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ABSTRACT: The present paper investigates the effect of the replacement of recycled concrete
aggregates (RCA’s) on the mechanical properties and durability of RC’s and their technical and economic
desirability. Concretes made to replace RA’s including 25%, 50% and 100% were made. To improve the
quality of RC’s, micro-silica, fly ash and natural zeolite pozzolans were replaced separately with partial
cement. A total of 40 mixing designs were made in the form of 1000 standard concrete specimens. In
a period of 28 days, tests of compressive strength, splitting tensile strength, static elasticity modulus
and ultra-pulse velocity (UPV) and in a period of 180 days, tests of immersion water absorption (IWA),
capillary water absorption (CWA), electrical resistivity, electrical conductivity and rapid chloride
penetration (RCPT) was applied to the specimens. It was concluded that even with the replacement of
pozzolanic materials, the results of IWA and CWA conditions in RC’s are affected by the development
of porous and capillary space due to increased replacement of RCA’s. From the viewpoint of the results
related to electrical resistivity, electrical conductivity and RCPT, due to changes in the chemical structure
of the pore flow in RC’s, it is possible to achieve RC’s with similar durability to ordinary concrete. The ity
desirability of RC’s made from both technical and economic perspectives and their interaction were
examined. Among the concretes made, 25% RC’s containing 10% and 15% micro-silica and 10% natural
zeolite and 50% RC containing 10% micro-silica showed more technical and economic desirability than
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1- Introduction

The rapid advancement and development of technology
in the world require the upgrading of infrastructure, and this
is done directly by human encroachment on environmental
resources and upsetting the balance of the environment.
The need to develop new infrastructure and the inefficiency
of existing infrastructure have made the exit of existing
infrastructure out of the operational cycle inevitable.
Preservation of existing environmental resources requires the
development of a vision based on sustainable development in
the construction industry. The construction industry alone is
responsible for consuming more than 50% of natural resources,
40% of energy and producing 50% of the world’s waste [1].
Recycling materials from the destruction of infrastructure is
one of the approaches that different countries use as one of
the active options. The rate of this process in some developed
countries such as Japan, Germany and the Netherlands
reaches 80% and in some other developed countries in the
range of (20-40)% [2]. In contrast, developing countries have
a very small part of this global approach. For example, while
the per capita daily production of waste in Tehran is almost
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twice as high as the global average, a very small portion
of this waste re-enters the recycling cycle [3]. Excessive
consumption of concrete as one of the main components of
the construction process on the one hand and the need for
excessive use of natural aggregates and the limited space of
the depot of degraded materials, on the other hand, has led to
the approach of aggregate production recycling of degraded
materials should be given more attention.

Since, compared to the mechanical properties of
recycled concrete, fewer studies have been conducted on
the durability of this concrete in Iran, this article aims to
identify these properties of recycled concrete to measure
some important and effective properties in the durability of
this concrete. Therefore, by combining 4 replacement levels
of coarse recycled aggregates along with 3 replacement
levels of pozzolanic materials, it resulted in the production
of 40 different mixing designs. After introducing the
special mixing method related to recycled aggregates in this
research, 28-day compressive strength (CS) tests, 28-day
halving tensile strength, 28-day static elasticity coefficient,
28-day ultrasound propagation velocity, immersion water
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Table 1. Chemical composition of cementitious materials used in research

LOI SO; MgO CaO ALO3 Fes O3 SiO;

22 2.13 1.2 64.34 6.1 3.7 21.28 cement
12.2 - - 2.5 11.5 1.5 68.0 Natural zeolite
- 0.1 0.97 0.49 1.23 0.87 94.73 Silica fume

3.7 0.68 52 2.8 28.2 5.3 56.7 Fly ash

Table 2. Physical characteristics of cementitious materials used in research

Average particle size Specific surface area

Specific density

(Micrometers) (m?*/kg) (g/em®)
26.0 295 3.15 cement
16.8 320 2.20 Natural zeolite
0.15 20000 2.26 Silica fume
37.9 440 2.30 Fly ash
Table 3. Details of the proportions of mixtures used in the research
Recycled  Natural Sand Supem- Water/blnder Water Cementlitlous
gravel gravel lasticizer ratio materials Mixed design
(kg) (kg) (kg) (lit) (lit) (kg)
0.0 815 cC
RC25
204.0 611 888 4.2 0.36 150 420
407.5 407.5 RC50
815.0 . RC100

absorption and capillary water absorption 180 Fasting, 180-
day electrical resistivity, 180-day electrical conductivity, and
180-day accelerated chloride ion diffusion were performed.
After studying and comparing the simultaneous effect of
the replacement of recycled concrete coarse aggregates and
pozzolanic materials on mechanical properties and properties
related to the durability of recycled concrete, to select
the desirability of the designed designs, the interaction of
economic and technical desirability of each design compared

to conventional concrete were investigated.
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2- Experimental program
2- 1- the materials used in the research

The chemical composition and physical characteristics of
the cementitious materials used in the research are presented
in Tables 1 and 2.

2- 2- Aggregates

To ensure the same effect of natural and recycled
aggregates, recycled aggregates were made exactly like
natural aggregates. Details of the proportions of mixtures for
making ordinary concrete, recycled concrete containing 25%,
50% and 100% of recycled aggregates are presented in Table
3.
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Fig. 1. Technical-economic desirability of research concretes in comparison with reference concrete

3- Results and Discussion
The technical-economic desirability of research designs
compared to the reference design is shown in Figure 1.

4- Conclusions

The key results of the research are as follows:

-CS in the complete replacement of aggregates was
reduced by 18% compared to reference concrete; while the
replacement of 25% of recycled aggregates did not result in a
significant change in CS.

-All recycled concretes containing microsilica (SF)
reached a target strength of 40 MPa. The results showed that
in the replacement of 10% SF, it is possible to achieve higher
CS than the reference concrete.

-The absorption rate of immersion water in 25% recycled
concrete without pozzolan remained unchanged compared to
reference concrete and in 100% recycled concrete increased
to 87% and reached 9.12%. At the most desirable replacement
levels for pozzolanic materials, none of the 50% and 100%
recycled concretes had lower immersion water absorption
than the reference concrete.

-Substitution of pozzolanic materials showed that using
these materials as a substitute for cement, cannot reduce the
destructive effect of increasing the replacement of recycled
aggregates in increasing capillary water absorption.

-Based on the electrical resistivity test results, the
possibility of corrosion in fully recycled concrete was
confirmed.

-The electrical resistivity is more affected by the internal
chemical changes of the concrete and the changes in the pore
flow in the cavities inside the concrete than by the porous
structure of the recycled concrete.

-By increasing the replacement from 25% to 100% of
recycled aggregates, the electrical conductivity increased
compared to the reference concrete in the range of (17-67)%;
However, the effect of pozzolanic materials in improving the
quality of recycled concretes was such that it was possible
to achieve 100% recycled concrete with an electrical
conductivity lower than the reference concrete.

-The results showed that in comparison with reference
concrete, concretes with 25% and 50% of recycled aggregates
and containing 10% SF, have more technical-economic
benefits than reference concrete.
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Fig. 1. Grain size distribution of recycled and natural aggregates
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Fig. 4. Compressive strength at the age of 28 days

e gl FSUS N alge (550t S8l b (BLL Ll oyt
05l 5 (VooV) (han g Ll o conl (g5 b aige ol > 00
S JF 9 PV WS e AY LAY o) Caglie il ol (V34Y)
b 8bsl slaabawd,y Jol5 055k 0 (YVA) L) 4 45 oS
Wlilas j Sy g3 Sl cpl b F+] w390 oamline |y casglio el 55
Llos slagsis st oo 3 poster o> 5 ape o2 gl & S35 s
sdalin ¥ S 40 &S jeb glen [FY o FY] sl ons (5,155 8L 50
> 9 Ban Cunglio b by )Sim (59l (8L 5L slagi plos 95 o0
& g Son 517N+ (Sl s ity JSWLISe ¥+ 51 5L
8Lk laaibadd )y Jolf L3l > > &S edg iSu il g5
E985 ol 005 gy (531 &) Capmd (65128 Canglin VY I8l 4y oo
ool S Clegd 53 el S (gilygabose 4 Glgie |y yel ol
Tokbw 59y 9390 Jdou I U el el Clegd (pl a8 L sl
LabSiw () ol wls s & g odd awls 8L sladh S
SYoje sl iiSly sl 4l jre 0 b odd cuel aSl ol aiwls
Mg G ) bwg 4ol ol o515 Jleisl 5 030> (g5, 55 550
256 e (IS yobo 4 395 00 025 & jobilen [VF] b tuljdl ors
Sl do)d 53 ((5)lid Caoglio dguy 2 urkeungySie (3N

yave

& Jdos Y
&Hlid Cuglio =) =Y

b ge 0d 4l gla oy 0jg) YA (g)lid Cuglio Sly ¥ IS
Yais 0o Bk 9 Jyeme sl Byme ogei cnl > NP les
FEIY g)lid Cunglio 4y b Cuoglio jl joue b g e (b s
albcusy A0 5l oeb e 03 & johilen sy JSwlKe
Jogal b a5 sl ()i Cogli 3 (guguine s L1
Gy el e Bl abedy AV g Loe gl il
C )5 dou i e bl ol 2 a5 6)Lis Casglie ZVA 5 Z0F
Tolaw 59y d9290 sz 9 S5 ojluil g plie 3 oIl > 4 oS
sladbed )y Jol5 03l 50 (glid cuoglio ¢ 8L 5L slaalbeus )
SrJelS Jdo jn #dly )3 .l ol anlge wawowe cdl L 8L 5L
Gl & bl gl 28 Bolare Jule g3 4, il oyl e g
o el (aubs (sladileai s ) i 8L5L cladibeds,y O
sadl JS 4 gmlien 1018 ol 4 O s ials' b e
S,y g i J5d55 5 yieS Cuglie 4l pad [+ ] 25 plool
GLLI )5 (a5 35500 il slayl Jlasl 51 )5 b ons el Loyl
6olid Canglio o el yol () g 0l i (8L5L slaaih S



YRR b YAPA doxio VF ) Jlo A oyloud OF 093 ¢S ool (ol pos susdie 4yl

Y95 cdld I Gudwg Soo b aulie 0 Y jogls a3 L
Gl b dwlie o & caol ot 10 FF] casl Jbyed p (s528
b S gl (BLIL S 09y mabiwg S ool (BLL
ol g wley (Bl oy 0l (uSly meadSannS g 0 Sl 6 5k polie
o3kl s a4 ogMe 4y .100)8 Jhgd (6508 Cuoglie ooy 5l dtwd
rereg Siee SIS L dulie )3 (VA M) (rolo cd 5 S 555
gt Slos (e le Jidle & Cul Gughe JB (/Y0 pm)

Al poSenl g g sl b g gl

ol a5l L;Laao;’g O paigd @M{ C}msu.o DD u‘*“" [ JSW
SN (Y959 o slagr ded )3 398 o0 003 &S psbolen Cuul
93 S Cenglie yilS 3 g il L5 abed,s j174Y0
(BL3L by 0 ) iy il e b s sl us
J S0l )3 5 03)8 (cpSedn il 4 gy (LS Cuglie
dagliio )3 VY I Ly 5 g S Cangliio 3Bl claileas >
Slllas 53 (Y10) hlSen 5 Ik gy JEWbBe ¥ & 22 ye (2 b
Sl el |y A5 aeed S Casglie 5l A¥e b ags Lol
5 b Jl cnl b [Y0] wbee oSl (UL slaabens)s JolS
5 o iSols Gygo o aS asl Gl (Voo A) oS
Slgs o yidlS | daw opl cuaST b 8Lk bbbl eslal
2ol Cansllas w0l o3liiul (Y ojes dlge w3 [FF] Wl Lials £V s
Ao (ol 8B BT )3 5 Culgi ukimg oo 4 Blate i
B3k L0r o i o el (5975 & kg So 51 o3litl 5
O & o Sty sl (23S Canglis 1 uabuog Sao AN+ gl
SbalSin cunS ol s a4 Jls ol b ool odd 108 5 g pe
Sty b sl ] S Coglie eguone ials g 8bjL
Gl gaw rycgdhe ) (g (oS (LK e 4 el
Sl A g pe oy b duglio ) 0l Cuoglio () +) Lusliwg Ko
Y959 oo jl odlatwl i aS aad o lis sy pl sl ol dslse
oy 4 |y (BLjb laahiSin coas cdl Cllasl 56 S5 oi e
Al W9y (nl jl (e b il oo 4y ebiled i po b5 sl a0l
loles sl > ool puS B gols glagn diwd (3 0K Cuoglis

LS Canglie ytoljl el ZVD b (ool ymuSB e ytljal ¢ 8Ll

bl boles 35 4 (o550 4 sl Lt bl celaalocas s YL
2y POV L Y5 o9 alite 5 b Aumlie 13 kg Sn /)¢ (g5l
B0 o AVD i b duglie j3 a8 b )3 b aslge Casglie 5
LYY 5 4 by &y i ko Sn AV (iSuls (Vg (g
R4 20

S g 0js) YA ojl )0 098 00 odalie ¥ S5 ) &5 jsbolen
Ban Cuglis jro 4 (b juSB gols (BL3L 5 Jgeme slagi
3 ool S VD ool slayn b ol b g 5 JSlKs
a5 Lawgio jsb 4 (o0l yiuSB YD 5 400 gols sbayn b dwslis
S YD il g B dnlge (o )Lid Cuaglie A3, AYY 4 20 L
g 045 dolgo qugusma 3l b (383 Loy o canglio b 03 sl (53l
Sl ol sl 4 bgye @bt Jls ool bty JSWLL YY/Y 4,
Sl plad dgu o0 0000 &S yobo lon dly L |y Jalate Jbd, aubs
S yeS Camglio 5l e Yoje o alde o b duslie 1> culgh; sols
O Cenglin ¢ g Cdgiy 51 ANV L iSols 50 Sl ol byl 08
Caodly A5 dwy B Cwglio jpo 4 (28L5L albeus AN Sob>
5 A0 apSile 3 8 sl b 3 b e AV iRl
oL Cuogliio ¢ b saaibeas s b 8Ll slaaileus,s 5174V

Ysin oov Bl AVee g Abe oy Cud uguon
Clgs bawgi uagliio (od50 d9m0 (line & Mmoo LS el (pl 2,85
oSl bl Cysee Bl Wl oS ol g U 28L5L o o anb
bolod 52 b doliio Canglio oS > 2 130 . 3le5 iy |, oo s
i s 555 TN gl (8l Lles ot (Y i g (B3
A e (b LA Kiw Gpas Lials Cusllas y ogde oS Cul
ol by b duglio ) b ol bl 003 55 o By alS
gy A 5 AX e o slac (5L Cuoglia b ) XY
05 dslge S Y g VY b hawgio yob &y b

Slgn odd s Slacwglie Jiall (SSlSe ol Hlaie |
sy )Se g9l sl b auglie 1> (rub cllg; ool (BLJL
by (b gy o ojlul 5o g (Vajm cldld plie plyioe )
e o GAatnd g g9 4 Aty &S Canl (glodle _anbs g .ol
iy srosell @l Jlo ol b sl e o (Ygje el
b g (o oS 03l Ll (b g il (sladigel (Sl

yavi



YAAF b YA dis 0¥+ ) Jlo A o)loud F 093 S sl lpos swige 4 s

]

H

N

[ERN

w

NP SF5 SF10  SF15

mCC mRC25 mRC50 = RC100

FA25 FA35 710 720 730

NERd

b}g)YAM)awm»s%,& ) J&M’

Fig. 5. Tensile strength at 28 days of age
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Fig. 8. Relationship between compressive strength and ultra-pulse velocity propagation at 28 days of age
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Fig. 9. Absorption of immersion water of ordinary and recycled concretes at the age of 180 days
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Fig. 10. Comparison of pore concentration around recycled aggregates in 100% recycled con-
crete (A) without pozzolan; (B) ordinary concrete
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Fig. 11. Absorption of capillary water of normal and recycled concretes at the age of 180 days
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Fig. 12. Relationship between immersion water absorption and capillary water absorption of
concretes at 180 days of age
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Fig. 13. Special electrical resistance of concretes at the age of 180 days
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Fig. 14. Electrical conductivity of concretes at the age of 180 days
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Fig. 15. Accelerated penetration of chloride ions in concretes at 180 days of age
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Fig. 16. Relationship between electrical conductivity and accelerated diffusion of chloride ions in
research concretes at 180 days of age
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Table 4. Technical desirability coefficient of research concretes in comparison with reference concrete
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Fig. 17. Mechanism of obtaining natural and recycled aggregates and factors affecting their cost
(A) Complete costs of obtaining natural aggregates; (B) Cost of obtaining recycled aggregates
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Table 5. Unit price of consumable materials in the manufacture of research concretes (Toman / kg)
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Table 6. Economic desirability coefficient of research concretes in comparison with reference concrete
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Technical-economic desirability of research concretes compared to reference concrete
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