Journal of Transportation Infrastructure Engineering Volume Number 10 (2024) 52-66

Journal of Transportation Infrastructure Engineering

Journal homepage: https://jtie.semnan.ac.ir/?lang=en

Semnan University ISSN: 2821-0549

Research Article

Evaluation of the Effect of Metallurgical Aggregates (Steel and
Copper Slag) on Mechanical Properties of Concrete in Jointed
Plain Concrete Pavements (JPCP)

Seyed Mohsen Mirnezami *®, Abolfazl Hassani *"®, Arash Bayat ©

“ Master Candidate of Raod and Transportation, Civil and Enviromental Engineering Department, Tarbiat Modares
University, Tehran, I. R. Iran.

b Professor, Department of Raod and Transportation, Civil and Enviromental Engineering Department, Tarbiat
Modares University, Tehran, I. R. Iran.

¢ Assistant Professor, Department of Civil Engineering, Islamic Azad University, Khomein Branch, Khomein, I.
R. Iran.

PAPER INFO ABSTRACT

Paper history:

Received: 2024-12-07 This paper investigates and evaluates the use of slag as aggregate in concrete

Revised: 2025-01-13 and its effect on concrete properties including mechanical strengths

Accepted: 2024-12-26 (compressive, flexural, abrasion, etc.) for its application in simple jointed plain
concrete pavements (JPCP). The main variable of changing the type of aggregate

Keywords: in the concrete mixture is natural aggregate (silica), copper slag and steel slag.

The aforementioned slags have been replaced with natural aggregate in fine and

Jointed plain concrete
coarse scales and percentages of 0, 50 and 100. Results showed that concrete

avement (JPCP); . . .
II\)/[ echani ca?prop) erties: samples made of copper slag aggregate (100CSA) had the highest resistance in
Slag aggregates ’ compressive strength, indirect tensile strength, flexural strength and concrete

workability (slump) compared to the other samples. The use of copper slag, due
to its high specific gravity, also increased the specific gravity of concrete, which
is considered a negative point. Concrete samples with silica aggregate (100NA)
showed the best abrasion resistance after 600 abrasion cycles. Finally,
considering the results of the tests and the importance of each test, it was found
that concrete samples made of 50% copper slag aggregate and 50% silica
aggregate (SONA+50CSA) increased the concrete performance among the 5 mix
designs made in this study.
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2. Water-cooled copper slag

:‘)l_,é aJL:Jw» Y-Y

55 ool (G ol ps el eslanal o)l

sl Al s N b S S e
sbdoss ghls 8 Cul G5 S5 el
e 5K g Al Al ot ST gl gl 1 e
Sph g Mg Vg L Obosen &5 AL e ole sl g
03 Vg Sl )8 Ll Jgams Olge @
Al Wle Kl il e 5l

L_ Air-cooled copper slag

ov VY 50l oot 9 v ol o2 Jlo (J8 5 Jo ol ) (cwiige



sty Sose @) Ol amidsm 0555 badise
cé)'j) °k~ K] A)'j) Y/\ LQLQQLA) )‘ o RSN W Lg)\.x.@i.’
A plouil a3 s 50 sla bl

Selasl iy, VoY

AN g h s ol AT b,

33 IS sb g cnleds SIY S 5 Y i s
mu&:{duﬂuji&usu&a Sialesl e S
w3l o Jiinﬂ LIRS VLN W GIC IS L;La&bj
Die 5 B 05 S 5 sl (Cedlal) o 1S Ole
o ol sl Sl o gase O
(e b S5ES (65l Caglie e ol S

A ‘_g]”fa)'\.)u" Q}*"f’)g;‘;:'l*‘ e

2 G ol 3 il Caslie el ol

2l & e (1494 ASTM) ASTM C944 sl
Al & S 65 e A il )
oo ol A e slanl ASTM (golg oy (slo fos s
22 edd edolw Ges 5 055 SR (S eIl gl
For s Ladises a8 ol ol o e
DB G s Pl o s (7 JS2) sl
YY las o s pillas Ol o SIS G, S s
S S eIl gl el alu Jasle b syl A
Olyee IS 6l 09— g0 osla ol 0 €50l il
033 8l deos Slre 3 51 lesT onl s Sl
S5 o 5 1 el eslel &5 gad At oslitil & yad
b s oS oo ot 1 o 4dds 53 Sde 4 5 03l
238 ol 5,8 e s Sl W&us LU Jles!
S apd g el Wgad pa gl sladds 55 Al e an
S350 s ot S w5 al e 8 OLL Sl ey

2 g L 50 S 88 a5l gle 5 S| s

O T S P WPt PP E S R Y
Fegghee b5 S D3 o3l Loyl e A5 o g
Lol ol G (G cpl 53 5 358 0
5 3l 51 ol s Al e e s s

A3 S eslizad Tga s el
Slagw Y

Voo iy Ol ShGhassy cnl el L

(gr/em®) ¥/V0 o suasie 055 L 0145 Olages 25,
Ol s S eslanal (em?/gr) YaV+ ) Jsde
w3310 lg 2,8 5 aids Vot ol Wyl 2,8

A LQJSAJUJ\

o B b oY

ol sk nl Gl byl b ol

5 s sl gl 5 b VY bl
Lol b gl (Y 0T g,
LS lails e ol 5 SV 58 o5l ol
LaluSs ¥ Jdr 5 guliuails oo 4 42 55 b ¢ mper
= oo 0Ll biluSs w50 Olases (03 S b sloes 5l
32l 038 byl 4l aw Dde b e 25
03 o bglous adds Jlem Sode a4 5 Al dal e G
olie ls e at e o slad god poled 355 e
Ve oy 53 4 b gas il oo Oloww 5 O DL
u}b«;\.xi;,ﬂ@;ﬁ;\&ﬁo-wpm PR

TR W

$5) Jos DY

Sl Dose 53w o sldse sl e

5 (e sad Cusby Bim 5 05U s bt sad (5,116K)
A el (ST w03 035 5 dby) sk e
53 05kl s LB s cele YE Se 4 addgad
WIB 035 5L 51 e Ll BL oKiulesl les

VET b o 5 (oo 2l oo Jlo (JB g Joo laca b 5 (owiigs oA



UPCP) 1535 o5l o laigilosy 5> o Seilfe Sloogas 1 (oo 5 9Ys8 0,1 ) Suipsllie laailafin 3L b5,

b}Juﬂ 6;0)‘.}4‘ sz (AR RGN l—’ ))b: '}a_"“}: 4_’}“ d)} aslal

68 o sla 3T b ¥ st

Sebeyl AV RIRE TN Goa) o3l Joo o (Gogdes) W0 slasl LS 2 &gl sl
(Y+Yo ASTM) Sl ASTM C143-90 Lot 51 - -
P RFe 039
ASTM C1688 Lol 51 - -

(Y+\+ ASTM)

cBS) 6)& CAA)LZ.A

BS EN12390-3 45 TA Veax)rax)e Y,
(Yoov
et (S Ll
ASTM C496 a5 TA VeexY e &gl Y,
(Y++i ASTM)
e
sl e’
ASTM C78 a5 YA Verx)eex0ns ¥,y
(Y+\1 ASTM)
L;“:"..l““ C,w}l.ia
ASTM C944 YA Tex) 0 &l yzl ¥
(1444 ASTM)
(Y++4 ASTM) = 50ls ASTM C597 YA Veoxeexon ¥

LA ol
1

SONA+50SSA |50NA+50CSA 100SSA 100CSA I 100NA
| 1 I

.._—_.._.=.

,gu,-ift,,.st.\;,,a,\?,u XU

04 VY 5l ot 5 oo 2l e Jlo (JB g Jo> slac o ) (owaige



(1999 ASTM) ASTM C944 5 Ikl b Golhas 2ol o&auws ¥ Jss

Slad gas o8 3l 0L il il o O Olpe S
G S Glos Sl 3l e 5V 5 o4 e wlaSEs 51
Sl 5 e ol AU b glad gl 40 s
N oyl & L gladsas ls e
RIS PP ER LI PP PPN PRV I ey
e S« SV sh o)l e ls 1) el o 2y
B 5 e ool 4 Sond SoES 5 53
S S Dol OF Sl el antle (gbadi sad ¢ b
S s dzih LaliKa Koo slad sas 40 S
s 5 5 s e (5ls s 05l e glailaSins

L35 Y g8 o5l 4 Cd S
gP RS Oy bl @\b Y-¥

Sladisad o e 0350 JS5 s gai 4y 4z 55 L
330 55 Jsene 5 (Slad pad ile pdows 1A b
Dl Sl a5 Lo oS e e SRS O

.N}s o)buwa “ CMM.’ 6}-&.:4 U’W Q)} U

@L‘b J.:\:J 9 o r Y
el a3l s A-F

IS s e 5s (odlal) o Slsy bl e

RS IS WA B QLJL.: ¢

Slump (mm)
B o -2

ol 6;{)‘.\4\ gﬁ.,.a}’\-w‘ @L‘b k3 ‘.}g..l

g5 ol Olse Jod 5l ilisee Jolss w2 o2 S

kf:JSJS‘;‘ 4.:.\.“ oS J)‘b ‘_;<:~u d))ﬁ‘ b‘}ﬂ Q‘J:,a 9

VT b o 9 (oo 2le oo Jlo (B g Joo lacle ) (cwaige S



APCP) jln5,0 ool s slasilos, ;o i (Swilfo Sluogas 1 (Lo 9 958 0l 1) 5,50l laaslaSs J...sb <L)l

wMWAJbﬂM‘&Ab&;\J&;LL;M
V_A&)Lié Ceoglie ' 2aS 5 3500 |, (g)Lis e glin

@3 28-Day
F g0l S S 90-Day
: \
S \ N N <
EIE B
£ SN AN PN
S NININ TN
SINNNIN |
05504t 503ay YA g L cuylie N JSKS

—a s o A el D338 4 5 e edalls
Lol ke Gl L O ol ogast
o SIS ool (glas Cuslis 3 g e e
23 1 olid sl e o)l o3Il 4 5V b oL
R D S e sl sl s 0
Jd> a e ol sl bl fls Jpese
e Do et b e Sheer 5 e S
Ol 05 b 4 i OF 2t (oL S slis
Sl o
it b (A2S Cnglin Sale3T s £V

Silesl e 53 tlesl ol s IS L Gullas
Diall b gl Sa e iasilss (ool e slis
ol Pl il e e o5l 5 SV B ool Ol
sl s, a8 S plonil Slido 55 22 S lie
el ol odalin s o)l L bl dlsiid
Ol s s (Y08 g 5 0l5)
Sl 5l elital s 53 S oy Shisy
4 g plade (228 Caaslie (il e Glosl b
Dl e S ey Gl e s BB s
YA Sl g 3¥ 35 5 s )b 60K b o e sl

333 e b SlUK b (lad god 4 5o azils
Foop oSS TRV ssd s (g Rk o et
ol SIS b gladd gl oS Jb= s iy CaSa
L) o5i o gmime i Sliel G 0L o pae
o Jal 05 b il Ctle g
Ao 2 p SAS YN0 s5d 55 o pass 055 2V
EV o )l b sla s IS s i3l S
L oladsel 5 adls yogase 05y Rlsdl Aoy
O3 bl los Yo ssd s sV 5h o)L e 41K

el ‘)49‘9ﬂ42:$;4

4000

3500

W
o
o
o

n
o
o
o

Unit weight (kg/m®)
&
8

15001

1000

T T T
100N 100Cs 100SS 50N+50CS S50N+50SS

odd wle S slad gl o geates Uy @\:3 0 IS

Sk posass 035 b s bl p gams 2

Sl Cola L 15 358 0 e 20 5Ll
Joe b etle Jos 511 o ol 0pelS L i
Lo s 3)ls (gagdome b b (0508 . US Jo |2
— o Jadl O 50alS 3 1) (oS e 5L o geasis O35
Jo= Sl Ol 335 Gl Col et js S
wgppobml el pl ol Sl asela g

Jﬁ@&)b))@}bﬁjjﬁ&‘j

Gl caglie iobejl Ry

) VT b ot 5 oo 2le oo Jlo (B 9 Joo o le ) (cwiigs



28-Day
90-Day

Flextural strength (MPa)
o

DU
70
0000000000000
MMM
0
000000002
MMM
700002

N VIN VIN VN V2

100N 100Cs 100SS  50N+50CS 50N+50:

w

S

ﬁdudﬂ PO u}w@wA }S.«"'

el Coglin bl s Y

o by ol Ol ues @ IS0 L Gl
dny p S YVE Olsn ¢ pmmahons SIS b oy 40503

ISEEE (FCH I PR

4

- 100N
= 100CS
31 -« 100SS
C] - 50N+50CS
z ~+ B5ON+50SS
=2
=
=
=
14
0 T T T
0 2 4 6 8

Abrasion time (min)

s Jhale bl s A S

5 o~ o‘)L.»Jw M‘Jimw LJ 6“4;)».! LY JL}- DL

edls LSJ:AS J:'T"L‘” &;A_}u.& LJ‘YJ—Q e)LJ.J.w ‘U‘J.<~w
g;":".’.l‘"’" g:,.ﬁ‘ju;é o a)l.zj.w L;Lﬁhjm c‘;,.:_j g_}'.’.‘ L
O‘);gf"("“‘J b ol cde sl Ol a2 31 (6 e
o b A b Ol e g (S
o‘)L.»Jw M‘Jiwbdubw)JSJb-)b J;Q‘y
S Y555 oleend Gla AT s 4 e 05l
Y5h ok s s Oloss et 5 s 05l
e)bﬂbwbdubw&b@)uxﬁowub

"\"Lﬁ MLS ‘o OJLJJ»N[)LSLAMJNMWLJYJ—‘?

Olagwe e b Waej b o ol sleand (sla STy 59,
cajbﬂjdwdfkﬁ)‘rgx‘m&;wuj

Ml—ﬁdﬁ cu,wﬂ a)l_jj.w ‘J.p).\,a)-‘u

28-Day
90-Day

Splitting tensile strength (MPa)
AT S 2l W AP

-
L

24

\
§
\
\
§
D

70000

% DN
CS 100SS  50N+50CS 50N+50SS

ZAN %
100N

o
T
-
=3
=3

oot b A2S gl 3T sV JSS

e Caglie SabesT s 0

A e ool WK b slad e

530 40 5050 YA e 55 a0 1) e Cueslia
56 Sls Sy mbi b w1y ol Jes
orr o s 3513 Sillas SIS (Y414) 0,(San
g ol s el ol Gl s O 5 oS
Cins (S Slb w0 Jas b w5 Slo
o pbe L Gilae Jo 8L a5 o 50
ol sdalin Sy Sl Sy Ko pslad 53 &S s
Olagw oot o0 5,0 (ITZ) mbas Lo Sl aU s
4 et 0l S b gl 3 Gl
S sedss s e Al L baliS
Sre dbal ol Sy S s ) e
Olars oot b s o3l i (Sl 3505
EULICTR - PR WOV UL PCH L WP P Cpg et
Sal 5 Gl Viasg Sl a3 S Culs
SA Sy sk 3 S dase o 03l 3 o sl
ol el sl IS 55 (118) OiKas

el oS 051y QLES A Ji..ﬂ 3 u,:.ilﬁj‘

VEY 50l ot 5 o b e o (JB 5 Joo sl le ) (o Y



UPCP) 1535 o5l o laigilosy 5> o Seilfe Sloogas 1 (oo 5 9Ys8 0,1 ) Suipsllie laailafin 3L b5,

R e R T
L wpes O3l oS b (100SSA) 3Yj o)l
5 Ll _s (100CSA) s o)l e Ay Vo e 1S
e 53V el Dl 28 L o e

R @lsqu;yljécywﬁ

Sl p g3l mls V-¥

- Sl e gl i glie iy 4 55 gy Sl s

wjl,:,\.:; ajj) Y/\u,«.ﬂ)JASMJuA QL.:;J G_t}b ..LS

ﬁd}deﬁo%bckw.\"}s&

ang b s Cf" ol A-Y
oAb Sl Sl el s S 4 a5 L
3O N Sleo e s S ol bl
wotlo Glaz b Ols 5l s sl 5l B li 4 SGS
Sl gl 5 sl sy Aassy opl o el
OLer 5 @3beo) 'S0 s S el 4sed
333 S peeedd A = s (V004
Gy onl s eslizad alols b s calite slael
JESES-VERCINN AP R PR VO ¥ W5 Y WP RS
G35 e S dagill Ko 4 s SRl
5 Blas slie b Jslas 0sls 3 cde 3,8 e Gl
05Ses Sy $3s Sl AL ml Sla-
s ol Sl 5l ol slis 5 osdle ool
b SLS bl s sla bl a5
23 5 dlae Gap goladl 5 sl 5l C bl
bolsue = b end gl il 0l 0l ) ol

L oS35l ols Jbesl cnl s ol 4 4z S|

Bl g g sm ol 51l Ll s ls o (slaas gad s
(O S g e 1 alpe T s 4 e s
sl aals K3 5 03100 (il bl SIS S 5
s g Il 5 Cash (53 Sleanl Jidss
a5 LS b o sladiged 3 Jae lsel s
S b 2b3 s 3y S Ol el B b
Shoys Ver Ol iy sladiged 53 S glpel oS
AY S e 2ol s glaaised 53 oS L sk ST
s 0313 0L gl 3 23T plonil o g 5 Sl g

NG

8000

55001
5000+
4500+ /
40004 ¥

3500

Ultrasonic pulse velocity (m/s)

3000

1- Vikor

A VY 5l ot 5 oo 2l e Jlo (JB g Jo> slac o ) (owaige



Ol il S 0 il ax o s l 53
sk U il ool eSis 55 sy 4ol 40 b
Rl d bole k) b cp Sl 5 0n e 0
PP WY N LW WS- D BN VSR oAb (s
— oo (SONAT50CSA) s 65 o a514Kecs As 5 0

b 5 et Cglie sba bl 5 G jlas
Tl o o bahlesT 5 el 5 cn e S 65
oo Slesl ol ol sdd a § L s
S plandl 31 g ol 0 03l 15§ Jsdr s oS
Jlesl 5 Jilasl o laesls g5, ool Slkes 5

Sy i 0 s 4 ol s Glesl A s

I DAV INL M) T3

(P PR S5 i A PR

Ak e e Fbk Ol ge oyl
\ el \
v P Az 055 ¥
Y olid Cglia Y
Y s o (GRS Lo sl ¢
Y e gl 0
Y ol o slia 1
\ Cpeol B v
Y S yloa 31 boli A
Y sl CJL.m 4

S 35 dly Ml b 4y aslie Sl 5
LY b g 0k Jole s ol G s L
St 03 o sthe s Shes Ol Gl
Aoy 0 byl - b (SIS LU 5l b eds sl
S L g T S Fpew
LB =l s yoles ples 53 4 35 (SONA+50CSA)

S S 4t
el sla a3l Sl sdal sy s 4 4 55
OF 51 e 5 e sl 45 55 blizal Ol 5 oo 0l
SSle s Ses y glaa>Me LB J:JU SV 56 oyl

65.:\.4 BL) ch_L.ﬂ JJ‘JJ BL) C,.A}U.df “ Lesls g):a

VEY 5ol ot 5 o il e Jlo (JB g Joo slacS e ) (ot 1t



APCP) jln5,0 ool s slasilos, ;o i (Swilfo Sluogas 1 (Lo 9 958 0l 1) 5,50l laaslaSs )...sl; <L)l

Bl Olas 5 g}j
e wot bl b (e 0 J g

Q G 45, b gls 7 b
0.3215786 Y 100NA
0.1492902 Y 100CSA
1.1485583 0 100SSA
0.0937991 \ S0NA+50CSA
0.3584770 ¢ 50NA+50SSA

6‘,«: .0

Al-Jabri, K. S., et al. 2009. “Performance of high strength concrete made with copper slag as a fine aggregate”.
Constr. Build. Mater., 23(6): 2132-2140.

Al-Jabri, K. S., Al-Saidy, A. H. and Taha, R. 2011. “Effect of copper slag as a fine aggregate on the properties
of cement mortars and concrete”. Constr. Build. Mater., 25(2): 933-938.

ASTM (C944. 1999. “Standard test method for abrasion resistance of concrete or mortar surfaces by the
rotating-cutter method”. American Society for Testing and Materials.

ASTM C496. 2004. “Standard test method-for-splitting tensile strength of cylindrical concrete specimens”.
Annual Book of ASTM Standards.

ASTM C597. 2009. “Standard test method for pulse velocity through concrete”. ASTM International, West
Conshohocken.

ASTM C1688. 2010. “Fresh concrete density (unit weight) and void content”. American Society for Testing
and Materials.

ASTM C31. 2015. “Standard practice for making and curing concrete test specimens in the field”. American
Society for Testing and Materials.

ASTM C143. 2015. “Standard test method for slump of hydraulic-cement concrete”. American Society for
Testing and Materials.

ASTM C78.2016. “Standard test method for flexural strength of concrete (Using simple beam with third-point
loading)”. American Society for Testing and Materials.

ASTM. 2020. “ASTM D8021-20, standard guide for blast furnace and steel furnace slag as produced during
the manufacture of iron and steel”, International, West Conshohocken, PA.

Bentur, A. and Mindess, S. 2006. “Fiber Reinforced Cementitious Composites”. Spons Architecture Price
Book.

Caliskan, S. and Behnood, A. 2004. “Recycling copper slag as coarse aggregate: hardened properties of
concrete”. Seventh International Conference on Concrete Technology in Developing Countries.

Gorai, B. and Jana, R. 2003. “Characteristics and utilisation of copper slag-a review”. Resour., Conserv. Recy.,
39(4): 299-313.

Huang, Y. H. 1993. “Pavement analysis and design”. Prentice Hall, The University of Kentucky.

ICSG. 2015. “The world copper-factbook”. International Copper Study Group, Lisbon, Portugal, 64 p.

Khanzadi, M. and Behnood, A. 2009. “Mechanical properties of high-strength concrete incorporating copper
slag as coarse aggregate”. Constr. Build. Mater., 23(6): 2183-2188.

Mehta, P. and Monteiro, K. 2006. “Concrete microstructure, properties, and materials”. 3" Edition, McGraw-
Hill, New York.

Ministry of Road and Urban Development, Deputy of Technical, Infrastructure and Production Affairs. 2017.

“Design, construction and maintenance manual for highways concrete pavements”. No. 731. [In Persian]

Monshi, A. and Asgarani, M. K. 1999. “Producing Portland cement from iron and steel slags and limestone™.
Cement Concrete Res. 29: 1373-1377.

NSA. 2001. “Steel slag a premier construction aggregate”. www.nationalslag.org/Archive/nsa_steel furnace
brochure.pdf. Accessed Online: 5/8/2016.

o VY 50l oot 9 v ol o2 Jlo (J8 5 Jo ol ) (cwiige



Rezaei Lori, A., Bayat, A. and Azimi, A. 2019. “Influence of the replacement of fine copper slag aggregate on
physical properties and abrasion resistance of pervious concrete”. Road Mater. Pavement Design, 22: 835-
851.

Sayadi, M. K., Heydari, M. and Shahanaghi, K. 2009. “Extension of VIKOR method for decision making
problem with interval numbers”. Appl. Math. Model., 33(5): 2257-2262.

Sivasakhti, M., Jeyalakshmi, R. and Rajamane, N. P. 2020. “Fly ash geopolymer mortar: Impact of the
substitution of river sand by copper slag as a fine aggregate on its thermal resistance properties”. J. Clean
Prod., 279: 123766.

USEPA. 2011. Identification of nonhazardous secondary materials that are solid waste”. US Environmental
Protection Agency.

Wu, W., Zhang, W. and Ma, G. 2010. “Mechanical properties of copper slag reinforced concrete under
dynamic compression”. Constr. Build. Mater., 24(6): 910-917.

Yildirim, I. Z. and Prezzi, M. 2009. “Use of steel slag in subgrade applications”. Joint Transportation Research
Program, Indiana, 270 p.

VET b o 5 (oo 2l oo Jlo (JB g Joo laca b 5 (owiigs "



	a Master Candidate of Raod and Transportation, Civil and Enviromental Engineering Department, Tarbiat Modares University, Tehran, I. R. Iran.
	b Professor, Department of Raod and Transportation, Civil and Enviromental Engineering Department, Tarbiat Modares University, Tehran, I. R. Iran.
	c Assistant Professor, Department of Civil Engineering, Islamic Azad University, Khomein Branch, Khomein, I. R. Iran.

