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Concrete is one of the essential materials in road and building construction. The use
of colored concrete in urban design projects can play a significant role in making
more elegant Iranian architecture and Urban projects. This research aims to make
turquoise-coloured concrete for the construction of concrete sidewalks, and for this
matter, the combination of two blue and green pigments was used in a ratio of 70 to
30 percent. Then, pigments in various weight ratios of 3, 5 and 7 % replaced a part of
white cement in concrete. The tests performed in this research included slump,
compressive strength, tensile strength, water absorption in hardened concrete and
abrasion durability. Also, The behavior of colored concrete was evaluated and
analyzed using the deviation indices from standard data and the economic index. The
microstructure of concrete samples was also examined using the SEM method. The
results of this research show that using turquoise composite pigments will reduce the
resistance of concrete. Using 3, 5, and 7 % ratios of pigments in concrete causes a
decrease of 7.6, 7.12, and 8.25 % of 28-day compressive strength and causes a
decrease of 8.23, 9.42 and 59.5 % of the abrasion resistance of concrete. In
conclusion, it is possible to use concrete with turquoise pigments to construct
structures such as urban water fountains, urban statutes and city walls that perform
environmental graphic functions.

*Corresponding author: * MGolshaan@tvu.ac.ir

_@
This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/1735-8779
https://portal.issn.org/resource/ISSN/2383-2169

WWW.CSL.ICIC.aC.IT s (ow giwd

- VoXatYe F(IFY) A /S5 596 & i
S5, o iningls ¥ ( )i / ;"us;s. 9pole ool 4 pld
’ gy o £g

3T (g

A
e
¢
A (glos r:"
Joumnal of Color Science and Technology

WWW.jest.icre.ac.ir

9 Syloxo yo eolaiuwl 090 (im0 8 Ld SHg p (slojgmd A0S Hlado Jib

&l 6wyt

" Sl L joges T S Lo j3 g0 Mol (29 3oy

VERVEVVYY 1 s el 8 sy 5 atb olS2ils 3l 5 6 o 03,5 ciape =)
VERVEVVYY &g ol ) sy 5 (ocb olS2ils 5l yoe (pomiign 95,5 oatye Y
VERVEVVYY s el s ecshd o 5 (o5 ol2ils et 5 6 lams 05,5 owyie Y

29 ) ol oo ol GlaiZls 5 0], 0j5> 0 pali pllae 1 S b
A ] 5l 5 Sylano Sl L Oepr )0 Wi oo 500 (b sloofs
olro b gl pl8 (slojg 8 i CSl Suo b Gz ) jo Sl 4SS i
aols] o 0,5 ooldtwl doyo ¥ w0 Ve Glico 0w g ] 4I5S, 50 oS i
9w Gloww I iz 50l do,0 V5 A N il g slocead jo 40 S,
Coglio i lid Caoglio ccwodul Jolis i ol ,0 48,5 ploi] slo iulo;] .0
Sl jphite 4 izmas Sl o (cile plyo 5 oS S G 0 of o it
5 woladdl jazlis Loools ;Lieo j/ Sl =il slo ol i ;| S, G b8, b, s
oLt/ SEM poliws g, jl o slodipad Cenki L5l o) Sl (1o izeas
Sl (slojg i (S T DS, Gl oolain] 45 ol Glid gz ol gols . Cawl 00l
Ao, Vad o sloca i jloola il 45 5,0 b 4y i s 0 Cuoglio ials
Ceel goja, Th g,Lis Cooglio do,o TAA TV FY Liols cel o 0 4 S,
b J Sliem el 3550 5 vl glio 0,3 01,0 5 FFLA FFA ol
A4S (s ppd 0)lhr g sy Lot daio] jlai loojle cl yo (slojg b LK,

Dgod odldin] sy 3 o SIS 0,507

Alio wleMb|

llie dazs

VENYY bl o &b

VE VPN sl Rl

VFV A (Sig oSl O jgo dy (o yiws o
YYYO-AVYA : ol Ll

YYAY-YV P 1 g xSl LLs

DOR: 20.1001.1.17358779.1402.17.3.2.5

i gls’ slaojly
Slojgnd o
$)Le8 Colie
S Ceaglie
il Coglio
ol oix

L_g)Lo.:..o

*Corresponding author: * MGolshaan@tvu.ac.ir

_@
This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

V-0

laiig | kil slacin s g ol 4 il Slais
3 S5y 5l eolaiwl mSTa s 0ed oniligy LB awg o S50,
e slaly 4 sgamme day 4 b (6330 10 ()8 51 Slnl 55lene
4 Solene SLSP p A (K) el sl plie g szl (gzeen
S5 ON=V0) el s g s 153,52Y 2l wslojsnd o
9 S92 Sl g cnbed il 5 5y el (S5 slojg
5 oy Slaol ) (50 0 45 el Syl s ls Kin
o gl 5 0+ Conl 42315 815 hoas Sl oS 6 loxe
B 5 Logs o 0108 5 (55, i 0js> )0 alasies
w5 S 5551 Lol (Ve Yo V) ol o ool lal )0 (600
SrlSilered 3 Srlons Sl ez e () Olgre @ Slojepd ) 4
yolre slo g (S) 2l ague po ol 02,5 5 (S5y o 0j9> o
Lol 0als )l

S5 90 4o i beails S5 eolarl 3l B L (S5, b
Ny b (o sl ails Ky adgi b s e 959 Sehas g ol
O0F) S5 13 o5 i cllnn JLss 5 (sl o0 S 5 52
b Wl S5, D)s ojlail pygzmen Jalse (i 505 555 sl
LoaslsSiw ohg gl 9 ol Gl ol 035 hans 9 Lsle
OO (5558 Oler ) Geizren (VY) 308 o0k Sl 23U
Laasilocss, Jlafe jo b 2 s ylogw ;00,0 g0l 50 o
Olos )3 (Hy 0,25 o0 995 A 0 Ky i il ol
o S AN, S5y Rk i A Gl 4z e s S
i Ay 53l Ll (S5, 5 a5 g, ) 9,5 on 095
Al ogd oo adlsl bglius 4y Jlul 44 6o S5, 5 0,105 Jgone
AASHTO M ASTM C494 claaabipyl o Slol3l ann sl
5 5 OA-YA) Wis— cyle, ASTM C 979 5 ACI 303 .194
S5bisn 25 3lym ol Syl balss ot

Seoys e Sl ieS il (S5 gy YA (55Liad Cueglie )
YY) ail (5 ($9958 (ae) ol diges Cunglie

FoSbplp b 5o WloSS, Sl eslital (e o i
() 22l Gl py2 (Si9 203 V-

5 Foore o b i wlgi oo () 50 LIS )b Y
(YY) 0l ACI-211 i, (bl

S Gl loslinl (i S5 kS Bl ¥
(Y V) 005 oo dpogs

ASTM- o lsliwl b gudaie b oolawl 5550 sladilo S O
05— oolainl i ok danle 3l el jigy yuizmen aail C33
(YF)

(YO) ail yo o Ve o EVY S5 i oodlul 0guss

Koo 515 s dogd ey (6 2y 55, CeneS ialél (gl Y
5o asbSw Ol Qa9 90,5 oolazwl Sz Mals ails

Gl 63w s 9 (S loxo ) 0Lkl 3 )90 (3l (5548 LB 399 13 Slojg pud QlaSs ) Hladio ,u5b/ Ybhlsen o 33 yd9c S 5

doddo =)
S amd s i b o el Sleztlo plas o5 ST o
Cxico ;o (Sas Sl plas glel S 5l as jo slbas sga>
o li slaojlw ones jo ap0 oo S i 1) leisle g ol
5 SRS slaldd (oogs Lol da gledlda fy (y92en (500
= ogdle 45 0gl e oolaiul il B le Cats o piren
i 4SSl Lo S oo gl 55 1, (ol (sles (2 (slojls 3,518
L cge 993 Sgaomel (K5, b g 092 () alamly 4 (K,
Wz 5SSy R e b et sbebe ilule g e
Slexbs g ol 0592 0 Slindod (ngs slag b alex 5l 13l ans
Gy b 5 () o plel Sl 5 el 95h e g
P LOT) 3,5 )18 4z g5 3590 Senl 00l cge (] G )8
45 0h peply S gt i5h9 0l sla et Slate 5 Leww 40 )38
adsie a5 0 Slajlugidbe (B0 S preal 5 600 Ol
S5 e sleaz 5l (S0 S5, lanils (618 ar g S,
ol Cel g aisu oo ploli 1) (6 e lalad oS coul (6 0
S S, (FeF) 05b o s 08 (S0 @b 5 S
9IS (o0 S5 S xed (b (el ol @ &5 il gla Sy
S orSe soba b yaebn g (Plb AS slagiagh o
Coaiyl (Jlo aindd 1)) b aali 0539 .(D-V) 09 o0 00 5 pb X,
4o g azg pace 4 o)Ll (g )lons calis 4,85 VIV o)let)
Sl g Solere )3 Slnl Gilone S5y Sl 030 (SBgel 2
Ly oas0 dlae el copanl yy oo laS 315 ol yolas
e (A Q) ol atils o ST Gl pl sesr (S5, <l 5l (gineo
P Fos 95T pomen SLRash 1) Ol il 5 sslene
Ol slos,baxs (2500555 0505 50 Tl g Se) 570
Vb sl ol 6 lons 1o K, 5l eslinal (1) wlesls glx
S YV Jlows sgam ¢ ladlloygo 50 Jline (laie 4y o)l
=l LSS, 4l byl 5l Jedslear Slys%s sla 5o 9Dk
(e VY 58 1ol L5 wSlal 51 ey ansl 00t 00l s 5
oo 5 Lasls 55, el a3l 5 Bis oyl o ylae 5l Sl
Golorn 10 ;) oazme (630 VO (4,8) (5 5005 0,90 0 Lol 0l
Lol 1o @3y52Y ol 5 6lojsred GlacSs) 5 o slsl il
d5ho 0)50 10 b ool dgiie 0l y85T domie (gzmen bl
9k M Sl 5oy 055zl 4 ol nl g leme 0 S5 5l eolasul
0 s olgS (Fhe 50 gy jlugiSle 4 bled ey (LU
S3155 Srgme S g il com 3l s (5 jlona b e

1- Architectural design (Ad)
2- Arthur upham pope

3- Tom porter

4- Lois swirnoff

PoP-PY KOEY)Y /55) 609U 9 pgle (ole a3 it



Gl G s 9 (S)leso ) 0 Laiunl )90 (3 (55348 SO 339 22 Slojg ud Q31 ) Hladie 3G/ Yo o 3 ydge S )3

S lwn, @olop e 5 golaidl jazls deosls [Lso 5l Gyl
S 45903l YE jolaie ol sl .l (SEM uSe) (yis
w035, YA 5V 6,Lid Conglive (yemnd (lps 6o ol 1OXVOX10
Coglia fund (5l (6 e il Yo XV O (glaslgiul aige;l VY
Sl el VXY e x) e (oaSo digeil A wojs, YA o248
Wges A 3 g (CeelVY) argil g (aido Yo ) adgl Ol L s
b el GesS sln 059, YA (6 te (sl 1o X) X ¢ (a8
72 Sl 88 5 )ltd Cuglie GhalesT sl s le o
35 513 Glesl 9)50 9wt b ilise (w3 digesl A iges
b asdyS Sl o ales cesglio e 4 ol @l (e Sike
ol o 99 & gl 50 ool Cunglie Galojl sl (pizpen
528, 518 Gl o8 0l s g a5 (00 o0y ) s
ad)S s ool samle (59 Olore 4 0ol sule ()39 (eSles
4 bgsye o laslinl g iulejl oy, dadige;] g9 gy eolani 0l

ol ) Jgaz illae LS

(YFYY) 005 bl LMesl )b Sl

Sy VY- )l s‘_ri’i) O Lf;b) (5‘)_1 )Lu 3,90 s_j )L\.S.c A
(YA 355 yiien (S5 (599381 (ya) walds wges Ol e

o Glograd ga o Sy 5l eolar il L35 pols imgh jo
Ol ) ol (alesl 5 sanlllas a4y g o (o0 (Jsone o5 &
(‘S‘W O IXSPVES W 4..1}.0.: "i:‘. 9 = 4.3‘.}&) o )0 N 9 "IN

Ll 0als aslo

&7 R =Y

P bojT 4ol yy )Y

ook Tl JSase o el Gl ol Gricw oSyl asli
Sinlosl Jalis sois plosl wlsglej] .ol aigo3l OY 4 LDl
S o ol i (88T Cunglie g Lid Canglive (i Dl
ol oas ol slo Lol ppizmad <ol (52 sles plgd g 0

L2 Sl 3lo st 5 s ilome 53 slojg i S5y 02,18 51 pladigas ) S

Figure 1: Examples of the usage of turquoise color in Iranian architecture and urban design [5].
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Table 1: The density of mixing materials.

Sample
- Experiment Description Standard No. 7-day Sample 28-day Sample

Concrete slump ASTM-C143
2 Compressive strength of BS-EN-12390
concrete
3 Tensile strength ASTM-C496
Water absorption of
4 hardened concrete ASTM-C642
B Concrete abrasion test ASTM-C944

fresh concrete

12 12 15%15%15 Cubic
30*15

) = cylindrical

- 8 10%x10%10 Cubic

- 8 10%x10%10 Cubic

FHE W 644-.’43‘° Olasin Y JS"\’.

Table 2: The characteristics of aggregate granulation.

Sieve . - . - Materials passed
NoI Sieve Size (mm) The welght of the remaining Materlals_remammg on the through the sieve
. material on the sieve (gr) SEVECH)]
inch %

3.4" 19 0 0 100

1.2" 12.5 90.5
4 4.75 210
8 2.36 1745
16 1.18 165.5

30 0.6 124
50 0.3 118.5
100 0.15 81
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Table ¥: The Softness Modulus of Sand.

Sieve Sample The weight left on the sieve Remaining Sands (%)

Single Sieve
4 210
8 174.5
16 156.5
30 124
50 118.5
100 81
Pan -
Sieve weight 864.5
Soft modulus
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Total Sieve
210 24.3
384.5 445
541 62.6
665 76.9
783.5 90.6

= 298.9
2.98=100+298.9
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Table 4: The Aggregate of specific Gravity (Density).

Bulk SpecchGrawty Apparent SpecTc Gravity Materials
kg/m kg/m

1945
1980

1840 Sand
1825 Ballast

Sy & e Glerw oleend JLSLe D Jgo

Table 5: Chemical characteristics of cement, (Source: www.neyrizcement.ir).

LOI IR NaZO KO CaO 503 MgO FE»O3 AL;O3 SIOz
% % % %
66.7 22.7

Table 6: Characteristics and main constituent elements of pigment.

41 7 11 6

6.2 5 =

Green

3.2 74 Blue
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Figure 2: used pigments before mixing (azurite on the right, iron synthesis on the left).
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Figure 3: Slump design of the tested mixtures.
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Figure 4: Slump values in each of the concrete mixes.
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Figure 5: compressive strength test of cubic concrete samples of 7 and 28 days for turquoise concrete.
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Table 7: Comparison of compressive strength results of concrete samples.

Increase strength Age Name Row

% MPa

- 1.19 7- days
Control 1

- 3.28 28- days

-9.7 6.17 7- days
Turquoise 3 % 2

-7.6 4.26 28- days

-3.18 6.15 7- days
Turquoise 5 % 3

-7.12 7.24 28- days

-7.38 7.11 7- days
Turquoise 7 % 4

-8.25 21 28- days
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Figure 6: Compressive strength test results at periods of 7 and 28 days for control and pigmented concrete samples.
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Table 8: Comparison of the results of the standard deviation and the coefficient of change in the compressive strength of the samples.

Pressure resistance (MPa)

Specifications of

The average

samples st nd 3rd
1t Sample | 2" Sample
Control (7 days) 18.9 19 19.4
Control (28 days) 28.3 28.3 28.2
Turquoise 3 % (7 17.6 17.4 177
days) ' ' '
Turquoise 3 %
(28days) 26.4 26.5 26.2
Turquoise 5 % (7
days) 15.8 155 154
Turquoise 5 %
(28days) 24.8 245 24.7
Turquoise 7 % (7 11.7 117 116
days) ' ' '
Turquoise 7 % (28 21.2 209 208
days) : : :

mprestve, | Varine | gandare | costtor
samples
19.1 0.07 0.268 1.385
28.3 0.0033 0.058 0.204
17.6 0.0233 0.153 0.870
26.4 0.0233 0.153 0.579
15.6 0.0433 0.208 1.337
247 0.0233 0.153 0.619
11.7 0.0033 0.058 0.495
21 0.0433 0.208 0.993
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Figure 7: Measuring tensile strength of cylindrical samples containing turquoise pigment and control.
Table 9: Comparison of tensile strength results of concrete samples.
Sample Age Tensile Resistance Resistance change
e

1 Control 28 5.2 -

2 Turquoise 3 % 28 4.6 -11.5

3 Turquoise 5 % 28 4 -23.1

4 Turquoise 7 % 28 35 -32.7
6

5.2 Tensile Resitance
5 4.6
4
4 3.5
g
s 3
2
1
0
CONTROL CYAN-3% CYAN-5% CYAN-7%
i Gldiges paiS Cuwglio gl dwlie g (ioviw (A JSCB
Figure 8: measurement and comparison of the tensile strength results of concrete samples.
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Table 10: water absorption rate for control and pigmented concrete samples.

st | veionor
Mixing Weight of sample Saturated
Row dry sample sample
plan (Half an
gr hour) (72 hours)
gr
gr
1 Control 2035 2095 2130
2 TUAOE3 gy 2168 2195
0
3 TUOSES gy 2196 2220
4 TUAOSET 995 2304 2331

Percentage Percentage
change of half- g
change of 72-
Water Water hour water hour water
Absorption Absorption absorption absorption
(half hour) (72 hours) compared to P
compared to
% % control
concrete control concrete
%
29 4.7 - -
2.7 4 -6.9 -14.9
25 3.6 -13.8 -23.4
2.1 33 -27.6 -29.8
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Figure 9: Comparison of water absorption of all samples.
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Table 11: Comparison of the amount of abraded weight of all samples.

. Average Abraded Abraded weigh Abraded weigh 1%
Abrasion Rate . nd
% weigh 2" Sample Sample Name Row
gr gr gr
- 21 2.2 2

Control \
Turquoise
23.8 2.6 2.7 25 2% A\t
Turquoise
42.9 Y 2.9 3.1 506 Y
Turquoise
59.5 3.35 33 34 7% ¢
Percentage of Abraded weight
60 o
59.5
v 429
40
X
W 238
20
0 —o
CONTROL CYAN-3% CYAN-5% CYAN-7%

ialesl 0550 (sladigas il plgd anslia e JSCi
Figure 10: Comparison of abrasion durability of tested samples.
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Figure 11: Pictures of the steps of concrete abrasion durability test.
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Table 12: Comparison of the economic index based on the construction cost of each cubic meter of concrete/28-day compressive strength.

Economic indicator

Compressive Cost of Concrete Per Cubic
strength (28 days Meter

MPa Tuman

28.3 1.708.000 Control
12.5 26.4 3.303.700 Turquoise 3 %
17.6 24.7 4.367.500 Turquoise 5 %
25.8 21 5.431.300 Turquoise 7 %

Material cost definition

Super Lubricant

108000 (Price per Liter)
Iron synthesis

120.000T (Price per kilo)

120.000 T Azurite (Price per

kilo)

white cement

1800 T (Price per kilo)
Sand

190 T (Price per kilo)

215 T Gravel

(Price per kilo)

L*a*b*C*h 5, slcaaS Y Jouo
Table 13: L*a*b*C*h color quantities.

7 72 -24 16 29 147

5 80

Turquoise 3 82

-21 17 27 141

-18 19 26 134
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Figure 12: Scanned electron images for understanding structure and hydration products [source: authors]Needle-shaped ettringite (Et), calcium
silicate (C-S-H), void, lumpy, crack.
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