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ABSTRACT: Copper tailing is the by-product of copper processing plants, and due to their large
volume and physical and chemical characteristics, they bring many environmental and economic
problems. The recent research examines the effect of using mineral processing tailings of copper as
a substitute for cement on the mechanical properties and durability of concrete. For this purpose, five
mixing plans with different percentages of copper tailings from the Chehel-Koreh mine were used in
concrete production. This tail contains Si, Fe, Mg, and Al. 105 samples including 75 cubic samples with
dimensions of 10x10x10 cm and 30 cylindrical samples with dimensions of 15x30 cm were prepared.
The results showed that using 5% copper tail improved the compressive strength compared to the control
sample. If the copper tail increased to 10%, a decrease in the compressive strength was observed, and
despite this decrease, the compressive strength was still higher than the control sample. By using copper
tailings, there was a slight decrease in tensile strength. Electrical resistance and water absorption tests
at the age of 28 days showed that using copper tail causes a slight decrease in electrical resistance and
water absorption. In addition, adding 5 to 10 percent copper tailings instead of cement will reduce
concrete production costs and energy consumption with less cement consumption, reduce damage to the
environment with less cement production, and optimal use of copper tailings. Therefore, copper tailings
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can be used as a suitable alternative for partial replacement of cement in concrete.

1- Introduction

One of the methods of the management of mineral tailings
is their reuse [1]. This matter, in addition to reducing the
consumption of natural resources and construction materials,
can also improve the mechanical properties and durability of
concrete. In addition, this method can create a new market
for the mining industry and increase the economic value of
mine tailings [2].

In this research, the tailings from the copper processing
plant of Chehel-Koreh have been used. These tailings mainly
contain elements of silicon, magnesium, iron, aluminum,
calcium, and sulfur. These tailings are the final tailings of
the processing plant. The ore containing copper, after the
crushing and flotation process, is filtered and the solid part
is stored behind the tailings dams as tailings. At present,
the final concentrate (product) of this factory is sent to the
Sarcheshmeh copper complex processing plant to produce
pure copper and process valuable elements such as zinc and
lead.

Chehel-Koreh mine is one of the active mines in Sistan
and Baluchestan, so far no scientific work has been done
on the tailings of this mine. By using these tailing as raw
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materials for building materials, in addition to considering
environmental aspects, energy and other costs can be
significantly reduced.

2- Methodology

In this research, five mixing designs with a ratio of water
to cement materials of 0.43 were considered [3, 4].

Table 1 shows the amount of each material used in 5
concrete mix design. In this table, T represents copper tailings
and M represents microsilica. The control mixing design
without the use of copper tailings and microsilica and with
400 kg of cement has been evaluated.

The BS 1881 standard was used to test the compressive
strength of concrete [5], Bisection method or Brazilian test
to determine the tensile strength of concrete (ASTM C496
[6] and BS 1881 [7] standards). The electrical resistance
of concrete (an indicator of the permeability and durability
of concrete against aggressive factors) was measured by
applying a current and using two or four electrodes attached to
the end of a sample with a uniform cross-section. A concrete
water absorption test was done to determine the durability
and quality of the concrete.
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Table 1. Concrete mix design examined in this research (Kg/m3)

Copper

Design D Fipe- coarse grain Cement tailing Microsilica Water super-lubricant
code grained
1 TOMO 750 850 400 0 0 172 1.6
2 T5MO 750 850 380 20 0 172 1.6
3 T10MO 750 850 360 40 0 172 1.6
4 TOMS 750 850 380 0 20 172 1.6
5 TOM10 750 850 360 0 40 172 1.6
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Fig. 1. The results of the compressive strength test of
concrete at the ages of 7 and 28 days

3- Results and Discussion

The results of the compressive strength test is shown
in Figure 1. The results show at the age of 7 and 28 days,
the replacement of 5 and 10% of copper tailing instead of
cement increased the compressive strength of these samples
compared to the control sample (the compressive strength of
the control sample, at the age of 7 and 28 days, was 22.5
and 32.4 MPa, respectively). The increase in compressive
strength using copper tailing in cement can be related to the
pozzolanic state and the fineness of the copper tailing. So, a
significant amount of the weight of concrete (10%) can be
replaced with copper tailing.

As can be seen in Figure 1, copper tailing has a better
pozzolanic property than cement, but comparing copper
tailing with microsilica, a lower compressive strength was
measured for copper tailing. In this condition, steel fibers
were used to increase the compressive strength of concrete
up to its compressive strength by using microsilica. By using
10% copper tailing instead of cement along with 0.06% steel
fibers, the 28-day compressive strength of concrete reached
52.8 MPa, which is 37.86% higher than the case without fibers
(38.3 MPa). In general, regarding the compressive strength,
the effect of using steel fibers together with these tailings is
almost similar to the effect of using microsilica in concrete
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Fig. 2. The results of the tensile strength test at the ages
of 7 and 28 days

(52.7 MPa for the simultaneous use of steel fibers and tailing,
in contrast to 53.8 MPa for the use of microsilica). Therefore,
it is possible to replace microsilica with copper tailing along
with steel fibers with a similar effect.

Figure 2 shows that replacing 5% and 10% of copper
tailings in the concrete caused a decrease in tensile strength
compared to the control sample (the 7 and 28-day tensile
strength for the control sample was 3.57 and 4.5 MPa,
respectively). The reason for this can be related to the lack of
cement materials that play the role of adhesive in the mixture
and the increase of pores along the length of the cylinder so
that more pores reduce adhesion. By replacing 10% of copper
tailing in the concrete, a greater decrease in tensile strength
was observed compared to the control sample, so the tensile
strength decreased by 16.58% compared to 5% replacement
with concrete. It should be noted that even if 10% of copper
tailing is used in the concrete, the tensile strength of the
resulting concrete is still acceptable.

According to Figure 3, the lowest value of electrical
resistance was related to the sample containing 10% of
copper tailing, and the highest value of electrical resistance
was related to the sample containing 10% of microsilica,
which showed a 10% decrease and a 396% increase in
electrical resistance, respectively, compared to the control
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Fig. 3. The results of the electrical resistance test on the
samples obtained from different mixing designs

sample. Of course, it should be noted that even if 10% of
copper tailing is used in the concrete, the electrical resistance
of concrete is still an acceptable number. By replacing 5% of
microsilica in the concrete (compared to the control sample),
the electrical resistance increased by 193%, and by adding
10% of microsilica to the cement mixture (compared to the
control sample), it increased by 396%. The concrete with the
addition of microsilica will have less porosity than copper
tailing. Anyway, the use of copper tailing, while reducing the
consumption of cement, does not have a significant effect
on the electrical resistance of concrete and the mechanical
properties related to it.

In Figure 4, the lowest percentage of water absorption
(1.3 percent) was observed in the sample containing 5% of
copper tailing, and the highest amount of water absorption
(1.7 percent) was observed in the sample containing 10% of
copper tailing, compared to the control sample (the amount
of water absorption for the control sample was 1.4%).
Therefore, in terms of water absorption, the use of 5% of
copper tailing as a substitute in the concrete is similar to the
use of microsilica (1.3 MPa for both numbers).

4- Conclusions

In this research, to help sustainable development and
reduce cement pollution, copper tailing was used as a partial
substitute for cement. To determine the mechanical properties
of concrete, tests of compressive strength and tensile strength
were conducted, and to check its durability, tests of electrical
resistance and water absorption of concrete were investigated.

The results showed that by adding copper tailing to
the concrete mixture, its compressive strength improved
compared to the control sample. In addition, the combination
of steel fibers with copper tailing caused a further increase
in compressive strength. As the percentage of copper tailing
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Fig. 4. The results of the concrete water absorption test
on the samples obtained from different mixing designs

increased, the tensile strength of the samples decreased; Of
course, even if 10% of copper tailing is used in the concrete
mixture, the tensile strength of concrete is still an acceptable
number. Electrical resistance is reduced by adding copper
tailing to the concrete mixture. Of course, even if 10% of
copper tailing is used in the concrete mixture, the electrical
resistance of concrete is still an acceptable number.
Therefore, the results showed that copper tailing can be
used as a suitable and stable substitute for partial replacement
of cement in concrete. This is an important step towards the
sustainable development of the construction industry.

References

[1] M. Mostaghelchi, R. Zahiri, Management of mineral
tailings, solutions for control, reduction and processing
of mineral tailings, 4th Conference of Iran’s Economic
Geology Association, (2013). (In Persian)

[2] C. Meyer, The greening of the concrete industry, Cement
and Concrete Composites, 31(8) (2009) 601-605.

[3]S. T. Blessen, R.C. G. Alok Damare, Strength and
durability characteristics of copper tailing concrete,
Construction and Building Materials, 48 (2013) 894-900.

[4] N. Soliman, Effect of using Marble Powder in Concrete
Mixes on the Behavior and Strength of R.C. Slabs,
Materials Science Engineering, 3(5) (2013).

[5]BS 1881-108 Methods of testing concrete. Method for
making test cubes from fresh concrete (AMD 6105)
(AMD 9074) (1983).

[6] ASTM Standard C 496/C, Plitting Tensile Strength of
Cylindrical Concrete Specimens, (2010).

[7] BS 1881-110 Methods of testing concrete. Methods for

making test cylinders from fresh concrete (AMD 6103)
(1983).

707



785 500 ()] yo (o kien & i

VYA L V-0 Cloo VY Jlo & ojlodd @F 090 < oS ool (ylpas  wdine &y il
DOI: 10.22060/ceej.2024.22706.8033

Com jluzms (S391 51 (6 S gl yolaie a (53 A )3 (o (519113 SLalbli 5,5

s g 4 yo LI ST e 03l3,0 Chungy

Ol eolialy ¢ liwe ol g b o1 «ouSs dpad awlige 0uSKUID ¢ydne wdine 09,5

1891 au )b
V[V 5 edl
VEY/NIYS 20,5550
VoY YIYE 1 s
ARV VAR H PV

1605 Clols
e salbly
0)55 Jz e (ine
Sleidlo plas
G bamo

5 4 5 el 0045 i 5 (sl bt 3,18 &S Atk o (591,5 (slal S il Jguazco o sloallol s Y
s g 5 e 1y 6 o 530 g a5 s 5 St Sl 35 07
& oghaie cnl sl o sen 5t plgd 9 (SHlSe Gl 2 lor (23S0l laie 4 e (6l S Aol odliad 55T
5 23550 0] commslons (coloallly ) 15 030l 4ty b lis 15 05 gz (e Ly bl ] il (glatuo s b LIS 2 o
a5 el Yox V0 dlal b (gl algias] digas T g yronls Vox YV oxV e slal b uxSo diges YO Jolis diged V0 .ol pouivns]
Oil33l g0y Lol g oo walis diges dy Canmd (6 )Lid Caoglie dgups casly ol o3 O jl ookl a0l Ll ubs s
i ¢ 6 )i Cunglio Jlado lisred ¢ il pl o g b &S b sdalie (g )lid Cuoglio > ialS o )d Vo 4y e albly oy
Pl Ole g (oSl Canglin sla yiolojl ol &y iS Canglio 1 (o juab ol ¢ o Albl jl okl b .3gs Anlid 45403 ;|
938 copiomad g oyt o La g (S0 iUl Canglio (3 1l ialS sl o albly 3l ool 45 15315 Ui 5y YA (o

UiblS o 08 Bruas b (655l Bras ialS g i Mg slaai s ials el Hloww by e albl jop V- A
o e 4 o Albl ol b dlgs s e slaallol ity By g lases yiaS 1 b s baomo 4 ol

el o3l BB o 53 oS3 (030l sl canlie (30l

[¥] ol

ba il Sldllas ¢ Sdre gusns Co pie g mle 5l clbles (4l
S oo iso 5l (Sl aST Gilise (o plS 55 ke @ilie 4 allsly
oiSe 4 18 esliial 3y50 |y Laalbly ol I 2y BB (ise wlgie
sl gl Wl (b pme 5ol gy ol el o g il
0] cosl o1 plodl gy (Sloiblo glas sl 4 1) 2lge (13,8

Flas oln 5 ridracy jl o o oS> Sk
5 by dadw qgjluosl, o 5 colo 3 o cul s Slaslo
S Canl Slobles o3l Sy o5z D8 o0 odlitsl las ccloojl plo
Cand & (duslo 5 (p8) Cb)d 5 52y SoaibSis 5 Glows ol S5
Mk <5 iy JSb corimd LS el 4y ol gyt [V 5 7] 000
sl Glatlo plas 0,5 5l (S a1y ol clio aiie 4
slagdyy 3 Mol g oS B35 50 g Cusl 03, bl pdy Cowd & 00
g e Cunj odes @l (xio Sluls g lge I ealinl) o AJg

doddo —)

9355 0929 L Lol .l () S0ume a3 (VL by s> ]
(PI=0 bl 5l ol lade slawlio walise L')Jl.:.a 5L d)b)%")-ed
ool 8B Saxe (gladlbl [V] 25 o 925 odlee BlbI 45 adlazel My
e g L Jludl el bl ()l g sn a2 LB (ool
SLasil g g 15l ot cul (San S5 g lon cuiS [V] 298 0 @bt
S eats Gyl 3l 56 (e 5 ej o @lie g 2,5 8 JLe 50,5
ise sboalbly cy e by [¥] 555 03] baoyis 51, I S
salbly copae sbaby) jl Socwl Jlye s loky cuenl )
V] el gl 5l a5 odlitul  Saxe

el b 55 ol sl jg) Bras g plaw g Bk ]
olyor (g5l (YL CGras g Glose Glbuld 5 51 iU Jaorecu )

hosseininasab@eng.usb.ac.ir :olslKe soge oriwgs ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )


https://dx.doi.org/10.22060/ceej.2024.22706.8033
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

u))i)b ub& LY AR 9 YO Ne NONe D er LgLﬁM).) L Jﬁ_\a.o e
2 Ui Cwglie a5 10,8 sdalin b ;3 Bpae leww I isu
mwc\l]obm)bb 90&95&‘&@9@&‘} 5}9)‘\' 9YA‘V Oy
2930 Gl 263 5l 6)lid Cunglie ol Glow (b Olgis
A5 yliS sald dged 4 Cans Cuaglie bl o o3l slado > ple
)5 )3 (o 2590 059) Nr 9 VA Y (w53 (LS Cuanglin (pricman
Cand (oAbl do )3 Ve 90 (gols sladiges aS b Hlis Jols gl
IIV] ol asls (T b plp b yiiig itS Conglio dald (gdiges 4

Olgie 4 Gue oydme albl 1 eslazwl L (Ve e ) o) Kon 5 5o dllie
BRl Yo 9 AREPA YA TP RAPIA dLhJuo).) L u.a) 4)[) oMo JLl uLo.a.u) ué)iib
3 o due 0exdex0+ sl b cladigejl b a8 o lid Caoglia yiulo]
VEexFexFe slul b cladiges j| s Coglio iulojl plosl cas
LML lazyb o pied Coglie o lis a8 wd edlaiwl jio Lo
Cand Hlogw (1230 laie & o albl do > Yr 930 N D (g9
I ial38l 8o 0 VEIYY o VWWNY AVIAY /55 i 5 s cdald diges &
oo dlbl do s Ve gals ik 0 Lied Coglie oy i Cul 03,8
Olise 4 Cuglio yialS (e dlbl o yd YO (gol> b g b oamlie
LYol ol 1) xopd VY

b ctme albl 9380 W56 ((VFer ) ol Ken o uelow]
sgpae (i GBSO ) o 4 ) Ve 930 A e glado)
Slas ol jIE )y 250 o dee Yo ex VO (lailgiwl slal )3 oiis
by sl 5 Sldpe 8155 K4 £5 My plapw 3855 ) > o
LSl b g e Lo WW/B cganaily jlad wSlis b 6w (o (ydee
Ol 58 el digad dy Cana (5)lid Canglin o> Vo U o albbly 3,8
VO (ol dges 4y bgsye (g lid Cuoglin piSTus oS glaieS 4 5,8
DY) cwl o3gr Gloww (330 laie 4 e dlbl do )y

o (2Eilojl adllas & imgd )3 YoVY) oL Ken 5 5B
IR b sldiged 3 0I5 S0 bl 5> Cunglio 5 6yl Cunglie
gk onl 3 A (53 (Bras Gl (lgis 4 e (ixe dbl,
il e abl oy Yo U ol )3 a8 ws ang LU )b aw

VeQ

S5 YL sl Bpas 4 ang L [Pl JUid ) cute (o3ladl
Slgicen oy > 3Rl Olgis 4 Gise Al oslital (o Wy )
o Gpas LinlS 5 oMl (ool ol 5l 50 5 caslio Lo,
ot el g (Selle Chogad sy (Sladle glas 5 (ol
Odne o sl |y e L Sl oo B9y nl eomizmen i S9e
JA] dan ioljal ]y e albl (golaidl | j53,) 5 1S sl

gl | g o5 wies Slolo (e ine glaalbl I i3y
SR sy [A] Bad 0 Mg ame Kiww 5 e (g9l (Sdme 03le
w115 55 45 Wb oo ol 1y Llbbilansy e oyne cloallol
S dncStos Jolb Ygans e albly J| g5 ol bl o 3525 & oo
293 (oligh «Siond Sllos Jobo )3 4 Cunl 503 ido s Blge
Sl s a albl jl gg cpl [V ] Nad o o ol drad g
ool ause g o) (laecanj o il wusl Moy (35l
359l 0 olyod 4y o S 15 SlocS 15

Rl Ko plye ) e Gane sladlbly ol Sidaghy (S
o a3y ] 4 deld] 5 a8 wiled S slgri oy Al g leww
Ll

Sl (Sl oy 4 (VY GhlSen 5 ' ulogi LSl
dwlo 5 (b 5l (diBu Sl o yd Fr U e dme dlbl b g 0 3y
s U ]y o e albl eioes ol 515y i3y, Lonuds
ke 3 5 ] 250 oSl {10 1K 1) o o0 T il
31 )3 2yl 2590 059 A g VALY i 3 1) ol 5 g 038
bl 5l chlises clodio ) b (ol 5 (pad (5)L5 Cunglio (slogilojl
Oy MBS 8 o 90 lite ploge 4 Ol Cand g e
bl ao)> Yeg Ve (ol saiges sl So) A0 G 3 (65li3 Cunglie
IF Gl 4 O i b b il 5 o 23S0k lsis 4 e
WA dnlge Jald diged 4 Caus Cuoglio bl b davdiged yoluw i 558
G320 GBI L g /0 plag & Ol Cand & Gloj (rizmen
ol 5l b saalie Lied Caoglie Liul3El dadiges (gl Jos oy
S el lgie 4 Wlg o e (calbl a5 05 oanlie sel Cuwts
IF loww 4 Ol Cuns b g o anb 3y laaihiSin b (Ao 54 1)
DIV 0,5 1,8 ool )90 /0 ¢ «/¥0

1 Skariah Thomas



).Ié.'v EBY, D9M.C— ulny" | ‘_gb)g)lf)g: Caxo &5 ¢‘_,’.3L~>L» C.‘La.o 4;.]5‘
2lo g Gipl 2 ey BB ol 4 (e Cunj laais (85
OiRgR 3 b ol &S Gbusg 4 dagi b oS add o bayie

‘_;iu&nuw)au1)4|5Lmt\,lbbu:luw)))ﬁw‘oww)ol

Db A3y (93938 Clgin (i

((PBialojl a2 9 LS £ 5b) i (109, -Y
> o5 cul o 3 Gl lae ) 5l (S o0
Elgl yo ccalizeo JE! 5o cile cubl oomen 5 YU SO ol
hoslawl b oy e ( Jbb cpl b g 0 odlawl leidlo slrojgy
by ol 4 ymie il oy cS Lo (Lol Dlge 5l (S a5 lesws
Lo Sl 3l mals gl 0L sl iaghy [VA] 098 o Cans ) laro 4y
IS N cwsl a5 g0y e g5 p Olosw g
4 58L5L dlgs 3l eolatwl b o we (aie @ISl ! halsT glal,
ol 0 VY] cwl g sl adgl dlge I dsu il lsie
(odDl) 055 s iolojl camlis bS] 24l 4 ey 0956 4 ¢ i

Sl 00 4.»>|.)).s (d‘” uT uA> 9 ‘é))lsjl

285 53 odlatwl 350 pdlas g dlge =) =¥

o (S glae ol o3lisl 3590 3o ()2 & (A0 el
ool g 0l a3l yy Ol g (339381 dlse < purlurg S ¢ e (e b,
oo Albl (g5l (3 5 (Jgame (y Cansd dugliie 0SS )2 g (30055
NGO PV SICTTVS B PREST

Sloslatwl b g oo o V ol digjp oS ol )l cuogd b))
b deaslie 3 13l 103 D aAllol by lases i3Sl e 2By ¢ s alloly
bl b lopw 203 Ve (3Kl b g (Al 803 Vg Jgens (30
Bpuno ialS cpol pl o iy 2555 Cuaud ialS o yd & dgas ¢ o
Caleg )3 & Sl Jgone (i b duliie )3 (e albly g5l (52 53 Glowes
Sl adagi b oS Bk sl e i calo auje (alS 4 e
Loyl gl 3 dlas o 50 |y (65 Bpae 2 3VL ol 355 5 loges
Olow 308 Wi b b oo (1l j3 (6351 B Glogms 328 B
Comj bae 4 (63208 Cul (e (lae slaalbl aigy Gpas g
9 MRS sl 3a (e slaalbl digy Bpan b (pizzen gty oo
Al o ialS 50 balbl x85

a8 05 0dly L peizmed (8L ialS i (6l Kb g (ded Caoglie
ST 5l St il Gl (gl 3l Sy lgie 4 Hlga yuo bl
D] s Jos (sojn

Al 5l oslizal 35 sl 4 oyl 3 (Y0YY) Sen 5 s
sobate cpdy By (i plgd 9 (SSe ol Ol Glgie 4 e
Sy ailiy losw 2o > AD 5 ¢ ki 10y B ¢ e dlbl o yd V-]
V¥ i 3 999 VA Glosw 0 Ol s s ookl oy ans
cdlloo ol )3 b plnl hed g o)ltd Cunglio (tolofl g, YA 4
S ol L gl A5 ey 8 0k SIS s ool inan
I3 g aBly dgu0e e bl Sl odlital g0 ) (i (SlSe Lolss
oo Albl aoy3 Ve L iaghy (pl 3 35 Al Ty g (S
Camdre Ay duoyd Sy lais 4 o yd pl i edlatwl floww b &
M oo (s 5 (5)lid Cunglin LialS el YL slado ) 5 Wb o
V]

290 0355 Sz e gl GBS I ol albly (3w ol
yobas) sk yolie Lol odas yohas albsly ) sl 48,5 1,5 ezl
Ve i polar) oml (300 VA ooy o) o e [y ¥O ()85
5 (0000 0 Loy o) ol (103 A ()85 sk pgrizogl] (20>
oo gl B ol albly sl (30)0 ¥ ()5 yska) 5,55
(e (S3l me S sl (55l )8 GBI o5 Al )5S ez
Cot dely (154 5 ond b ygelisld Al 5SS bl S g
2 2ad oyl dbl sladw cuiy jd eolaiwM ©ygny @bl e
oAl e M5 (sl B nl 2l (Jgpae) 0 p5luiS Sl
aoime (55918 BB & Oy g g9y Wila (gaieds) polie (sy90,8 9
P9 oo JUo)) douir oo

2 Olaly b 0pe Jlod (s pteglS WV 53 0)55 Jaz e (e
S (n 08 ) )18 (L ailad sliwg) Jlod (5 ieskS VO
s Slgesy o Jl g 5 20300 S5 055 sloojel 1y b
90 9 Sl Oplo g Jod (S dle 1 gl a5 305 118 wisle y2ls
Ok s e ool V] sl 485 )15 558 (15 slabglsee
@ 095 U & 29800 2held pliargl 5 bt Glil Jlb (oles
Pl 4855 Oygo ine ol I ol sladlbl (5 2 (sels B
dge plyis 4 albl ol 5l eslil gl it )5 S, plsl )90

\ARS

1 Xie



ome Albl (9l (5 9 (Jgore (p Cuond D9l ) Jgua

Table 1. Estimation of the price of normal concrete and concrete containing copper waste

o bl 55l> o Jyere o
3 5 = 31
) Fo gz pSokS) ) 5o ppSokS)
(Oleg) (Oleg)
(5o (5o
\Woe - Qg YWo.-- Yo- (awle) dilo gy
\Weoos £¥. \Weoon AD- (o5) wlscad o
[ f.. [T f.. Sloses
- Y. - . e Al
_ _ _ _ o
\Yeooo ¥ VYoo \/$ 0aliS s, 3g3
VoYY .. — VY eQeoo — Egoe

635 54 o sladlloly jloslizl (gl Jlanly gy S 09 3591 |
WS 008 JuoST b 550l laie 4 5l g ol Caio p o]
slaie il ogMe (ho) cnl sl 3 plasw b (Voie
Conglis jolai (30 (SHlSe 5 (S5 Sluogad St 4 pxie (s Wy
(32255 pl )0 odlitwl 00 allbl g o v 5 (SDye5 ¢ S 5L
45 035 Sz oo ino (839159 (Smallol 31 a5 M oS lizpan
i 4ol 3 29290 (s3enS1 OS5 iee g ICP 3UT o8 sl 03
abl 5l slodes (ioy cJolis ol Billas ol oads 1)l o ¥ Jolis o
el porizagl] g o2 5uito oyl qumalins (59> (55 (] 5 030l 3,90
[VF] Syt olil yo e bl ogases (5 (5 Seill sl
A ol Abwr s g adiligd b 5l SAMASTM C

ol 5o =V = =Y
Ol Sl 9% 8 5 banwgs 00 W urbiasg S 51 3o ol
e o gilw o p)S Y/YY L'j UPHRZL (59 a5 Cuwl 0dds odlawl

ol 0l &1yl & o 3 35 uadiws ,Soo oo Slooguas .ol

\AR]

G0 y0 odlatwl 350 (S pdlias =) =) Y

o dlae slp g 0008 9 slez il Cubyd (Siw dlas ans sl
rSyp bS8 oslil 3,90 YWASTM C [YY] 5 sl 3llas
VIV doc)l oojll o yiSaoS 5 jie e V& iy cubyy )y ol
Maged ) S bl o o pd +/V g xSo yio il )5 VIO iy
ol 1y B cpl )0 edlawl dyge by by g ) las (ganal
Y

Flas Clasuio & Jodo> 5 by, sdlas Glasin F Jyus

A o i 1y il b

5800 53 odlaiwl 3yg0 (e (galbbl =Y =) =Y
sl 5l Jol sladbl jogast (gl coto sladbl
Iy o3l (a5 MU (olonds dlge j oalitwl Juddy yamolisld

C8lil b g (gl cunlio (sla gy & sl o cplple 505 ol e &



== ASTM -l o == ASTM YL as = vy, == -ab oin

100

0.6 LI 2.3
[N Py TR [ A R

G ] 5 03\l Dy90 dild 3y g AIDCWS D Wlas uadild Hoges N JSS

Fig. 1. Granulation chart of coarse and fine materials used in this research
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Table 2. Characteristics of fine-grained materials
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Table 3. Characteristics of coarse-grain materials
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Table 4. Characteristics of the mineral processing tailings of the Chehelkoreh copper mine (%)
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Table 5. ICP analysis results (ppm)
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Table 6. Chemical characteristics of microsilica used in this research (%)

ST eS| dw ol oSt agegl oSt olse liee ST ST ST eS|
R sk o)l iy 2 S o ke
QN - \VIY 4 Yo <IAQ A% Oi4

ol -0 -y -y Sloww =¥ =) =Y

ohaly s Ops g Saelsl O (i opl )3 osd oozl O

sl e

ul.c.u.u A edlaiw! d,.m L)i‘ 0 Lbduw Sl d‘).’ LY Lf‘“"ﬁ'“’

u)‘)> ﬁ‘ﬁ 5 WL.A Ca.nsl.&) d‘)b 45.)93 ujLB ul.o..\.w J).w 90

oS g, 352 =5 —) Y
A8 odlatul 3590 (3 auts sl BuS (al 3 & shouiS ) (598
SlesS Pl b 555 ) 5 o331 S5y sl el 425

PRl ul‘“*" LS A,j o uuhlf Caely dmoniss O‘?) ‘599 Cawl 005 umb

vy

o &l o5jle S s bwg ol olewd ¢ (b Slaseie sl e
ol 03b 039l aoMS Hob 4y ¥ Jgd> > oS

VY] Sylsbial ool 2 58 Glogw pogasee (i pSojlul sl
A o3l Lber s g adilsg )b IVAMMASTM C



deWJﬂY@uW@Wg‘_&)@uWVng

Table 7. Physical and chemical characteristics of type 2 cement of Qain Cement Company
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Table 8. Specifications of the super-lubricant used in this research
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Table 9. Physical characteristics of steel fibers used in this research
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Table 10. Mixing designs examined in this research (Kg/m3)
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Table 11. Determining the use of concrete pieces with the determination of the slump number
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Fig. 2. The concrete breaker jack device, which has a cubic sample inside it.
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Fig. 3. Fixing the sample inside the electrical resistance measuring device
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Table 12. Slump test results for 5 concrete mixing designs
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Fig. 4. Cubic sample placed in the concrete breaker jack
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Fig. 5. The broken sample in the concrete breaker jack
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Fig. 6. The results of compressive strength test of concrete at the age of 7 and 28 days
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Fig. 7. Horizontal positioning of the cylindrical sample inside the machine to determine
the tensile strength
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Fig. 11. The results of the electrical resistance test on the samples obtained from different
mixing designs
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Fig. 12. The results of concrete water absorption test on the samples obtained from differ-
ent mixing designs
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