mm,
and 7 is the pulse transit time in psec. The water absorption
test was performed on cubic specimens with 100 mm sides in
accordance with ASTM C642 [13]. The test was performed in
half-hour (primary) and 72-hour (ultimate) water absorption.
Based on ASTM C39 [14], the compressive strength test was
performed on cubic specimens, with the loading rate being 0.3
MPa/s. The test used a digital compression testing machine
with a capacity of 1000 kN. The test managed to determine
the maximum compressive force tolerated by the specimen.
For thelsalculation of compressive strength, Eq. (2) was used.
o.=— (2)

A

Where, 0, P, and 4 are the compressive strength, the
maximum compressive force tolerated by the specimen, and
the cross-sectional area of the specimen (100 X 100 mm),
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respectively. Based on ASTM C496 [15], a splitting tensile
strength test was conducted on cylindrical specimens having
a diameter of 100 mm and a height of 200 mm at a loading
rate of 0.05 MPa/s. Splitting tensile strength computations
were based on Eq. (3).

2P

o, =——— 3
" n.L.D ®
Where O, , P, D, and L are the splitting tensile strength,
applied force, the cylindrical specimen diameter (100 mm),
and the cylindrical specimen length (200 mm), respectively.
Based on ASTM C1609 [16], the TPB (three-point bending)
test was conducted. A load cell with a 100 kN capacity was
used to measure the applied force. For the computation of
flexural strength of beams Eq. (4) was used.

3FL

o, =—— “)
T 2bd?
Where O, F, L, and b are the flexural strength, the
applied force, the span length, the beam width and the beam
height, respectively.
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3. RESULTS AND DISCUSSION

By the increasing amount of replacement of NA with
RCA, increasing water absorption and decreasing concrete
workability were observed. Adding steel fibers to concrete
also increased water absorption and decreased workability.
Replacing the OPC with the GGBFS also reduced concrete
workability. In addition, the results of the UPV test showed
a negative effect of RCA and steel fibers on concrete quality,
but the GGBFS reduced the water absorption due to its filling
structure and increased the UPV in the concrete.

The results of the compressive strength test showed the
negative effect of the RCA and GGBFS on the compressive
strength of concrete. The addition of 0.5% and 1% steel
fibers increased and decreased the compressive strength,
respectively. Therefore, the compressive strength of
specimens containing 0.5% steel fibers increased, and
compressive strength containing 1% steel fibers decreased
compared to the control specimen.

The combination of the NA and RCA increased the
splitting tensile strength of concrete. The most desirable result
was obtained in the splitting tensile strength test of specimens
containing an equal combination of the NA and RCA. The
splitting tensile strength of the specimens containing the
GGBFS was approximately equal to that of the OPC. The
addition of steel fibers also significantly increased splitting
tensile strength by bridging the splitting tensile cracks.

The results of the flexural strength test showed that using
the combination of the NA and RCA was more useful than
using them alone. Specimens containing 50% NA and 50%
RCA showed the best flexural strength. The use of GGBFS
also reduced flexural strength. The decrease in flexural
strength created in exchange for replacing OPC with GGBFS
was more significant in the mix designs containing RCA than
in the mix designs containing NA. The specimens without
fiber, including the specimens containing NA, RCA, and their
combination are exhibited low flexural strength. The addition
of steel fibers greatly increased the flexural strength of these
specimens.

4. CONCLUSION

The results showed that using the RCA and GGBFS had
insignificant negative effects on some concrete properties
such as workability and compressive strength. On the other
hand, the reuse of concrete waste and GGBFS can help
conserve natural resources and prevent the accumulation of
concrete waste and the production of environmental pollution.
Moreover, the optimization procedure revealed that using the
RCA as a replacement for NA by up to 50% and using the
GGBEFS as a replacement for OPC by up to 30% is justified,
in terms of high mechanical properties, as well as low cost. In
addition, the results of this study showed that the weakness
related to the use of RCA and GGBFS can be compensated by
the addition of steel fibers.

753

REFERENCES

[1] Rao, K.N. Jha, S. Misra, Use of aggregates from recycled
construction and demolition waste in concrete,
Conservation and Recycling, 50 (2007) 71-91.

[2] S. Nagataki, A. Gokce, T. Saeki, M. Hisada, Assessment of
recycling process induced damage sensitivity of recycled
concrete aggregates, cement and concrete research, 34(6)
(2004) 965-971.

[3] E. Vazqnez, M. Bara, the influence of retained moisture
in aggregates from recycling on the properties of new
hardened concrete, Waste management, 16 (3) (1996)
113-117.

[4] A. Katz, Properties of concrete made with recycled
aggregate from partially hydrated old concrete, Cement
and concrete research, 33 (2003)703-711.

[5] K. Celik, M.D. Jackson, M. Mancio, C. Meral, A.H. Emwas,
PK.Mehta, P].M. Monteiro, High-volume natural volcanic
pozzolan and limestone powder as partial replacements
for portland cement in self-compacting and sustainable
concrete, Cement and concrete composites, 45 (2014)
136-147.

[6] R. Yu, P. Spiesz, H.J.H. Brouwers, Development of an eco-
friendly Ultra- High Performance Concrete (UHPC) with
efficient cement and mineral admixtures uses, Cement
and Concrete Composites, 55 (2015) 383-394.

[7] H.T. Le, H.M. Ludwig, Effect of rice husk ash and other
mineral admixtures on properties of self-compacting high
performance concrete, Materials & Design, 89 (2016) 156
- 166.

[8] M.I. Khan, R. Siddique, Utilization of silica fume in
concrete: Review of durability properties, Resources,
Conservation and Recycling, 57 (2011) 30-35.

[9] H. Qasrawi, E. Shalabi, I. Asi, Use of low cao unprocessed
steel slag in concrete as fine aggregate, Construction and
Building Material, 23 (2009) 1118-1125.

[10] S.E. Chidiac, D.K. Panser, Evolution of mechanical
properties of concrete containing ground granulated blast
furnace slag and effects on the scaling resistance test at 28
days, Cement and Concrete Research, 30 (2008) 63-71.

[11] A. Bouikni, R.N. Swamy, A. Bali, Durability properties
of concrete containing 50% and 65% slag, Construction
and Building Material, 23 (2009) 2836-2845.

[12] ASTM C 143/C 143M-15a (2015). “Standard Test
Method for Slump of Hydraulic-Cement Concrete”

[13] ASTM C 642-13 (2013). “Standard Test Method for
Density, Absorption, and Voids in Hardened Concrete”

[14] ASTM C 39/C 39M-03 (2003). “Standard Test Method
for Compressive Strength of Cylindrical Concrete
Specimens.”

[15] ASTM C 496/C 496M-11 (2011). “Standard Test
Method for Splitting Tensile Strength of Cylindrical
Concrete Specimens.”

[16] ASTM C1609 / C1609M-19 (2019). “Standard Test
Method for Flexural Performance of Fiber-Reinforced
Concrete (Using Beam with Third-Point Loading)”



A. H. Sahraei Moghadam et al., Amirkabir J. Civil Eng., 53(8) (2021) 751-754, DOI: 10.22060/ceej.2020.17920.6712

HOW TO CITE THIS ARTICLE

A. H. Sahraei Moghadam, F. Omidinasab, S. Moazami Goodarzi, Assessment of
Mechanical Properties of Environmentally Friendly Concrete with Emphasis on
Selection of Optimal Mix Designs in Terms of Resistance and Economy , Amirkabir

J. Civil Eng., 53(8) (2021) 751-754.

DOI: 10.22060/ceej.2020.17920.6712

754




785 310l (1308 (wkigen &g uli

FEYY B YFY o 0F o Jlo h o)lad OF 0,93 €38 sl (lyos soobitgo 4 il
DOI: 10.22060/ceej.2020.17920.6712

L 59Ys8 SLII L ouds b 9 Cunnr j bnzmo U 555l (sl yiy (Silo liasidio (o)
o9l 9 golaidl dugy LMW 7 b il ausT

6})0; Go.la.u oduzw ¢ *WA.S 6~’-°‘ QS‘)"Js sr:dju @‘;M u*'-*’)—“"

Olpl bl e b olBails ( waige g (8 0aSisls

1609ls s b
VWWAANVYY eél o
YA s Sl
VAR ) by

VYRR BT T

(euadls wlols

G35 gl el Sy b L 55l lags S le GGl (s Beiod (nl 5o Geliome (Lol Bas tauadls
3Vl e sloyl 4 azgi b )b 5l i el oy cle 4 base § cdlsl i el wban oy
G225 nl 53 ol pls 0l 035l GGBFS 65 b ool ¢l ecyloas 9gs w13 50 (Jaorocions; sla Sagl]
baalls a3l 5l Jol> slaalafion L NA) b laailaKiw Z) + 570+ oo 3%l b glabdis] &b
odle .28,5 )18 s 09,50 GGBFS o)l s b (OPC)  Jgome 0l py losas duoj3 Y+ 3710 o+ 9 (RCA)

LY 2, YV (55, » garme 10 0ol ghue My 90 50¥g8 BLIIZY 5 /0% Jiv b lalodusl )b ool 5

850 oy
GGBFS

plul b colys o o)l ake 56 i 6,)Lad Ceglie b s, » GGBES g RCA 5l oolal aS ols jlis gl

UNA (550 olsie 4 RCA 5loolitl a5 o a8 )5 ames o bdus 7 )b s 40 obaigs alol 5 goladl 3061
o)y odle .l pdsa>gi goladl g eglie Llsd 5174Y e 5OPC (55l lsie 4y GGBFS jl esliiul 470+
ol oz B (0¥ g8 BLII 10938 L GGBFS g RCA 3l oolainl 3l Jol> cans a5 ols sl golis

Vs LI

bag

slplasle o2 JLis 4 Hrizes s bailaln oy
ez bAV] sg o adgy (o Alss ol e e ¢ gog08
Bl L b b 3l o] leallis ds o ooy pivbianas
o sloanza pogdle j9Sde B9y 99 8 008 o el oS
ool D] 085 o T 5 oy s sl o 5
sl cole jo s gl eolaiul a5 cul S50 40
50 b glie B 4 (o2 sladllss 2al5 p odle o
(GGBFS?) s¥s8 oy anlp il> Jyame [f] s S5
D55 oo 8 ool 550 Slias sojgn Ho aS cl Jlo oo
wlge Sy ol 4o T o)l gy 3,5 0 51 (GGBES
bl o ,ls, s GGBES b s, 5 ol oldlas [o]

2 Ground granulated blast furnace slag

doddlo -
33005 b b oany] 53 ooyt 5l gl 35, esliciul & 4z b
g glp NAD b loailiSin 4y Cyz Gone gl
Glr b Rl 8L plple 00 el axlee
b D a0 S5 4 900 NA) b laalaSis
Sk Ve ) s aYle V] Meyer by o ols )l
Jlade cnl adgs slp oS 0gd oo Brae g oy Dl 0 o
ol & Sk I8 5 B /A iy a bag Sl o o
sl Wy, 4 azg bbb el 5l 0yse ST 5 ailaSs
Co> b b 89S Bl Gle g cabe jo i 5l eolail

1 Natural aggregate
omidinasab.f@lu.ac.ir :olslSe lsongs samyys ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie () .ol 00 00ld 108 ol ol8ils ol )Ll s 126 3si> g B oian g5 0 (uilio (358>
Auileyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode .ol 5l uilucd cpl bz gl sl 48,5 )18 Loy o 2,0 BY NG

YEeY



FEVY B YFF docin VFr e Jlo A oyloud Y 095 ¢S ol (ol pos susio 4yl

3 o 4l slags (KolSe Slogad 5 ol )0 skt
o7 RCA N T g T oo Jalts alises LS| #,b YV
Al gy Vg3 BLIINVL g < /0% T g GGBES Y7 4 V0
ool Jed 5l egiie Slislejl oud aisle sladigas 55,
o plodl (s g (S o(,La8 Ceaglie ol Dl (Siigusl 2yl
Sy 4z 2 (ganwgs Gll) )0 Sl oo el (nl s

g @3ly Fhe e daee b )55l

G plxil 96 =Y
CoPS Grred g (S slaojle jes Codgaoe 4 axgi L
575 0y 5 Olisb o il ol panl belse S s ag]
03,51 8929 4 s Lo sl 1) g0l ML o slaalb
oSl olee 4 balbs ol 5l sase eolitul 5 Cl3L ool
OMie o g oodle (i cSle o b sbalaSl
laojgn plxl o golaill srddio coge amelun;
Slealls giss ol ,0 s e 4 [NF] 055 o 5 Sljes
i Bl ot Sl o daza eoliul sy 5 5 slaer S
olyons laomeien; slaSogll sbul b plaws oy 50 |
Lgrye aldls sods (CO,) S aST 63 2V sgam Cul
Sz Al ol 225 & aibige lamw W5 an1 @
Olsie 4 oyl 5l soliiul b oliime yol> Jb> o [V0] ol
5 DY g vl sl e Jane opl @8, Jlis 4 OPC (55>
L oslizul 5,50 OPC 5l sty 5800 JSie 6, sl e 3ebons (]
3lecn! g ogdle a5l (GGBES) (5508 a1 6,65 6L
et ol cos bl o5 o Sles 5 (SoSs (i cand blis
3 s 5 b Bl 5l sslitul VAl sl o slay o
oot DAL silige S50 o s 5 (e Canglie a3l
sl lgie 4 RCA 5leolaiwl pogdle Gubms ol j0 o ol
w98 s3¥48 BLI 5 OPC 550> leie & GGBES § NA
ol Sl slsi e 5l ool (2 (08 s y3 B
Obeyed (o) p & WlEor uien aline S)lpe & S oS
B 5l ooliiul Crimmed 5 Sl 5 b balaKn Bis
L Gutos cpl jo ool poogdle 0gas o Ll o ol o (g0Ye8

5 53Ul syt 3 oolitl Caniie e (tinte b, 2 &)

L oaslin ;o oyl i aS ools las wladoy (pl el ool
L] sl s posthas Sl Sleogas sl Jgers oy
Sl 3imn 5 orrb SO (5 55 )8, 4 4 b B ,b
wd )5 IR e a2 95 3550 G Sleys 9 (SHe elsS Sone
AU (50 oolitul 8,90 SbBUI o slae 51 IY] el
oo Slalllae 41338 ans 4w Jsb o [A] ailowe oV
O Slps 5 Sl Lol spp pe s3¥gh SLI b s,
Sl oo 3Ysd B ¢ L Sligios s gllae ol o lox
Sonte ) (5 sl p Canglie 9 (S ol> ez BB s @
osn 4 D] e 5 Ajdukiewicz « i o [a] wusy
laallss 5l 28l 5k claailaSin b ons asly oy SolKo Lolys
Caglin b olooyt Gubiss cpl o b,y RCAY o o
ml b bl colsl ol JSwblSe Ve b Fe g lid
S o 48,5 ases RCA L oo aslo sloyn g9, p Slioles]
O 6)lad Caglie o e BB st balaSin ol 5l solil
oyl ol N ol 5es 5 Afroughsabet .culs walyss
ULMJLO)." ﬁbu‘ l) M g_}"‘ 5 ..b«); = RCA l; oo axs-lu
&y GGBES L OPC 7Y+ 45l a5 ab (5155 st
Conglie ial33l cargo a8l S as olmy) oy (g Lt Cunglia 4o
Ol9ss Beiod (! S0 gl jlogdioe 8 5o (oA g (8IS
GGBES o)la‘).w )‘ solarwl )." 39 O A—J] ol 9 u.:‘)lf u,....a:lf 4
Ceslio VY] ol IKen s Bindiganavile . o ;o 0905 o,Lal
amalie mo L1y 63Y58 5 s penh LA ool slag sleye
©3Vsh Bl csl> slaaige 0 oamlive 3aizs ol o is,S
Srozh SUI sl sladigas 4y Sl (6 d (655 Ld il
olad 993 wliiss ,s 55 VY] o) Ken 5 Soruoshian .aes
S Sl R Sl pe Soglie (I B1 50 o0¥58 SLII ST sl
Able e Canglie iolisl o o1 51
RCA | solizul 30 oy i cpl o liize Bun
el olee & GGBES jl solawl g NA 55l olgie
6@.7.9- /\ 9 ’/a/ “Z )| u.u‘ » og)LC .053 U"" )L'Lé) )o OPC
Oyl oolaiul bS] #ib ogal phes jo (g0Ye8 LI

1 Recycled concrete aggregate
2 Ordinary Portland cement

YEeg



FEVY B YFF doxio VFr e Jlo A oyloud DY 095 ¢pusS pool () po i 4yl

o3liinl 3590 GGBFS g (o (2 brods 3 (S 58 Slooguas ) Jguz
Table 1. Properties of ordinary Portland cement and GGBFS

GGBFS  OPC ot Sleogas
TYIAY YA/ Sio,
VYAV \TAR Al 05
“IvE YIAA Fe,0;
Y/-$ V/oF MgO
- - [OY K,0
- /v Na,0
FIAY  PYYY CaO
- o) CsS
- YYIV C,S
- o/ C3A
- V1A C,AF
NG - CO;
Y - P,0;
GGBFS  OPC S d Slaogas
YIA ¥ (g/em®) ogasa o
YA - Yoo (cm?/g) Legpate zdaw

Olao 5 LraslaSiw lal a5 vg lsss @ o cSle >l

5 483 Y Soe 4 Sis Oyea (GGBES § OPC) so>
4 N Oyga L jse ST AR L iad byl juS
5 S 5 oilardl O b 0aliS s, 398 s 5 0 L] byl
P ST PRREIPUNT ST S PP NG JESRVISK I
Diad a8l oy bale o gu,ad a4 g B Al ey g0V
oo MM als 4 oS slraiged Jold ool aBle slaaises
Job a4 &y 0 Fe e mm gl )| 5 V0 mm Ll a4y slaslgal
oled il e A MM gl )l 5 #e MM 5 e XV mm
azse> 40 59, YA g0l lax B 5l el YT o 3l o ladigal
IR oales] cos aigad 555 YA e po wiad 5] Jes o

RECER

oolawl 0590 glan Oluogas -F
O godd S sbciend o g del Gl bailaX,

I 0o o )18, 50 i 1 ] Sloogas o5 anil

RCCOW-J EYHRLCIW ul.uo},a} 2 )0 e )...A‘)Lv 99 g_)—‘ ol 9

yeeo

alio Jgomo lapyin b g ol Seglin Hlas 5l o)k (ol

R PR W

2ol 4ol - ¥
allas -¥-

(OPC) ¥ s ol ploww uiizw ol slegiges <l o
ASTM C150 bl »» (GGBES) (a5 5l 065 ol
S g lerd Sleogas 285 15 eslitul 350 (Y]
1o 4531 @ 4395 bl ol V Jsus ,5 GGBES , OPC
o) VYE ol Ca%i02 s GGBFS lars Lolss
17 g 1N o) 1Y ALO, §i0, x5 (15 -1
ooliiasl B 5 50 ol conz 3 st 4y 00le ol il oo
b laalaSin Jols osliil 550 slaailain [TV el
SINA il o RCA) o slaadbs 5l oass bl ¢ NA)
233k )58 RCA wiloe SlwasS 3556 (03 5 anle g5
5 NA el cavs a4 (S0 S olfiws bawy o sloalss
oo (ganaly sove 2ol s Slss samails L RCA
1 0olil 5550 (0¥ s oLl sl o ools Lai ) S 4o
mm cwles 5 00 MM Jobo b OBy 50 g5 51 Godod
el 00l ¥ gz s go¥sd oLl logas ail o +/A
sl o ool 5LaS Y S 4o colital 5,00 gllas 3l oy
sl sl 55 s B Ol datiges el o ooliul 8,50
)5 b L (S 92,5 (2G93 5l o p0 S Sy,
A sslizwl Dezobuild 10

LMl & b -Y-Y
Geis cpl ldigad cole jo alize LMW #,b YV
el ae s Jels e aw bl 7 )bl jo ol el
S oo, s GGBES L OPC 45> asye RCA LNA
O 7 el i LS 7 pl o el atd) I goYe8
GGBEFS L OPC Y7 g \o% 7 g RCA LNA V--7 4
SLIZY g /0% oo L bS] &b (cpl pogdle ol 301>
3,90 sl 7 b Gl ol e OM jwgs (go¥gd

el 00T ¥ Jga ;o oolaxwl



TEVY U YF Y dorto AFe e Jlo A ojladds Y 093 pusS yuol ()l yos cwdins 4 i

ailoy - c4ilo culyo
/
80 !
2 / !
/
i 60 / /
3 / A
o /
gﬂ 40 / ;
/ '
/
20 7
/
7
O -— e
0.1 1 10 100
(mm) S ks

LailaSaw gusudils Seo ) JSCi
Fig. 1. Particle size distribution curves for aggregates
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Table 2. Properties of the steel fibers used
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Fig. 2. Picture of (a) recycled aggregate, (b) natural aggregate, (c) hooked-end steel fiber, and (d) GGBFS
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Table 3. Design of mixes
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Fig. 4. The results of slump test for mixtures containing (a) 0%, (b) 15%, and (d) 30% GGBFS
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Fig. 5. The results of UPV test for mixtures containing (a) 0%, (b) 15%, and (d) 30% GGBFS
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Fig. 6. The results of water absorption test for mixtures containing (a) 0%, (b) 15%, and (d) 30% GGBFS
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Fig. 7. The results of compressive strength test for mixtures containing (a) 0%, (b) 15%, and (d) 30% GGBFS
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Fig. 11. The cost of the mix designs production in ascending order
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Fig. 12. Desirability function of the mix designs in ascending order
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