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Colored concrete can be an effective tool for improving visual readability in urban
design projects. The present study aims to conduct a comparative study of the effect of
chemical, mineral, and composite pigments on the mechanical properties of concrete,
including compressive strength and slump, to utilize colored concrete in urban design
and landscape. In this regard, experiments were conducted on concrete samples with
chemical pigments (in red, yellow, green, and blue), composite pigments (turquoise),
and mineral pigments (limonite). The results of the experiments show that adding
pigments significantly affects the flowability (slump) and compressive strength of
concrete. In particular, the use of chemical pigments reduces the flowability and
compressive strength of concrete, with the reduction more evident at higher pigment
percentages. The yellow pigment had the least negative effect on flowability and
compressive strength among the colors. In contrast, limonite mineral pigment
increased the compressive strength of concrete, especially at 5 and 10 % percentages.

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

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


mailto:FAvaznezhad@tvu.ac.ir
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 WT (ow giwd

g e el YPAYYe o (1FF) 11/, 5,4 i
S5, o iningls ¥ ( ): / ;"55)9‘ 9P ok s g
’ gy o £ g

3T (w yowsd

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

WWW.jest.icre.ac.ir

9 P ol A, Ly (55 (i Sly 9 led Cwglie (mdai s lio
S Jhio (>lyb 0 (5yl0 oS W1 glewly jo (oS

Tyl Jals TS Lsjgeme ol (pge oy (Sl Lo jues

VAMBTVANY 1 S sl s oy oKy e lams 5 i dSld ol s 09,5 o6 s Sl ysa Sl 5 oy s ) sl (g5l )
VEYOVEVVEY 1 S il e 8 oo (oo oSty s lamo 5 ) yae omsnkiden 00Siiloncs sl s 5 (6 ylons 09,5 «atye -

VEFOVEN VPV 22 aS sl st o lae (oo oSl ecsylome 5 (o yae omsiigo oaSiiilon sl yae s 05T oz2ye Y

VAMPEVRNY 2 s el s <5l olK2ils s lamo 5y 00l o83t 09,5 o oolil _F

L&) sl do LI ) [i] Slpis s Al o 54 b slocisn 0 ST Y
P sl (i 0 Bl g5 S 0,8 5 oliin] 090 (o)l (U5
Coglio Jold i (Sl Ko sla Thg o (T 5 (Fhro s bond lodiD K,
ol £ 5045 ke 5 (Al 0 Ky Y S ST ortr ssbiets S, 5 5yLiS
Lo, ) o oo Sy b 5 (slodigad 55, p lasilej] el ol o
(Copar)) deo (SN 5 (Shojsped) sou i Sloalo) (] 5 s ey jo)d
et Il Il DT, 055 45 Ao o i Lo iolej] gulii .ol 0l ol
alS cel b slodilo Sy jl oolizul wiigds 0,0 i (5 lid Cooglis o Ly,
o=l Loado S, 5YG (slodc,o jo 45 (5 sbas s co 5 (5, L8 Cuoglie 5 Ly,
o by it s 2 UGy ol o 3,5 T e g iy ialS
il g Cdgad (e 4K (lde o il (5,85 Cuaglio 5 Ny,

S oy e 9D glodo,s 0 ofigds (1 (5, Lid Cuoglio

Alio wileMb|

llie dazs

VEF L FNA o &b

VEF VY il &b

A FARTATAERS VEPSCUN ISPV P SRR S
YYYO-AVYA : ol Ll

YYAY-YV P 1 g STl LLs

DOI: 10.30509/jcst.2025.167588.1263

igols slaejly
SNy R

dw m‘lo;i;)
S Al XS,
o Sl

6 La8 Coglie

Sxeh &b

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

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


mailto:FAvaznezhad@tvu.ac.ir
http://creativecommons.org/licenses/by/4.0/

rol

iy e =Y
PEislojl 4ol )Y
5 o Ty o Boa L 2 aghy el 4y
5o (Jere o b OF alie 5 () slagsy 5,Led cunglie
SR S PO ORI T J SRS PRV R AN Kt
loams iolesl g axsbu ool J 7S sl p i g angd o lailin!
15 L g ACI211 aalicysl s, 5l sobil b by Lsl &b
Ll 5 o &0t @l lasin g g9 38,5 L3
A S Aged Ae olasd cggame ;0 . (VF) sl 0l (g5luaig
wils o,Lid Conglio (yym0j] plosl gl 101 XV €M ol
dals sbasge 9 () o 5l plediges Jold slows oyl loas
YA 5059, ¥ s 99 0 Waasgesl (LSl 2, by (sl wilio
bt agesl i o (sl a5 slaisTay wilonss (alojl o3,
Ceglie lsieas @l (pSile 5 48,5 )18 (el 3590 5 a2l
laaigas cilo liim sl oad (3,155 cm o] 50 led 6,lid
Pl iy Tb
L aloond sloailb S ,) 55, i (oS dged Y8 olaws -
Ot (sl il S )3 (ol 5 e 35 408 ol
() 59, YA VY
lbormd LAl S, 3l oS 3) () i oS diged YT olawi -
(V) 5580 (oo 55 (5l (lo395e8 (555 52 958 (sl o 5 o
S5 ) 5 9 Faere iy Jeld oS digel Vo olaay o
(V) 59, YA 5V (s sl (Sdgond (Sone

1. Slump

9 (3320 ( Rloud LRI b S5 s i) 9 BILS oglie (Sialas dumlie /YHISeR 9 (Sl LS )3aes

doddlo =)

I 5l oo Ve sgas ( Sleisbe pllas o 50 )5 5 Glgreay
5 .o)lo Crot] G (6 s (Slo—w g =9 sl o ‘(_g|o)'l_w
gt 5 e (S5 b 5l rFo e b () i el sloans
500t b Silu el 9 s )lere 13 (ns 69,505 Olgres ]
Sl 0005 (6 0 slalad o3lil olo) CodsS )] crge
o st sLeojen 5l ke 5o cnl S92 L OV T) (1 JS2)
ool yolie 51 (S5 5, a5 Jlo 10 w0ald dz g eSS dlsie
Gy b ye b a  iSuCuse 9 g )l plomail ( plad ca S
OR Odg 50 (SHn Jed Game Sladila S, 595 (YY) 05 e
4 O a5, 3 ool gsmed oo Jelge (A)
uLo._w 4_.J3\ &.’) 9 Lbda‘b&w L.;)"} sul.o...u o).sj c]a.w ‘uLo_w
Sglds (50, o cSlw a3 () WIS S g ol Sy g
g0 plowl WIocS; (393N L e 5 )l (Jgome (50 b Sl
AASHTO ASTM C494 L 3 slaasl ] wleljll cole, Lol
ool coaS 4 olows sl ASTM C979 4 ACI 303 M194
Coglie j0 (Bras A, e g Lice (g8 0,135 1 o plgs
0,18 (gloa S pad i v ol Gl g ol (i (g lid
R DL .d)‘é GJYl_i k:AA—d-A)LAAA} 6)-6,—&-1 6&&;0[5 3o as 6.(‘-9.@9.0
S92 Ll coads ploeil laaslocSs, aie) jo (goasin sloyingh
S obond Gl lojpes duslin sl aol> sladillae
J.:| MLM 9 )y ‘J.«oL’> Ry Bad . Cewl o0l d.‘:‘)‘ ‘5‘.:5]: )

- aa e - \ N . e.

o 2l sl i 6l caglie 5 Sl 5 Leailb S Gl
ol (6508 sbolad g las coiS g plgs o l.:bo]

(S slaze o S5y i sl eslail 5l oladiges 1) S
Figure 1: Illustrative examples of colored concrete applications in urban environments.
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Table 1: The density of mixing materials.

S O
o o
SN
SIS
2B

1 Control None 0 450 0.0
Chemical
-3 0,
2 Red-3% Pigment 3 435 135
3 Red5% © itz 5 4275 225
Pigment
Chemical
_7 0O,

4 Red-7% Pigment 7 4180 315
5  Yellow-3%  cnemical 3 435 135
Pigment
6 Yellow-5%  Chemical 5 4215 225
Pigment
7 Yellow79  Chemical 7 4180 315
Pigment
8  Green3o  remical 3 4365 135
igment
Chemical
9 Green-5 % Pigment 5 427.5 22.5
10 Green7%  Gemel 7 4180 315
igment
11 Blue3% Chemical 3 435 135
Pigment
12 Blue-5% CFf.‘em'C"" 5 4275 225
igment
13 Blue7% Chemical 7 4180 315
Pigment
Mineral
14 LI5% Pigment 5 42715 225
(Limonite)

Mineral
15 LI-10 % Pigment 10 405.0 45.0
(Limonite)

Mineral
16 LI-15% Pigment 15 3825 675
(Limonite)

Mineral
17 LI-20% Pigment 20 3600 900
(Limonite)

. Mixed
18 TUrduoise Chemical % T s

Pigment (G+B)

225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 8 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 3 6
225 1280 720 4.5 3 8 6
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Table 2: The characteristics of aggregate granulation (23).

Sieve No. . . The weight of the remaining Materials remaining on
Sieve Size (mm) material on the sieve (g) the sieve (%)
34 19 0 0

12 12.5 90.5
4 4.75 210
8 2.36 174.5
16 1.18 156.5
30 0.6 124
50 0.3 1185

100 0.15 81

Pan = 4.5

Materials passed
through the sieve (%)

9.05 95.95
21 69.95
17.45 52.5
15.65 36.85
12.4 24.45
11.85 12.6
8.1 4/5
45 0

A7) asle cop Jsow i Jouo
Table 3: The Softness Modulus of Sand (2).

Sieve Sample
4 210
8 174.5
16 156.5
30 124
50 1185
100 81
Pan =
Sieve weight 864.5
Soft modulus

The weight left on the sieve

Remaining Sands (%)

210 24.3
384.5 445
541 62.6
665 76.9
783.5 90.6
- 298.9

298.9+100=2.98
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Table 4: The Aggregate of specific Gravity (Density) (18, 19).
1945 1840 Sand

1980 1825 Ballast

(V) 5258 b Sloww (b S5l 10 Jou

Table 5: Chemical characteristics of cement (2).

o | [ o | ko | oo | o | wo | o | oo
3%

0.7% 0.5% 0.5 % 66.7 % 2.7 % 0.9 % 6.3 % 41% 22.7%
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1. Delta

2. Lapis Lazuli

3. Lanxess AG

4. Guangdong Kitech New Material Holding Co., Ltd
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Table 6: Chemical Properties of Various Pigments Used in Concrete (2, 7, 25).

| PigmentType | Si0: (%) Fe:05 (%) | ALOs (%) CaO (%) MgO (%) | CwO (%) Ap%e;g‘?”ce

Red Pigment
Yellow Pigment 0.5 94.0 13
Green Pigment 28.0 41.7 11.6
Blue Pigment 6.2 5.0 -
Limonite (Machine-
Processed) 26.91 49.54 6.01

0.2 2.0 - Yellow
15.3 14 - Green

9.6 3.2 74.0 Blue
10.93 0.25 - N/A

Y YaYD) o 0 oolatul 0y90 cilitre laailb s, (S058 Sluogas Y Juo

Table 7: Physical Properties of Various Pigments Used in Concrete (2, 7, 25).

Apparent Color Water Absorption Hardness Particle Size Chemical Specific Gravity
PP (%) (Mohs) (pm) Formula (g/cm3)

0.30 45-5

Yellow 0.50 5-55
Green 2 25-3

Blue 11 35-4
Yellowytecilggswnish— 05-10 15-50

Fe:0;
<30 FesOH 43
<20 Fes0q 4
<12 Cu3[OH|COs]? 3.7
<25 FeO(OH)-nH20 27-43
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Figure 3: Slump design of the tested mixtures.
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Figure 4: Slump Measurements for Different Concrete Mixes
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Figure 5: Slump Measurements for Different Concrete Mixes.
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Figure 7: Comparison of Slump Reduction in Concrete with Chemical, Combined Chemical, and Mineral Limonite Pigments.
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Table 8: Comparison of Compressive Strength of Concrete with Chemical Pigments at 7-Day and 28-Day Curing Periods.

Compressive Strength (MPa) 7 days | Compressive Strength (MPa) 28 days

C-SH 19.1 MPa 28.3 MPa Control Sample
CY-3% 16.6 MPa 24.7 MPa Cyan —3 %
CY-5% 13.3 MPa 22.1 MPa Cyan -5 %
CY-7% 10.5 MPa 19.4 MPa Cyan—7 %
BL-3 % 17.8 MPa 26.6 MPa Blue -3 %
BL-5 % 16.1 MPa 25.2 MPa Blue -5 %
BL-7 % 12.2 MPa 21.5 MPa Blue -7 %
GR-3 % 15.9 MPa 24.6 MPa Green -3 %
GR-5 % 11.1 MPa 20.3 MPa Green—-5%
GR-7 % 7.5 MPa 16.4 MPa Green—7 %
RD-3 % 17.9 MPa 26.7 MPa Red -3 %
RD-5 % 16.4 MPa 25.8 MPa Red -5 %
RD-7 % 15.1 MPa 24.7 MPa Red -7 %
YE-3 % 22.3 MPa 31.1 MPa Yellow — 3 %
YE-5 % 25.1 MPa 33.8 MPa Yellow -5 %
YE-7 % 26.8 MPa 35.6 MPa Yellow — 7 %
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Figure 8: Compressive strength test of cubic concrete samples at 7 and 28 days of colored concretes (2, 22, 23).
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Table 9: Comparison of Compressive Strength of Concrete with Combined Chemical Pigment (Turquoise) at 7-day and 28-day Curing Periods.

Age (days) | Compressive Strength (MPa) | Increase in Compressive Strength (%)
7 -

Control 19.1 MPa
28 28.3 MPa =
CY-3% 7 17.6 MPa -7.9
28 26.4 MPa -6.7
CY-5% 7 15.6 MPa -18.3
28 24.7 MPa -12.7
CY-7% 7 11.7 MPa -38.7
28 21.0 MPa -25.8
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Figure 9: Comparison of Compressive Strength of Concrete with Chemical Pigments at 7-Day and 28-Day Curing Periods.
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Compressive strength of concrete with Turquoise pigment at 7-day and 28-day curing periods
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Figure 10: Comparison of Compressive Strength of Concrete with Combined Chemical Pigment (Turquoise) at 7-day and 28-day Curing Periods
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Compressive strength of Concrete with Limonite Pigment at 7-day and 28-day Curing periods
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Figure 11: Comparison of Compressive Strength of Concrete with Mineral Pigment (Limonite) at 7-day and 28-day Curing Periods.

039, YA 9059, ¥ sloo,g0 jo Sore il 5l oolatwl b (0 (5,lad Cuoglie duslin Ve Jguo

Table 10: Comparison of compressive strength of concrete with mineral pigment at 7-day and 28-day curing periods.

Age (days) | Compressive Strength (MPa) | Increase in Compressive Strength (%0)
7 16.8 -

SH
28 25.1 =
7 17.4 +6.3
LI-5%
28 26.2 +4.4
7 18.2 +8.3
LI-10%
28 27.3 +8.8
LI-15% 7 16.2 -3.6
28 24.1 -4
LI-20 % 7 15.6 -7.1
28 23.0 -8.4
Sy 20lS (il doailoSs) YL slaao)o 50 ofigar 09l o0 Sloslisimwl Lo iy (5,008 Cawoglio Jodoni 9 (a2 = V=Y
Sl ogne 5P 9 P 2l LA,
O (6old Cunglie bS5y ol Sl oslaul b 50 8 Al S5, — S 6)Lad Canglie  caliee bbb, Sl @alllas cul o
3,5 Iy ol 0o )3 W g 1 F e 4 A a4 LA, ) ol 48,5 15 Jlod 5 oy S50
25U baslacSs, plaw S 1 alocSs, ol 1)) wlocKs,  — o s xS 5 g ke e aslians
e 8,5 Ao 5l eolawl .cuily (5,lad Cuoglie i oot ol S, -
P e,d VP gV e s 5 an o lnd Cenglae ol oo 6)Lad Caglin p oliowds sl S 156 gy p o
A5 Y 50 Y sleas,s alizee ol i sladilocSs) 5l oolatwl 45 aeo o oylid gl
ool Eel (ol g o laaslocSs ) 1 DT g e Al S5, — o= 6)lid Cnglie yialS o ge Loj.o.c (2 3 3o 355 50,9)

PEA-YV: F(1\E-E) 12/ 55) 509Ud 9 pgle (Sole d puis



w9 33320 (Lol LRAISSH b S55) i Hil9) 9 IS oglie il duwlio /YHKed 9 (ilub LS )3ues

il caslllae ol o alh i g led Cglie inlEl cge
Al sanlie 59, YA Lo JBwbKe F/F g0 0 (5,lid Cglio
U 5 Cbgad oSS j0 pal 0T 8525 Jdo 4 Gl o
sl O s el g (2 051 5 0

S 5 sl S, -Y

o G s @l GBS, oS ) (oS 5 slaalb S, il
6oLid Cuglin p bailo S, (5l oolasul a5 wims oo lis s
Cngliae il s, YL slaas o 10 o9 0 ls ate )..,L O
S 5 a5 sl esla il .acbly (gt alS i (g Les
Cnglie 1alS ozrge a0 ¥ 5 0 Y laao)s ;5 (slojs
=l Al 59, YA 0 0 0 AIYD g YINY WVIF a5y oy (g )Lid
(pizred D1 gete BAISSS, plo b awglie o iy JlalS
Ceoglio LualS 4 ouie (00,0 V) (oS 5 slaailsSS, SYL as,o
A Al diged 4 Camd a0 AIYO L (g )Lid

oolaiwl b oy (6 led Cunglin o Ol s i Lis VY S
Cglian )0 i Kbles giw o ol a5y il glsil
s g0 a5 ol (oSS, (ygay) wald diges 4 Cod (g,Lud

D9b se odalie alS Koo (S 50 5 SRl baiges

oSS, ;0 s, FY g YA Y (e 4 5 (6L Ceoglin
VAR RPN I CE SJENWIRE § SRR P aPaoen
=l I, ol slbasges o Cnglin pSa i ialS
oS ol B aleerd 5 (S5 sl S 5l (55U Vot
S e YU ohs gl 5 50, shes o5l gy T S1,3 el
o ol Cuns pals ams jo g LS Of 1 pisy wis o
tloed LS 3 rizren 93,5 (o (AU (SBn 0l 5 F5e e
SY9im e sla 18Ty WU LalocS) g9 cal 50 e » (e
(ol pegdle S o ol Glesw e b (55 cns Nigy 5 00y
i Ll 5 00 a5 5, Shos Ly oo ol Jlazs|
GialS 7 Su0 Vs 5l Wl e 55 Glages s 50 ol 3158 e
Sl Coaglin
e slaails K, -
(3,5 S5)) Cbgod 0 4 Sdre laails S, 5l eolaiul (o
2ty BB LSt Cuiged Saxe aloKs, a5 wm oo lis @l
ool oS aluS 5 s 4 alocKs;) opl o)l o (o, lad Caglie
Shoslinal o5 o (2 (5)Lad Cusli (el g ()] )3 3525
(o, Y g V0 N e ) Gl laao e jo Cuiged dlb S,

Compressive strength comparison of Different pigment Types
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Figure 12: Comparison of Compressive Strength Changes in Concrete with Chemical, Mineral, and Composite Pigments.
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Percentage Growth in Compressive Strength at 7 Days and 28 Days for Different Pigments with Standard Deviation
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Figure 13: Percentage Growth in Compressive Strength of Concrete at 7 Days and 28 Days for Different Pigments with Standard Deviation.
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Table 11: Comparison of the results of the standard deviation and the coefficient of change in the compressive strength of the samples

P compressive : standard o
Sample specifications strength of the Variance deviation CV %
samples

Control (7days) 17.1 16.7

L5%(7 days) 174 17.2 17.5

L10%(7 days) 184 18.1 18.0

L15%(7 days) 16.1 16.6 16.0
Mineral L20%(7 days) 15.5 15.8 15.4
Pigment

Control (28 days) 24.9 25.4 25.0
L5%(28 days) 26.3 26.3 26.1
L10%(28 days) 274 273 27.2
L15%(28 days) 242 239 24.1

L.20%(28 days) 232 229 230

16.8 0.093 0.306 1.822
17.4 0.023 0.153 0.880
18.2 0.043 0.208 1.146
16.2 0.103 0.321 1.980
15.6 0.043 0.208 1.337
25.1 0.070 0.265 1.054
26.2 0.013 0.115 0.440
27.3 0.010 0.100 0.366
24.1 0.023 0.153 0.635
23.0 0.023 0.153 0.663
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Table 11: Continue.

The Average
A compressive . standard o
Sample specifications (MPa) strength of the Variance deviation CV %
samples
18.9 19 19.4 0.07

Control (7 days) 19.1 0.265 1.385

T”'g“g;if % 176 174 177 17,6 0.0233 0.153 0.870

T“rg”g;fs )5 b 158 155 154 15.6 0.0433 0.208 1.337

Se— T“rq“é’;;es;% O 17 w7 us 117 0.0033 0.058 0.495
Pigment Control (28 days) ~ 28.3 283  28.2 283 0.0033 0.058 0.204
T“(rzqgggsjs% 264 265 262 26.4 0.0233 0.153 0579

T“rq“‘iji;els %@ o4 45 247 24.7 0.0233 0.153 0.619

T”Eg;‘g;;g) % 212 209 208 21 0.0433 0.208 0.993

Control (7 days) 18.9 19.4 19.0 19.1 0.07 0.265 1.385

Red % 3 179 180 177 17.9 0.023 0.153 0.855

Red % 5 167 1633 164 16.4 0.093 0.306 1.867

Red % 7 149 150 153 151 0.043 0.208 1382

Yellow % 3 219 222 228 223 0.210 0.458 2,055

Yellow % 5 253 251 249 251 0.04 0.2 0.797

Yellow % 7 264 271 269 26.8 0.13 0.361 1.345

Green % 3 157 161 158 15.9 0.043 0.208 1312

Green %5 10 112 112 111 0.013 0.115 1.037

Green %7 75 | 7z |l 7z 75 0.063 0.252 3.370

Blue % 3 174 178 181 17.8 0.123 0.351 1.977

Blue % 5 160 165 159 16.1 0.103 0.321 1.992

Chemical Blue % 7 123 119 125 122 0.093 0.306 2.497
Pigment Control (28 days) ~ 283 281 284 28.3 0.023 0.153 0.54
Red % 3 264 265 270 26.7 0.103 0.321 1.207

Red % 5 258 255 260 2538 0.063 0.252 0.977

Red % 7 248 247 245 24.7 0.023 0.153 0.619

Yellow % 3 309 312 313 311 0.043 0.268 0.669

Yellow % 5 339 332 342 338 0.263 0513 1519

Yellow % 7 358 350 360 356 0.280 0.529 1.486

Green % 3 245 243 249 246 0.093 0.306 1.244

Green %5 202 201 206 203 0.070 0.265 1.303

Green %7 164 165 162 16.4 0.023 0.153 0.933

Blue % 3 264 266 269 26.6 0.063 0.252 0.945

Blue % 5 250 256 251 252 0.103 0.321 1.274

Blue % 7 213 214 217 215 0.043 0.208 0.97
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