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Figure 1: Examples of the usage of turquoise color in Iranian architecture and urban désign
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Table 1: The density of mixing materials

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

fresh concrete

Concrete slump ASTM-C143
2 Compressive strength of BSEN-12390
concrete
3 Tensile strength ASTM-C496
Water absorption of
4 hardened concrete i
5 Concrete abrasion test ASTM-C944

12 12 15x15x15 Cubic
12 e
cylindrical
- 8 10x10x10 Cubic
8 10x10x10 Cubic

Ay ve AYA wis, pzy © «

Table 2: The characteristics of aggregate granulation

The weight of the remaining

Materials remaining on the

Materials passed
through the sieve

95.95
69.95
52.5
36.85
24.45
12.6

4.5
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Sieve
material on the sieve (gr) SEVENCDH)]

3.4" 19
1.2" 12.5 90.5 9.05

4 4.75 210 21

8 2.36 1745 17.45

16 1.18 165.5 15.65

30 0.6 124 12.4

50 0.3 1185 11.85

100 0.15 81 8.1

Pan - 4.5 4.5
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Diagram 1: The linear curve ofranulation
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Table. : The Softness Modulus of Sand

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

Single Sieve Total Sieve
4 210 210 24.3
8 174.5 384.5 445
16 156.5 541 62.6
30 124 665 76.9
50 1185 783.5 90.6
100 81 ( (
Pan ( ( (
Sieve weight 864.5 ( 298.9
Soft modulus 2.985100>298.9
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Table 4: The Aggregate of specific Gravity (Density)
Bulk Specific Gravit Apparent Specific Gravit .
1945 1840 Sand
1980 1825 Ballast

WNe Cy ©° CaeA BOMUCCGA CeéwCuCE %wa . wA

Table 5: Chemical characteristics of cemef8purce www.neyrizcement.jr

LOI IR Na,O K20 (67:10) SO; \Y[e]®] FE2O3 AL ;03 SiO,
% % % % % % % % % %

66.7 22.7

Laul ApEwaCe wCaEy % wCi AT -

Table 6: Characteristics and main constituent elements of pigment

SIOz Fex03 AIan CaO MgO CuR) ¢ awu
% %
41.7 11 6 15 3 Green
6.2 5 - 9.6 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

Resistance Compressive
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 3% 3
-7.12 7.24 28 days
-7.38 7.11 7- days
Turquoise ®b 4
-8.25 21 28 days
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Figure 6: Compressive strength test results at periods of 28raays 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) The average -
Specifications of compressive standard coefficient of

d Variance - -
samples 15 sample | 2™ Sample 3 strength of the deviation variation
Sample samples

Control (7 days) 18.9 19 19.4 19.1 0.07 0.268 1.385
Control (28 days) 28.3 28.3 28.2 28.3 0.0033 0.058 0.204
VLIS 22 (o 17.6 17.4 17.7 17.6 0.0233 0.153 0.870
days)
VLG 25 26.4 26.5 26.2 26.4 0.0233 0.153 0579
(28days)
T“rq“c?;i)% @ 15.8 15.5 15.4 15.6 0.0433 0.208 1.337
Turquoise 3%
i 24.8 245 24.7 24.7 0.0233 0.153 0619
T“rquggg)m @ 11.7 11.7 116 11.7 0.0033 0.058 0.495
T“rqug':js)m 2 21.2 20.9 20.8 21 0.0433 0.208 0.993
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Figure 7: Measuring tensile strength of cylindrical samples containing turquoise pigment and.control
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Table 9 Comparison of tensile strength results of concrete samples

Row Name Sample Age TensileResistance Resistance change
(days) MPa %
1 28 5.2 -

Control
2 Turquoise 3% 28 4.6 -11.5
3 Turquoise 3% 28 4 -23.1
4 Turquoise ®b 28 35 -32.7
6
5.2 Tensile Resitance
5 4.6
4
4 35
g
s 3
2
1
0
CONTROL CYAN-3% CYAN-5% CYAN-7%
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Figure 8: measurement and comparison of the terssitength results of concrete samples
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Table 10 waterabsorption rate for control and pigmented concrete samples

Percentage
change of half
Water Water hour water
Absorption Absorption absorption
(half hour) (72 hours) compared to
% % control

Percentage
change of 72
hour water
absorption
compared to
control concrete

Weight of
Saturated
sample
(GEUE:]
hour)

Weight of
Saturated
sample
(72 hours)

ar

Weight of
dry sample
gr

Mixing

plan

ar cor;zrete %
1 Control 2035 2095 2130 2.9 4.7
2 Turauolse3 50 2168 2195 2.7 4 6.9 -14.9
g TUAUOSS o4 2196 2220 25 3.6 138 234
| THBLEERT 2304 2331 21 33 276 298

%
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Figure 9: Comparison of water absorption of all samples

)NRi)'I @L'M&L'J A Gn@he W}ﬁé,l}ﬂ, 0V ° «

Table 11: Comparison of the amount of abraded weight of all samples

. Average Abraded Abraded weigh Abraded weigh &'
Abrasion Rate . nd
% weigh 2" Sample Sample
gr gr gr
- 2.1 2.2 2

/

Control
Turquoise
23.8 2.6 2.7 25 3%
Turquoise
42.9 . 29 3.1 506
Turquoise
59.5 3.35 3.3 34 7%
Percentage of Abraded weight
60 o
59.5
w429
40
X
W 23.8
20
0 o—6
CONTROL CYAN-3% CYAN-5% CYAN-7%

E i ¢ fwhly BEA ARG ®B 1 E

Figure 10. Comparison of abrasion durability of tested samples
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Figure 11 Pictures of the steps of concretarasion durability test
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Table 125Comparison of the economic index based on the construction cost of each cubic meter of conlangt@gressive strength

Cost of Concrete Per Cubic
Economic indicator strength (28 days Meter Name
6.0

28.3 1.708.000 Control
12.5 26.4 3.303.700 Turquoise 36
17.6 24.7 4.367.500 Turquoise 3%
25.8 21 5.431.300 Turquoise ®b

Material cost definition

Super Lubricant white cement

108.000T 1800T

(Price per Liter) (Price per kil9
Iron synthesis Sand

EARILT (Price per kilo) U (Price per kil
Azurite (Price per Gravel

DLty kilo) BT (Price per kil)

Labcth GO W GEMWE® «
Table 13: L*a*b*C*h color quantities

7 72 -24 16 29 147
5 80 -21 17 27 141

Turquoise 8 82 -18 19 26 134
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a) Control Sample b)'SampIe containing 3% pigments
c)Sample containing 5% pigments d)Sample containing 7% pigments
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Figure 12: Scanned electron images for understanding structure and hydration products [source: authos)iigedlettringite (Et), calcium
silicate (GS-H), void, lumpy, crack
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