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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

&b ran il Y
Al =\=Y-Y

4595, (y9im g Sl I iz 5l (Brman slrdslbh s 4 en
S 5585 5l (655 gl sl s JS5 (S b (G il S
heole g asloas gasnd Bas sloaloSw don (o jo
G alo K 5l solatul Slol | dan ol 004 (Y9 S 4555 10
ASTM C skl 5l ass, S, ¥ 8,lacs ol e o, laile]
Iv-] ol oas cole, [Va] (33/C 33M

OV-7Y A(NEY) Y /55) 509U 9 pgle (Sole dy puis

oFr



[AYA} wlasigon) Ghle S idmo &31aK5) b ¢yl laliw 9 S 5 Jiid caoglio (aale )T (w23 / OSeR 9 (pialS Ld ) 3900

IVFevs] ol onss @110 Joom o ol Gis oljee

PASSING GRANULATION%

16

30

50

100

Pan

120

100

80

60

40

20

=== The lowest limit

Sieve weight

Soft modulus

dwlo (o0 Jgo—
plasl ¥ Jgaz Gl iogin 5o eoliiunls jge llas (so ) Jgie

Al (pomasto yig =
s ASTM C128 /C127 s Jaskiul 3l ladiloiw ogase o9

Al (guwdilo = ©

Sl cwl o cole Jole o ipee 5l S5 ailo S gasails
Sl 00l Jae ASTM C136 o lastin] gl ailo S (ganasls
vl

GOl S 10 g0d

Iy gomasils Joaz ol lasl gamails soie jloged pu) sl p
IS 5 sadeslatnl wilo S samails s jlages 0,5 oSS
w‘ 03 )aJt.w.A io Y

=== Consumable aggregates The upper limit

gmaily e Y %
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 ¢
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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.
Eel loww gl 4 il 5 leS,) polde jiion az 2 0458 < “f s —F

29 Ol Bl Sl (36 (St 1S 5 I3 s gy 215
S5 GleSS, as,0 Ve V0 N e i 0958l 4SS jehay wls walgs
YA F AN Glie d Togas 1) (iutS Canglio Wlg o Lol
Ailg oo oSS, oy Yo g0 Ve VD 0438l g dms el ws o
A yialS as,s YA g VAL (V8,0 s a ) siole plgs
YL polie hls slaasses polaw (iolo sl culpls
bl il ol 5o sy ;B (5500 Sile S5 A, 0o )01 0
ok 95 wiile (Voim lo 0538l nlu jl0sd oo o
Olsrm kg 6oV SN o5 Lol imen 5 (g3b S
A e 39 i (ol plgs Lad> Corge B 3ged ool
S ol a9 5l ool ke S WIS, ol ol ke L
i 3 WSS, G s 6 ) Sl o oy, ik g
GR35l ol mlis an azgi b ojls 550 Cews SIS

SNy cdlad g caS Gl e (2l (Sig de o Ve
ST 31 ke JS IS, L ovae 45T s 4y sl _osllas

&)l Cuoglia (a3l el oolo ol el ouds JSi5 ol pou
o ile 5 AlaSS; o p0V 9 0 (938l aSy sk 00 8 (oo
e U5 oSS, wo o Yo 510 polie 5 s Lid Caaglin il
Al eS L vz g B lie 0 Glons (39 00 085
o3lasl uizman ol daler il S 1) i (6,lid Cuaglie wo o
ool g (51,5 alidl el (i byl jo 4l 5y S
O ol [l o Eel g oy 5 i LSl (e SRS
sleslaiwl (gl c e S aslg oo E9050 (pl (pl pl e oo
Al oleend lalaSs, b anslie [0 Soxe le 41X,
A5 8l Bl o sl plg g LhetS Canglie igloj] gl

OV-7Y A(NEY) Y /55) 509U 9 pgle (Sole dy puis

4



w(agigend) Hile JS (i dme Al ) by oy sl 9 a5 )Uid Caoglio KAL) T w2 / OLISeD § yilS L ) 3900

dged o3liul (6 4d plao g (6505
el oais o By g lawgs a8l 5 led 45Tz

P g g
Sz slad > g 8 dRuils 5l as aiils o p3Y 895 Bain s
Sl wlas 5 i 2Biole;] s oyols 13 Lzt o

Silmoslal g Lo iolosl plssil gl 5l ol snpeds olKisls
390 Joe 4 SiT g pois dadiges

1. G. Lemaire,G. Escadeillas, E. Ringot, Evaluating concrete
surfaces using an image analysis process. Constr. Build.
Mater. 19(2005), 604-611

2. D. F. Lin, H. L. Luo, Fading and color changes in colored
asphalt quantified by the image analysis method.
Constr.Build. Mater. 18(2004),255-261.

3. C. W. Planje, Colored ceramic aggregate for decorative
concrete. J. Am. Ceram. Soc. 20, (1937) 90-96.

4. M. Naderi, O. Qodousian, H. Mollayi Dehshali. Effects of
type and dosage of pigment on the concrete compressive
strength and its prediction by the fuzzy logic. J. Color Sci.
Tech. 5(2011), 315-324. [In Persian]

5. M. Sharifi, H. Sheibani. The effect of mineral pigments on the
compressive strength of colored concrete by focusing on the
role of improved color palette in current cities of Iran. J. Color
Sci. Tech. 16(2022), 81-92.

6. F. Avaznejad, H. Sheibani. Studying and reviewing the color
in urban placemaking. J. Stud. Color World. 12(2022), 71-86.
[In Persian]

7. F. Avaznejad, H. Sheibani, Color in Arsen Zandieh Shiraz. J.
Stud. Color World. 9(2019), 43-52. [In Persian]

8. J. P. Lenclos, D. Lenclos, Colors of the world. Norton and &
Company: New York. 2004.

9. F. Avaznejad, H. Sheibani, "Study of Color in the
Avrchitecture of Nasir Al-Molk Mosque in Shiraz", J. Stud.
Color World, 11, 23-34, 2021.

https://doi.org/ 20.1001.1.22517278.1400.11.1.3.1 [In Persian]

10. H. Sheibani, A. Nasrabadi, M. Sotoudehniya, The Types of
‘Natural Landscape’ Represented in Saadi’s Poetry
(Reviewing the Quality Presence of ‘Desert’ (Sahra/Sahara) in
these Poems), JACO, 8(29), 31-36.2020.

https://doi.org/10.22034/JAC0.2020.221745.1149

11.H. Janpoor, A. Alah Verdi. A review on performance of
different organic coatings in protecting concrete structures
against aggresive agents. J. Stud. Color World. 1(2012), 9-14.
[In Persian]

12. American Standards for Testing and Materials, ASTM C979 /
C979M-10 Standard specification for pigments for integrally

Oledl Bls (o 3ah £5050 b L o sla gy plo b yol>
L 69558 0,5 i Sl gl (Gome alaSS, 5l eolanul a5 cusls
sloag,b LG plys slaadlse (285 Lo )0 4 byt (o>
) e oole cpl jloslitul i 5 (n Cl plodn g (ool
Jas |, el cloa o mals 5 o)l Caoglio iyl oSy
30 00 S Byae 5l g 04ls (5568 dhirecans j Ol bl ol
ey 0)) K b L (K)o Bpas g cSle ogas
9y Sl g 5o 05 A5, b ol Gl cnlply Sjleee
slaglal (silwciS (gmen 22 lalad gilula; 9

&zl =0
colored concrete.
13. American Standards for Testing and Materials, ASTM C494-

10a/C494M-10a  Standard specification for chemical
admixtures for concrete.
14. American  Concrete Institute, ACI303.1-97, Standard

specification for cast-in-place architectural concrete.

15. American Association of State Highway and Transportation
Officials AASHTO M194-chemical admixtures for concrete.

16.Y. Esen, Z. M. Dogan. Investigation of usability of limonite
aggregate in heavy-weight concrete production. Prog. Nuclear
Energy. 105(2018), 185-193.

17.H. Sheibani, F. Avaznejad, The color palette of the city.
Norouzi publications, 2017.

18. American Standards for Testing and Materials, ACI 211.9R-
18, Standard Concrete Technologh And Mix Design

19. American Standards for Testing and Materials, ASTM C33,
Standard Specification for Concrete Aggregates.

20. Iran national standards, INSO. 302, 3rd. Revision, 2015.

21. American Standards for Testing and Materials, ASTM C566
Standard Test Method for Total Evaporable Moisture Content
of Aggregate by Drying.

22. American Standards for Testing and Materials, ASTM C136
Standard Test Method for Sieve Analysis of Fine and Coarse
Aggregatcs.

23. American Standards for Testing and Materials, ASTM C127-
15 Standard Test Method for Relative Density (Specific
Gravity) and Absorption of Coarse Aggregate.

24. American Standards for Testing and Materials, ASTM C128-
15 Standard Test Method for Relative Density (Specific
Gravity) and Absorption of Fine Aggregate.

25. D.Mostoufinejad.Concrete mixed design and technology.
Isfahan Industrial University.\Vol.38.2014 .

26. American Standards for Testing and Materials, ASTM D1067,
Standard Test Methods for Acidity or Alkalinity of Water.

27. American Standards for Testing and Materials, ASTM C107,
Method of Panel Spalling Testing High-Duty Fireclay Brick
(Withdrawn 1994).

How to cite this article:

1(2023), 51-63
DOR: 20.1001.1.17358779.1402.17.1.4.3

M. R. Golshan, F. Avaz nejad, H. Sheibani, Investigate the Effect of Limonite Pigment on Concrete's Compressive,
Tensile, and Abrasion Resistance, with Emphasis on the Decoration of Contemporary Cities. J. Color Sci. Tech. 17,

OV-7Y A(NEY) Y /55) 509U 9 pgle (Sole dy puits


https://dorl.net/dor/20.1001.1.22517278.1400.11.1.3.1
https://doi.org/10.22034/jaco.2020.221745.1149

	بررسی آزمایشگاهی مقاومت فشاری، کششی و سایش بتن با رنگدانه معدنی گل ماش (لیمونیت) با تاکید بر زیباسازی شهری
	1ـ مقدمه
	2ـ بخش تجربی
	2ـ1ـ برنامه آزمایشگاهی
	شکل 1: نمونه‌هایی از کاربرد بتن رنگی در فضاهای شهری [17].
	Figure 1: Examples of the use of colored concrete in urban spaces [17].
	جدول 1: طرح مخلوط مورد استفاده جهت انجام آزمایش.
	Table 1: The density of mixing materials.
	جدول 2: مبنای استاندارد و تعداد و ابعاد نمونه‌های مورد آزمایش.
	Table 2: The basis of the standard, number and dimensions of the tested samples.
	جدول 3: مشخصات دانه‌بندی سنگدانه.
	Table 3: The characteristics of aggregate granulation.

	2ـ2ـ مصالح مصرفی
	2ـ2ـ1ـ سنگ‌دانه
	الف ـ SSD کردن سنگ‌دانه
	ب ـ دانه‌بندی سنگ‌دانه
	نمودار منحنی دانه‌بندی
	ج ـ مدول نرمی ماسه
	د ـ وزن مخصوص سنگ‌دانه
	شكل 2: منحنی دانه‌بندی.
	Figure 2: The linear curve of granulation.
	جدول4: مدول نرمی ماسه.
	Table 4: The Softness Modulus of Sand .
	جدول 5: مشخصات وزن مخصوص سنگ‌دانه‌ها.
	Table 5: Details of special weight of aggregates

	2ـ1ـ2ـ سیمان سفید
	2ـ1ـ3ـ آب
	2ـ1ـ4ـ افزودنی
	الف ـ فوق روان‌کننده
	ب ـ رنگ‌دانه لیمونیت
	جدول 6: ساختار شیمیایی سیمان سفید نی‌ریز.
	Table 6: Chemical characteristics of cement, (Source: www.neyrizcement.ir).
	جدول 7: خصوصیات شیمیایی رنگدانه گل ماش (لیمونیت).
	Table 7: Chemical characteristics of Limonite Pigment
	شکل 3: رنگدانه گل ماش (لیمونیت).
	Figure 3: Limonite Pigments.


	3ـ نتايج و بحث
	3ـ1ـ روانی (اسلامپ)
	جدول 8: مقایسه روانی طرح مخلوطهای مورد مقایسه.
	Table 8: Fluidity comparison of sampled mixed pastes.
	شكل 4: مقایسه روانی طرح مخلوطهای مورد مقایسه.
	Figure 4: Fluidity comparison of sampled mixed pastes.
	شکل 5: اسلامپ طرح مخلوط LI-20 %.
	Figure 5: Slump mixed designLI-20 %.

	3ـ2ـ مقاومت فشاری بتن
	جدول 9: مقایسه نتایج مقاومت فشاری نمونه‌های بتنی.
	Table 9: Results Comparisons of compressive results of concrete samples.
	شكل 6: مقایسه نتایج مقاومت فشاری نمونه‌های بتنی.
	Figure 6: Comparison of compressive strength results of concrete samples.
	جدول 10: مقایسه نتایج انحراف استاندارد و ضریب تغییر در مقاومت فشاری نمونه‌ها
	Table 10: Comparison of standard deviation results and coefficient of change in compressive strength of samples
	شکل 7: سنجش مقاومت فشاری نمونههای بتن مکعبی دارای رنگدانه گل ماش.
	Figure 7: Measurement of compressive strength of samples of cubic concrete with Limonite pigments

	3ـ3ـ مقاومت کششی بتن
	جدول 11: مقایسه نتایج مقاومت کششی نمونه‌های بتنی.
	Table 11: Result comparisons of tensile strength of concrete samples.
	جدول 12: مقایسه نتایج انحراف استاندارد و ضریب تغییر در مقاومت کششی نمونه‌ها.
	Table 12: Comparison of standard deviation results and coefficient of change in tensile strength of samples.
	شكل 8: مقایسه نتایج مقاومت کششی نمونه‌های بتنی.
	Figure 8: Comparison of tensile strength results of concrete samples.
	شکل 9: سنجش مقاومت کششی نمونههای بتن استوانهای دارای رنگدانه گل ماش.
	Figure 9: Measurement of tensile strength of cylindrical concrete samples with Limonite pigments.

	3ـ4ـ مقاومت سایشی بتن
	شکل 10: آماده‌سازی و برش نمونه مکعبی به ابعاد 5×10×10 سانتی‌متر جهت آزمون سایش.
	Figure 10: Preparation and cutting cube samples to 5×10×10 cm for abrasion test.
	جدول 13: مقایسه نتایج نمونه‌های دارای رنگدانه گل ماش پس از تست سایش بتن.
	شكل 11: مقایسه کاهش وزن نمونه‌های دارای رنگدانه ماش پس از تست سایش
	Figure 11: Comparison of weight reduction or samples containing Limonite pigments after abrasion test.


	4ـ نتيجه‌گيري
	5ـ مراجع

	1. G. Lemaire,G. Escadeillas, E. Ringot, Evaluating concrete surfaces using an image analysis process. Constr. Build. Mater. 19(2005), 604-611
	2. D. F. Lin, H. L. Luo, Fading and color changes in colored asphalt quantified by the image analysis method. Constr.Build. Mater. 18(2004),255-261.
	3. C. W. Planje, Colored ceramic aggregate for decorative concrete. J. Am. Ceram. Soc. 20, (1937) 90-96.
	4. M. Naderi, O. Qodousian, H. Mollayi Dehshali. Effects of type and dosage of pigment on the concrete compressive strength and its prediction by the fuzzy logic. J. Color Sci. Tech. 5(2011), 315-324. [In Persian]
	5. M. Sharifi, H. Sheibani. The effect of mineral pigments on the compressive strength of colored concrete by focusing on the role of improved color palette in current cities of Iran. J. Color Sci. Tech. 16(2022), 81-92.
	6. F. Avaznejad, H. Sheibani. Studying and reviewing the color in urban placemaking. J. Stud. Color World. 12(2022), 71-86. [In Persian]
	7. F. Avaznejad, H. Sheibani, Color in Arsen Zandieh Shiraz. J. Stud. Color World. 9(2019), 43-52. [In Persian]
	8. J. P. Lenclos, D. Lenclos, Colors of the world. Norton and & Company: New York. 2004.
	9. F. Avaznejad, H. Sheibani, "Study of Color in the Architecture of Nasir Al-Molk Mosque in Shiraz", J. Stud. Color World, 11, 23-34, 2021.
	10. H. Sheibani, A. Nasrabadi, M. Sotoudehniya, The Types of ‘Natural Landscape’ Represented in Saadi’s Poetry (Reviewing the Quality Presence of ‘Desert’ (Sahra/Sahara) in these Poems), JACO, 8(29), 31-36.2020.
	11. H. Janpoor, A. Alah Verdi. A review on performance of different organic coatings in protecting concrete structures against aggresive agents. J. Stud. Color World. 1(2012), 9-14. [In Persian]
	12. American Standards for Testing and Materials, ASTM C979 / C979M-10 Standard specification for pigments for integrally colored concrete.
	13. American Standards for Testing and Materials, ASTM C494-10a/C494M-10a Standard specification for chemical admixtures for concrete.
	14. American Concrete Institute, ACI303.1-97, Standard specification for cast-in-place architectural concrete.
	15. American Association of State Highway and Transportation Officials AASHTO M194-chemical admixtures for concrete.
	16. Y. Esen, Z. M. Doğan. Investigation of usability of limonite aggregate in heavy-weight concrete production. Prog. Nuclear Energy. 105(2018), 185-193.
	17. H. Sheibani, F. Avaznejad, The color palette of the city. Norouzi publications, 2017.
	18. American Standards for Testing and Materials, ACI 211.9R-18, Standard Concrete Technologh And Mix Design
	19. American Standards for Testing and Materials, ASTM C33, Standard Specification for Concrete Aggregates.
	20. Iran national standards, INSO. 302, 3rd. Revision, 2015.
	21. American Standards for Testing and Materials, ASTM C566 Standard Test Method for Total Evaporable Moisture Content of Aggregate by Drying.
	22. American Standards for Testing and Materials, ASTM C136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregatcs.
	23. American Standards for Testing and Materials, ASTM C127-15 Standard Test Method for Relative Density (Specific Gravity) and Absorption of Coarse Aggregate.
	24. American Standards for Testing and Materials, ASTM C128-15 Standard Test Method for Relative Density (Specific Gravity) and Absorption of Fine Aggregate.
	25. D.Mostoufinejad.Concrete mixed design and technology. Isfahan Industrial University.Vol.38.2014.
	26. American Standards for Testing and Materials, ASTM D1067, Standard Test Methods for Acidity or Alkalinity of Water.
	27. American Standards for Testing and Materials, ASTM C107, Method of Panel Spalling Testing High-Duty Fireclay Brick (Withdrawn 1994).

