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Concrete is one of the most significant and widely utilized materials in road and
building construction. The usage of colored concrete in urban development projects
can play a valuable role in improving urban aesthetics metrics. This research aims to
investigate the effect of Limonite pigment (a yellow mineral pigment native to Iran) on
concrete's compressive, tensile, and abrasion resistance, with emphasis on the
decoration of contemporary cities. In this regard, samples of colored concrete
replaced cement in concrete using limonite pigment in different weight ratios of 5, 10,
15, and 20 %. The newly colored concrete was subjected to compressive, tensile, and
abrasion resistance tests. The compressive strength test results showed that iron oxide
in Limonite pigment could increase the compressive strength of concrete. However,
the results of concrete tensile and abrasion resistance tests show that adding 5, 10,
15, and 20 percent of pigment can reduce tensile strength by 4, 8, 19, and 29 % and
abrasion resistance by 9, 19, 28, and 38 %. Therefore, colored concrete with a 15 %
Limonite pigment rate or more; should be used to optimize urban decoration or
ornamentation like flooring, urban elements, and urban passages. In this case, other
pozzolanic additives such as micro silica, fly ash, steel fibers, and polypropylene
should be utilized to increase concrete's abrasion resistance.
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Figure 1: Examples of the use of colored concrete in urban spaces [17].
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Table 1: The density of mixing materials.

Cement Sand Ballast Pigment Water Lubricating
Materlal

1 SH 1280
2 LI-5 % 421715 1280
3 LI1-10 % 405 1280
4 LI-15 % 382/5 1280
5 L1-20 % 360 1280

720

720

720

720

225 4/5

22/5 225 4/5
45 225 4/5
67/5 225 4/5
90 225 4/5

inley] 8,90 (sladiges slal g sl g o, lailiwl Gl ¥ Jouo

Table 2: The basis of the standard, number and dimensions of the tested samples.

Determining the compressive

strength of concrete RSN
2 Determination of tensile strength ASTM-C496
3 Concrete wear test ASTM-C779

- standard number 7-day sample 28-day sample Sample dimensions (cm)

15x15%15
- 15 15%30
- 10 5x10x10

Al gandls Glasin ¥ Jgus

Table 3: The characteristics of aggregate granulation.

. . . . The weight of the remaining Materials remaining on the Materials passed
Sieve No. (inch) Sieve Size (mm) material on the sieve (gr) through the sieve (%)
34" 19 0 0 100

1.2" 125 90/5
4 4.75 210
8 2.36 1745
16 1.18 156.5

30 0.6 124
50 0.3 1185
100 0.15 81
Pan - 4/5

AloKoaw (30,5 SSD — i
09y el YT oy gt 5l o (Bpan slailbb Siw don
5 oloa s z )3 O 5l el Y cndS 5l am 5 oo jgabge Ol
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a0 V) sleo jo ' S Sis 0 s Sila8 S 18 e Gl

IV ] WloasT,s "SSD > 4y ol 5 il

1- Oven
Sas oodan b glosl dalie b aloSen - ¥

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
4/5 0
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Figure 2: The linear curve of granulation.

awle o5 Jgoo :F Jgazr
Table 4: The Softness Modulus of Sand .

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

Single Sieve
210
1745
156.5
124
1185

81

864.5

Total Sieve
210 24.3
384.5 44.5
541 62.6
665 76.9
7835 90.6

- 198.9

2.98=100-+298.9
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Table 5: Details of special weight of aggregates

Bulk SPECIflchI’aVIty Apparent Specglc Gravity Materials
kg/m kg/m

1945

1980

ERTRE R SR ¢

suiiS gy 39d — Al

SehS 9,5 (b al p oSy, 398 (So938 5 Srea o
Jlas S5, a5 (ASTM C107 3 ASTM C494 o lasbiw! 5.b) ' 5l
DIYerY] el oas oslil wls sloged & Jile

Cagoad Bl0SS ) = ©
ool J5 game alaSs ;) gt ol (o eadoslaiunl i X,
sosl iz (ol il (o9 () 4SS lgie 4 (Suiged)
‘59)_.49 4.:‘;)&.:) 6:[.\.0.;...: Slastie (Y‘ JS“J) Sl 00l C‘)ZA-AA)‘

Sl 0als GIIY Jgaz jo

1- PCE
2- Limonite (Fe203, H20)

1840 Sand

1825 Ballast
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Table 6: Chemical characteristics of cement, (Source: www.neyrizcement.ir).

3 0.7 0.5 0.5 66.7 2.7 0.9 6.3 41 22.7

(Legard) Gile J5 @SS, plands Sliogas ¥ Jgao

Table 7: Chemical characteristics of Limonite Pigment

26.91 49.54 6.01

0.25 98.46

(aigadd) il JS a5, ¥ IS

Figure 3: Limonite Pigments.
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Table 8: Fluidity comparison of sampled mixed pastes.

The name of the sh LI-5% LI1-10 % LI-15 % L1-20 %
concrete plan
91 82 70 55 40

Concrete slump/mm

100
80 91

82

60

40

20

70

55

40

SH LI-5%

dlie 3,50 Slabslie £k Sy amlie :F JSb
Figure 4: Fluidity comparison of sampled mixed pastes.

LI-10% LI-15% LI-20%

L1-20 % Ligle 7 b coodlul : S5

Figure 5: Slump mixed designLI-20 %.
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Table 9: Results Comparisons of compressive results of concrete samples.

Age of the sample pushing resistance Resistance growth
Row Design name
16.8 -

7 days
1 Sh

28 days 25.1 -

7 days 17.4 3.6
2 LI-5%

28 days 26.2 4.4

7 days 18.2 8.3
3 LI-10%

28 days 27.3 8.8

7 days 16.2 -3.6
4 L1-15%

28 days 24.1 -4.0

7 days 15.6 -7.1
5 L1-20%

28 days 23.0 -8.4
30

25

megapascal

7 days 28days 7days 28days

SH LI-5%

27.3
26.2
25.1
24.1
23.0

2

0 168 17.4 18.2

: 16.2 15.6

15
10

5

0

LI-10%

28 days | 7days 28days 7days 28days

LI-15% LI-20%

P L;LMJ,.QJ L;)L.'Z.é C~e5L§.o CJL“.J wLa.o b4 lS.w"

Figure 6: Comparison of compressive strength results of concrete samples.
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Table 10: Comparison of standard deviation results and coefficient of change in compressive strength of samples

cvoo | S| varae | e s pstin
1.822 0.306 0.093

1.054 0.265 0.070 25.1
0.880 0.153 0.023 17.4
0.440 0.115 0.013 26.2
1.146 0.208 0.043 18.2
0.366 0.100 0.010 27.3
1.980 0.321 0.103 16.2
0.635 0.153 0.023 24.1
1.337 0.208 0.043 15.6
0.663 0.153 0.023 23.0

Pushing resistance (MPa)

Sample specifications
_c | s | A

16.5 16.7 17.1 SH (7 days)
25.0 25.4 24.9 SH (28 days)
175 17.2 17.4 L5 % (7 days)
26.1 263 26.3 L5 % (28 days)
18.0 18.1 18.4 L10 % (7 days)
27.2 273 27.4 L10 % (28 days)
16.0 16.6 16.1 L15 % (7 days)
24.1 239 24.2 L15 % (28 days)
15.4 15.8 155 120 % (7 days)
23.0 229 23.2 L.20 % (28 days)

oile S5 alaSs) gl oS i sbdiged (6,Lid Caglin Liowiw (Y KB
Figure 7: Measurement of compressive strength of samples of cubic concrete with Limonite pigments
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Table 11: Result comparisons of tensile strength of concrete samples.

Age of the Tensile strength Resistance
. sample growth
. __-

Sh 28 days 4.8 -
LI-5 % 28 days 4.6 -4.2
LI-10 % 28 days 4.4 -8.3
LI-15 % 28 days 39 -18.8
LI-20 % 28 days 34 -29.2

lodiged (il Cuoglie 10 s g b g o lailkiul Gl il gl duglie VY Jgus

Table 12: Comparison of standard deviation results and coefficient of change in tensile strength of samples.

tensile strength (MPa)

CcV% star)de_lrd Variance Average tensile Sgr_npl_e
deviation strength “ specifications
1.195 0.058 0.003 . 48 48 49 SH (28 days)
3.297 0.153 0.023 4.6 4.6 4.8 45 L5 (28 days)
3.936 0.173 0.030 4.4 43 43 46 L10 (28 days)
2.986 0.115 0.013 3.9 3.8 3.8 4.0 L15 (28 days)
1.715 0.058 0.003 34 3.3 34 34 L20 (28 days)
6
4.8
5 46
4.4
3.9
4
3.4
3
2
1
0
SH LI-5% LI-10% LI-15% LI-20%

i Gldiges cinS Cuglie gl dnnlis (A S
Figure 8: Comparison of tensile strength results of concrete samples.
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Figure 9: Measurement of tensile strength of cylindrical concrete samples with Limonite pigments.
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Figure 10: Preparation and cutting cube samples to 5x10x10 cm for abrasion test.
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Table 13: Result comparison or samples containing Limonite pigments after abrasion test.

Design name

S
@
1

Age of the Abraded weight of | The worn weight of Improved wear
" Average .
sample the first sample the second sample resistance

Sh 28 days 2 2.2 2.1 -
2 LI-5 % 28 days 2.2 2.4 2.3 -9.5
3 LI-10 % 28 days 25 25 25 -19.0
4 LI-15 % 28 days 2.6 2.7 2.7 -28.5
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Figure 11: Comparison of weight reduction or samples containing Limonite pigments after abrasion test.
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