Properties of sustainable self-compacted concrete
with recycled concrete and waste tire crumb rubber
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Abstract

The concrete building industry has to adhere to stringent sustainability standards. In previous
investigations, the utilization of recycled concrete aggregates (RCA) from construction and demolition
waste (CDW) or crumb rubber (CR) from waste tires in producing sustainable self-compacted concrete
(SCC) was well studied; however, the combined effect of RCA and CR on the performance of SCC is
scarce. Therefore, the main purpose of this study is to evaluate the feasibility of developing SCC mixtures
containing both RCA and CR and their influence on the performance of SCC. Three distinct series of SCC
mixes were designed so that the water-to-binder ratio and total binder content were kept at 0.32 and
505 kg/m3. In the first series, the effect of RCA content (0%, 50%, and 100%) in place of natural coarse
aggregate (NCA) on the performance of SCC mixtures was studied. Moreover, the effect of various CR
contents (0%, 10%, 20%, 30%, and 40%) as a sand substitution and 50% RCA was investigated in the
second series. In the third series, the influence of CR inclusion and 100% RCA was utilized to promote the
sustainability of SCC. The fresh behavior of the mixtures was assessed by measuring followability,
viscosity, and segregation resistance. Density, water absorption, and apparent porosity for all mixes were
also examined. The mechanical properties were assessed for compressive, splitting tensile, and flexural
strengths. The findings show that the inclusion of RCA and CR has an adverse impact on the fresh,
physical, and mechanical properties of SCC, excluding segregation resistance. However, it is possible to
produce a SCC using 100% RCA and 40% CR with a slump flow diameter of 605 (SF1 class) and a
compressive strength of greater than 31 MPa, which is applicable for structural applications. Moreover,
the ACI and Euro code CEB-FIP proposed models can predict the mechanical properties of the developed
SCC made with recycled materials. This research could contribute to a more sustainable SCC by
substituting recycled materials for natural aggregates.

Rt
(s AS e JlSay Iy Jlalin (s bty Al K08 (Spiin o oss Cu SIS 5 el pd Ay sl S Sinads
(5.3 4o 5 5 o g AR (s S 3K el 903 A (50 5453 S s o s (o (S 5 o g gn 1y S 3S Sliigedd p Al 5 5ila S
So g0 sladly Al ) gln Ay 4l sgila Sy Kaa 5o o) S8 AT UL 5 s s sla An Sliia Sy S
A S5 po Baa sadd 5 Qi F My S e Sin bl gy 5 534S HISAY (54lS 5 (CDW) 0la 55 5 5 Jbbin (g0 sladily
5 O bds (L) 65 ey S8 (Sl (ST )3 So 5 ¢(SCC) sl iy JSa A (5 )SG3S al g0 A (5 SG 35S o) Sliigeda Ao
A ISy aiSha S Gl o e (5 il Sl S o s JSAS R 5 kil e SO S ()i Sl 5 (se 433 S
S 5 CDW S sla 5y 4 lulin (oo sladily 41 4S (RCA) sl jlSay 5,538 Kan 528 Koy goila Sy Kas 58
Sl S i gl K4S o) gea S0 S 4l il gion SCC 4l Sl 5 (s4li (go sladly 41 4S(CR) 51Sa s
s pad CSOSay a Sliia IS4y i A8 5 3o 4S e iS4 HSE S (IS5 Sliigeda s L (leSl/ ileS
B4s 5a8 So5 CR 5 RCA 5328 Sliia Sy (oVau 055l S Aual Jud) ) (50 545 3153 SCC 4 Lindy 4l 55l Sy allas
e s U5 AaBeadan ailil A AL 3 e g o gl SAT ] eSSl SCC (Sliigedn Ay 4l 5 sila lSa

(2233 SCC (AMSApitaianli ual Gl A5 IS 5 o2 3341 CR 5 RCA 553 48 48 SCC Sk

eng.soran.edu.iq



gailall

gt Al A il 8 Ly 535 sl o) gl il g5, oLl UsB 6 dale ) 5 jm Al Al Aalia) cilillaie (3ind granal
Saall SN Rl e Bl 5 asaal) Al Ampdal) abaall G i) J) a0 5 Al Al Ralsia) e sladl daulad 35k
AT e i (55 ) (San Aariasall il HURYT (e o) p3gdl g oLl sy Jle il (e jalias Bae ez ATl 5 0y 43
uaa g el pal eda 5 alalai¥) e AL Ll dals Zalu ja el 41D Blu Al et Aaldiee Ale A U A ekl
Jaldaall s g oy 905 dlmall il ya1) oS 1 Jia o 0 55 Slaall alS 51 alasiiad |y il 31 56l alasiind 53 U g 3l S35 5 gealacil
o538 ALY ) 5 A il Aplia el vives Al j& Lgbe Jang 38 a1 13 Aibas jal) L) 8 Alenicaall il JURY) (e
O e 3l SIS (i) alaiian ) Al 53 (85 Al AN L e Wil 5oy 505 dlaall LS 1 (e g1 5331 03 (e US alaiiad dul 2
Asla G A0 Al 3 il ALl i g Allal) Al 5l Cooa 130l ol a1 213 Bl S ) 8 oy 505 dlaall LS

Alaaisal) Gl UaY (e Jallas olS 5 50 5538 dlaa Sl A a8 e

Yarivan Jawhar Zrar earned a BSc in Civil Engineering from Soran University in
® 2018. From 2018 until 2020, she worked as a lab assistant at Soran University's

Faculty of Engineering, Civil Engineering Department. In 2022, she successfully
completed an MSc in Civil Engineering Materials at Soran University. Her research interests
encompass the field of building materials, with a special emphasis on sustainable
self-compacted concrete, utilization of waste and recycled materials, incorporation of recycled
concrete aggregate, investigation of rubberized clogging, and exploration of civil engineering
materials.

About Soran University

eng.soran.edu.iq



Soran University (SUN) is located in the city of Soran, which is about a two-hour drive north-east
of Erbil (Arbil, Hewlér), the capital of the Kurdistan Region of Irag (KRIQ). The city is flanked by
the famous Korek, Zozik, Henderén, and Biradost mountains. The medieval mountain village of

Rewandiz (Rawanduz, ¥ ) is a stone-cast away, and the two cities share this lovely,

harmonious upland. While waiting for its green, environmentally friendly building to be erected
on a hilltop overlooking the cities of Soran and Rewandiz, its existing city campus has been
meticulously set out to accommodate the lovely natural landscape. The new campus will be the
first of its type, being walkable, balanced, powered by renewable energy, and compliant with all
international environmental regulations. There are 5 Faculties in SUN; Faculty of Arts (FAAR),
Faculty of Science (FSCN), Faculty of Education (FEDU), Faculty of Law, Political Science, and
Management (FLAW/PSM), and Faculty of Engineering (FENG). Also, there is SUN research
centre. Moreover, at SUN, there is a Language Center. SUN signed many Memoranda of

Understandings (MoU) with many International Universities.

How to get here

Soran University (SUN) is located in the heart of the city of Soran. The main city campus is easily

found on Google Maps for direction.
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