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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. 
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   x¼L« ÈĉwLù¿j ÿ ĈÊĉwÅ ¢ùÿwêù IĈÊÊí ¢ùÿwêù Ić½wÊå ¢ùÿwêù

ĂÞõwÖù Ăz ÿ āºÉ ĈÅ½¾z ĈõĀúÞù ü¤z xjûj Èĉwù¿j ÿ ćwz$ wă  ûvÀĊù

. I0  ÿ2 ºÍ½¹ ðý½Ă¤·wÅ ĂýĀúý ìĉ ÿ ü¤z Ăýv¹  #ĈõĀLúÞù ü¤z āºÉ

 )¢Åv āºÉ Ă¤·v¹¾~ 
 

-L È¸z Ĉz¾¬£ 
-L, LĈăwòÊĉwù¿j Ăùwý¾z 

wù¿j Ăùwý¾zĉăwòÊĈ  ¾Ñw³ èĊê´£ćv¾z  ¢·wÅü¤z¿v ôîÊ¤ù I /  ±¾Õ

ÿ ÓĒ¤·v 0- ĂýĀù¿j  ¢LÅv)     ôùwLÉ āºLÉ ÷wL¬ýv ¡wLÊĉwù¿j  wLù¿jĉÈ 

 Iü¤z }ùĒÅv ¢ùÿwêùIć½wÊå  ¢¸Å ü¤z xj x¼« IĈÊÊí ¢ùÿwêù

 ü¤z ĈÊĉwÅ ÷vÿ¹ ÿ āºÉ¢Åv )ôĊö´£ üĊþ°úă ôùwÉ āºÉ ÷w¬ýv ćwă

ā¹v¹ ½wĊÞù ¿v ãv¾´ývÄîÝ ÿ ć¹wÎ¤év Ì·wÉ Iwă  ½w¤·wLÅÀĉ½ ć½v¹¾z

 ÄLLîÝ$ ü¤LLzSEM #¢LLÅv ) ½ĀLLÚþù üLLĉv ćv¾LLz-/  ĈLL{Þîù ĂLLýĀù¿j

,0×,0×,0 Ĉ¤ýwÅ  ć½wLÊå ¢ùÿwêù üĊĊÞ£ ćv¾z ć¾¤ù2  ÿ-3  Iā¿ÿ½

,-  ĂývĀ¤LÅv ĂýĀù¿j ćv,0×.+  Ĉ¤ýwLÅ     ¢Lùÿwêù üĊLĊÞ£ ćv¾Lz ć¾L¤ù

 ĈÊÊí-3  Iā¿ÿ½3  Ĉ{Þîù ĂýĀù¿j,+×,+×,+  Ĉ¤ýwLÅ   ćv¾Lz ć¾L¤ù

$ ĂĊõÿv xj x¼« üĊĊÞ£.+ $ ĂĉĀýw§ ÿ #ĂêĊé¹2-ÿ #¢ÝwÅ  ÀĊý3  ĂýĀúý

Ĉ{Þîù,+×,+×,+ Ĉ¤ýwÅ ć¾¤ù-3  üĊLĊÞ£ ćv¾z ā¿ÿ½  ĈLÊĉwÅ ÷vÿ¹ 

 ü¤z)ºÉ Ă¤·wÅ wù¿j ćv¾z     ¾Lă ćv¾Lz ĈLÊÊí ÿ ć½wLÊå ¢ùÿwêù Èĉ

 ¢å¾ñ ½v¾é Èĉwù¿j ¹½Āù ÿ Ă¤·wÅ äö¤¸ù üĊþÅ ½¹ ĂýĀù¿j ĂÅ IĂýĀúý

z ûj ªĉw¤ý üĊòýwĊù ÿ Ă       )ºLÉ ĂL¤å¾ñ ¾LÚý ½¹ ĈĉwLĄý ¢Lùÿwêù ûvĀLþÝ

  øĊLÆê£ øĊý ÿ¹ Ăz ĂýĀù¿j ¾ă IĈÊĉwÅ ¢ùÿwêù Èĉwù¿j ćv¾z üĊþ°úă

 ÈĉwÅ ¢´£ ûj üĉ¾ĉ¿ ÿ Ăĉÿ½ ²ÖÅ ÿ #āºÉ āºĉ¾z$ āºÉ ÿ ¢å¾ñ ½v¾é

   ĂL¤å¾ñ ¾LÚý ½¹ āºÉ āºĊĉwÅ û¿ÿ ûvĀþÝ Ăz āºÉ āºĊĉwÅ û¿ÿ üĊòýwĊù

)ºÉ ĂýĀù¿j ÛĀý ÿ üÅ I¹vºÞ£  ĂLz ÓĀz¾ù ¹½vºýw¤Åv ÿ Èĉwù¿j Çÿ½ Iwă

 óÿº« èzwÖù wĄýj, ¢Åv) 

 

 

         

ôîÉ , 5ĂýĀúýwăĈĉ å ðý½ ¹¾z½wí ¿vĊā¿ÿ¾vć ½wúÞù ½¹ć ¿wÅ¾ĄÉ ÿć vĉýv¾Ĉ 81)7 

Figure 1: Examples of the usage of turquoise color in Iranian architecture and urban design 817. 
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óÿº« ,5 ±¾Õ ÓĀö¸ù ¹½Āù ā¹wæ¤Åv ćv¾z ÷w¬ýv wù¿jĉÈ) 

Table 1: The density of mixing materials. 

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

Dimensions(cm) 

1 Concrete slump ASTM-C143 - - fresh concrete 

2 
Compressive strength of 

concrete 
BS-EN-12390 12 12 15×15×15 Cubic 

3 Tensile strength ASTM-C496 - 12 
30*15 

cylindrical 

4 
Water absorption of 

hardened concrete 
ASTM-C642 - 8 10×10×10 Cubic 

5 Concrete abrasion test ASTM-C944 - 8 10×10×10 Cubic 

 

 óÿº«-5  ¡wÎ¸ÊùĂýv¹ĂývºòþÅ ćºþz)  

Table 2: The characteristics of aggregate granulation. 
Materials passed 

through the sieve 

(%)  

Materials remaining on the 

sieve (%) 
The weight of the remaining 

material on the sieve (gr) 
Sieve Size (mm) 

Sieve 

No. 

(inch) 

100 0 0 19 3.4" 

95.95 9.05 90.5 12.5 1.2" 

69.95 21 210 4.75 4 

52.5 17.45 174.5 2.36 8 

36.85 15.65 165.5 1.18 16 

24.45 12.4 124 0.6 30 

12.6 11.85 118.5 0.3 50 

4.5 8.1 81 0.15 100 

0 4.5 4.5 - Pan 

 

-L-L Ĉå¾Îù ²õwÎù 

-L-L,L ðþÅĂýv¹ 
LLúăĂ ðþLLÅĂLLýv¹ ĂLLýĀñ¾ă ûÿºLLz ÿ ¢LLĊýv¾ñ ÄþLL« ¿v Ĉå¾LLÎù ćwLLă

ðþÅĈîõĀ~ wĉ Ĉý¿ĀÅ Ăýv¹ ëw· »Āæý ¿v ć¾ĊñĀö« ćv¾z )ºþ¤Æă ôîÉ

úă Iü¤z ½¹Ă ðþÅĂýv¹    āºLÉ ĀLÊ¤ÆÉ Ĉå¾LÎù ćwLă   ¿v ć½wLÝ ÿ ºLýv

ôñ ĂýĀñ¾ă )¢Åv ā¹Āz ćđÿúăĆ ðþÅ ¿v ā¹wæ¤Åv ¡wùvÀõv   èL{Õ ĂLýv¹

 ½wúLÉ ûv¾ĉv Ĉöù ¹½vºýw¤Åvā .+-    ¹½vºýw¤LÅv ¿v ĂL¤å¾ñ¾z$ASTM C 

33/C 33M# $-/ #¢Åv āºÉ ¢ĉwÝ½ $-4#) 

 

äõv L SSD ðþÅ û¹¾íĂýv¹ 

úăĂ ðþÅĂýv¹ ¡ºù Ăz ĀÊ¤ÆÉ ¿v Ä~ Ĉå¾Îù ćwă-/  ûÿ½¹ ¢ÝwÅ

ĂÕĀá xj ¢É¼ñ ¿v ºÞz ÿ āºÉ ½ÿ-/  āºLÉ ©½w· xj ¿v ¢ÝwÅ  ÿ ºLýv

  ¢ùw¸LLÑ ĂLLz ºþLLÉwz ÷ÿwLLêù ¡½v¾LL³ ¾LLzv¾z ½¹ ĂLLí ĈLLåÿ¾Ù ûÿ½¹- 

Ĉ¤ýwÅ  ĂL¤å¾ñ ½v¾Lé ¾¤ù ÿ    āwò¤LÅ¹ ½¹ Ä LÅOven,   ćwLù¹ ½¹,,+ 

                                                                 
(̸ ÷¾ñ āwò¤Å¹Ăýw· 

Ĉ¤ýwÅ Ă«½¹ ¢õw³ Ăz ¹v¾ñSSD- āºùj½¹ºýv $.+#) 

 

x L Ăýv¹ðþÅ ćºþzĂýv¹ 
Ăýv¹ðþÅ ćºþzøĄù ¿v Ĉîĉ Ăýv¹  ćv¾Lz )¢Åv ü¤z ¢·wÅ ô³v¾ù üĉ¾£

Ăýv¹ðþÅ ćºþz¹½vºýw¤Åv è{Õ Ăýv¹ ¢Åv āºÉ ôúÝ $.,#)  

 

©L ½v¹Āúý Ĉþ´þù Ăýv¹ćºþz 

Ăýv¹ Ĉþ´þù ½v¹Āúý øÅ½ ćv¾z    ĂLýv¹ óÿºL« ºLĉwz vºL¤zv ćºþz  v½ ćºLþz

 Ĉþ´þù ½v¹Āúý )¹¾í ôĊúî£ ĂLýv¹  ðþLÅ ćºLþz  ā¹wæ¤LÅv ĂLýv¹  ½¹ āºLÉ

 ½v¹Āúý, )¢Åv āºÉ Ì¸Êù 
 

óÿºù L¹ Ĉù¾ý ĂÅwù 
    ā½wúLÉ óÿºL« èL{Õ ÈăÿÂ~ ½¹ ā¹wæ¤Åv¹½Āù ²õwÎù Ĉù¾ý óÿºù. 

)¢Åv Ă¤å¾ñ ÷w¬ýv 

                                                                 
(̹ ðþÅìÊ· Ĉ´ÖÅ wz Ûw{Év ¼åwþù wz Ăýv¹ 

.( ìõv ¾ĉ¿ 
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 ½v¹Āúý,5 Ăýv¹ Ĉþ´þùćºþz) 

Diagram 1: The linear curve of granulation. 

 

 

óÿº« .5 ĂÅwù Ĉù¾ý óÿºù) 

Table .: The Softness Modulus of Sand.  

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

 Total Sieve Single Sieve  

24.3 210 210 4 

44.5 384.5 174.5 8 

62.6 541 156.5 16 

76.9 665 124 30 

90.6 783.5 118.5 50 

( ( 81 100 

( ( ( Pan 

298.9 ( 864.5 Sieve weight 

2.986100>298.9 Soft modulus 

 

ÿL ðþÅ ËĀÎ¸ù û¿ÿĂýv¹ 

ðþÅ ËĀÎ¸ù û¿ÿĂýv¹   ¹½vºýw¤LÅv èL{Õ wăASTM C128 /C127  ÿ

 óÿº« ½¹ xj x¼« ûvÀĊù/  ¢Åv āºÉ Ătv½v$-2 I-1#) 

 

-L-L-L ûwúĊÅ  ºĊæÅ 
¹½Āù ûwúĊÅ Ĉý ºþö£¾~ ºĊæÅ ûwúĊÅ IÓĒ¤·v ±¾Õ ½¹ ā¹wæ¤Åv  wLz Àĉ½

 Ĉù¾ý2gr/cm -40+    óÿºL« ½¹ ûwúĊLÅ ĈĉwĊúĊÉ ¡wÎ¸Êù )¢Åv0 

)¢Åv ¹Ā«Āù 

 

-L-L.L xj 

     üĊLúă ĂLz ¹½v¹ ü¤Lz ½¹ øLĄù ½wĊÆz Èêý xj ôLĊõ¹   xj ¿v ā¹wæ¤LÅv

Ăz xj )¢Åv Ă¤å¾ñ ½v¾é Ă«Ā£ ¹½Āù ā½vĀúă ü¤z ½¹ yÅwþù½wí  ½¹ Ă¤å½

      üĊLþ°úă )ºLÉwz ĈLÎõw·wý ĂLýĀñ¾ă ¿v ć½wLÝ ÿ ëw~ ºĉwz ü¤z ¢·wÅ
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ÏĀÝ ¹wă¾åûv½wîúă ÿ ¹vÂý * §m£Ċ¾ å Ăývºòý½ ½vºêùĊ¿ÿ¾āvć ÿ ¾zĉñÂĈwăć åĊÀĉîĈ ½wúÞù ½¹ ā¹wæ¤Åv ¹½Āù ü¤zć ¿wÅ¾ĄÉ ÿć vĉýv¾Ĉ -+4 

  Ăĉ¾Êý ĈúöÝðý½ ć½ÿwþå ÿ ÷ĀöÝ *,2 $,/+-#. I--+(-+.

û¹Āz ¿wz wĉ ćºĊÅv ûvÀĊù (pH)  üĊz ºĉwz xj1   wL£3  $ ºLÉwz2 I- I, )#

xj ā¹wæ¤Åv¹½Āù ½¹ ÈăÿÂ~   ûw¤LÅ¾ĄÉ ĈýºĊùwLÉj xj ¾Ñw³  ¿v¾ĊLÉ 

Āzā¹ Èĉwù¿j wz Ăí ÷wL¬ýv ćwă    ¹½vºýw¤LÅv èL{Õ āºLÉASTM D1067 

 wĉ ûÁÿ½ºĊă ûĀĉ ¢Úöá ûvÀĊùpH  xj2'+3 $ ¢Åv-3)# 

 

-L-L/L Ĉý¹ÿÀåv 

-L-L/L,çĀå L ûvÿ½āºþþí 

çĀå Ĉý¹ÿÀåv ¿v ÈăÿÂ~ üĉv ½¹ûvÿ½ Lĉw~ ¾z āºþþíĂ  ĈLö~  ìĊöĊLÆíĀz¾í

¾£v, ¹½vºýw¤Åv è{Õ$ASTM C494   ÿASTM C107 ãwæÉ Ĉòý½ Ăí #

āĀĄé Ăz ôĉwù$ ¢Åv āºÉ ā¹wæ¤Åv I¹½v¹ ćv.- I,4 )# 

 

-L-L/L- Lðý½Ăýv¹  
ðý½ û¹Ā{ý Ã¾¤Å¹ ½¹ Ăz Ă«Ā£ wz ā¿ÿ¾LĊå Ăýv¹   ¿v èLĊê´£ üLĉv ½¹ Ićv

¿v yĊ£¾£ üĉºz )ºĉ¹¾ñ ā¹wæ¤Åv ć½wî¤zv Çÿ½ ìĉ  ðLý½ yLĊí¾£  ćwLă

      yLĊ£¾£ ĂLz ¢{LÆý wLz À{LÅ ÿ Ĉzj2+   ĂLz.+     )ºLÉ ā¹wæ¤LÅv ºLÍ½¹

 ĈîĉÀĊå ÿ ĈĉwĊúĊÉ ¡wÎ¸Êùðý½Ăýv¹wă    ¾Lz èL{Öþù ĂLí Ĉå¾Îù ć

Ĉù óĀÎ´ù üĉv Ĉþå ĂÅwþÉ óÿº« ½¹ ºÉwz/  ÿ0     ¢LÅv āºLÉ ĂLtv½v

$./(.. )# ¹½vºýw¤Åv è{ÕASTM-C979 ù ¾¨ívº³ LĊûvÀ   ¿v ā¹wæ¤LÅv

vĉü ðý½ć½¹Ā~ Ăýv¹ ,+ ºÍ½¹ ¢Åv $--)# 

 

äõv LÀ{Å Ăývºòý½ 
À¤þÅ ¡wê¤Êù ¿v Ĉå¾Îù À{Å Ăývºòý½    ¿v óĀLÎ´ù üLĉv Ăí ¢Åv üăj

Ĉù ºĊõĀ£ üăj ºĊÆív ¡wzĀÅ½¡ÿwæ£ ¿v Ĉîĉ )¹ĀÉ   üLăj ºĊLÆív ćwLă 

 ćÀ¤þLÅ üăj ºĊÆív wz ĈÞĊ{Õ    üĉv¾zwLþz )¢LÅv ûj ðLý½ ÿ ¢Lùÿwêù I 

ðý½ ¡½ºé      ćÀ¤þLÅ ¾LĊá ĂLýĀúý ¿v ¾¤LÊĊz ćÀ¤þLÅ üăj ºĊÆív Ĉă¹

)¢Åv ă ¡v½» ā¿vºýv üĊþ°ú üăj ºĊÆívÀ¤þÅć ÆzĊ½w ½ĉÀ ¾£ ºĊÆív ¿v

üăj ĈÞĊ{Õ ĈùüĊĉw~ Ĉ¤¸Å ÿ ¢ùÿwêù ¿v ÿ ºÉwz   ½v¹½ĀL·¾z øLă ć¾£

 )¢Åvvĉü  ½¹ Ăývºòý½ÔĊ´ùćwă öéĊwĈĉ ÆzĊ½w ½vºĉw~wý ¢Åv ÿ  ¾zv¾z ½¹

â£ĊĊ¡v¾ xj vĀă ÿĈĉ  ÿĀ£¾~ Èæþzv¾å wăwù¹ ÿć   ¹wLĉ¿ý LĊÀ ÷vÿ¹   ĈLúí

¹½v¹) Ăývºòý½ w¤õ¹ ć½w¬£ ¢í¾É óĀÎ´ù Ĉå¾Îù À{Å-  ½ĀÊí ¢·wÅ

 üĊ¯¢Åv $-)# 

 

Ĉzj Ăývºòý½ L x 

 ¹½Ā«đĉw ¢ĉ½ÿ¿j. ĉì ½Āöz  Ĉzj ¢LÅv ðý½   ¿v ĂLí ûwLù¿   øĉºLé ćwLă

ðý½ ½¹ ûĀþíw£¹½v¹ ¹¾z½wí ć¿wÅ) ¢ĉ½ÿ¿j Ăz  ôĊõ¹÷wå  ć¹½Ā«đ Ĉzj

Ĉù Ă¤·wþÉ øă ¹½Ā«đ ÷wý wz)¹ĀÉ    ¾¤LÊĊz ā¹wLù üLĉv  wă½wLÆýwí ½¹ć 

 Äù ðþÅĉ¢åw ùĈ ÿ ¹ĀÉüĊù¿ ÷ĀöÝ ½¹ĈÅwþÉ  Lĉì   v¾Lz ¾òýwLÊýć 

û¹wÞù ĈĉwÅwþÉ  Äù¢Åv)     wLz ÌõwL· ¢Lĉ½ÿ¿j ÷wLå  ĈLzj    wL£ üLÉÿ½

Ăù½ĀÅćv Ĉù ¢åwĉ ĈöĊý Ĉ¤³ wĉ ¹ĀLÉ )  ðþLÅ    ÿ ÷¾Lý w¤{LÆý ¢Lĉ½ÿ¿j

¢Åv āºþþîÉ üĊþ°úă )wù¾ñĉÈI ÅvĊwăº  ÿjýĀùĊëw â£ ¦ÝwzĊĊ¾  ÷wLå 

Ĉzj úÝĊè ù ¢ĉ½ÿ¿jĈ¹ĀÉðý½ )Ăýv¹      ¢í¾LÉ óĀLÎ´ù Ĉå¾LÎù ĈLzj

Ĉõÿ¿đ ÄĊ~đ ć½w¬£/  üĊ¯ ½ĀÊí ¢·wÅ¢Åv $-)# 

                                                                 
1- PCE 
2- Delta 

3- Lazhward 

4- Lapis Lazuli 

 

 óÿº«/5 ðþÅ ËĀÎ¸ù û¿ÿ ¡wÎ¸ÊùĂýv¹wă) 

Table 4: The Aggregate of specific Gravity (Density). 

Materials 
Apparent Specific Gravity 

kg/m3 
Bulk Specific Gravity 

kg/m3 

Sand 1840 1945 

Ballast 1825 1980 

 
óÿº« 05 Àĉ½ Ĉý ºĊæÅ ûwúĊÅ ĈĉwĊúĊÉ ½w¤·wÅ)  

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

SiO2 

% 

AL 2O3 

% 

FE2O3 

% 

MgO 

% 

SO3 

% 

CaO 

% 

K 2O 

% 

Na2O 

% 

IR 

% 

LOI  

% 

22.7 4.1 6.3 0.9 2.7 66.7 0.5 0.5 0.7 3 

 

 óÿº«1 5ðý½ ĈĉwĊúĊÉ ¡wĊÍĀÎ·Ăýv¹Ĉå¾Îù ćwă)  

Table 6: Characteristics and main constituent elements of pigment. 

ć¾ăwÙ ðý½ CuϜO 

%  
MgO 

%  
CaO 

%  
Al 2O3 

%  
Fe2O3 

%  
SiO2 

%  
Green - 1.4 15.3 11.6 41.7 28 

Blue 74 3.2 9.6 - 5 6.2 
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ôîÉ -5 ðý½Ăýv¹wăć å¾ÎùĈ í¾£ ¿v ô{éĊy ½ÿ¿j ¢Åv½ ¢úÅ$ĉI¢ #üăj À¤þÅ }¯ ¢úÅ) 

Figure 2: used pigments before mixing (azurite on the right, iron synthesis on the left)) 

 

. L ¦´zªĉw¤ý ÿ 

.L, L#}ùĒÅv$ Ĉývÿ½ 

 Iü¤z }ùĒÅvÞùĊ½wć v¾zć Å½¾zĈ ùĊûvÀ ¾«ĉûw¼~ĉ¾ć ĉw ývÿ½Ĉ   ü¤Lz

~ ā¿w£ĊÈ ý ¹½Āù ô´ù ½¹ ā¹wæ¤Åv ¿vĊ¿w ¢Åv $2#)  ôúÞõv½Ā¤Å¹ èzwÖù

ASTM-C979       IºLĉwz ĈLòý½ ü¤Lz }ùĒLÅv ¿wL¬ù ā¹ÿº´ù,.ҕ,++ 

ĈöĊù ôîÉ )ºÉwz ¾¤ù/  Èĉwúý v½ ÓĀö¸ù ±¾Õ ¾ă }ùĒÅv ûvÀĊù Ăí

Ĉùz ªĉw¤ý è{Õ )ºă¹ ĂÌ¸Êù āºùj ¢Å¹    ûvÀLĊù ĂL¯ ¾ă Ăí ºĉ¹¾ñ

ðý½ ¿v ā¹wæ¤ÅvĈù Èăwí Ĉývÿ½ ûvÀĊù IºÉwz ¾¤ÊĊz Ăýv¹ üĉv¾zwþz )ºzwĉ

Ĉùðý½ Ăí ¢å¾ñ Ă¬Ċ¤ý ûvĀ£ ĂLýv¹     ÿ ā¹ĀLz xj x»wL« Ĉå¾LÎù ćwLă

z v½ ü¤z }ùĒÅv ûvÀĊù ĂĈù Èăwí ĈÅĀÆ´ù ½ĀÕ Lz )ºþă¹ Ă ć½ĀLÕ 

 ćv½v¹ ±¾Õ ½¹ }ùĒÅv ûvÀĊù Ăí. I0  ÿ2 ºÍ½¹ ðý½ ½¹ Ăýv¹ ĂÆĉwêù

 yĊ£¾£ Ăz ºăwÉ ±¾Õ wz-0 I/+  ÿ1+ ºÍ½¹ Ĉù Èăwí )ºzwĉ 
 

.L-ć½wÊå ¢ùÿwêù L 

øĄùüĉ¾£ ÿ óÿvº¤ù¾£üĉ ĈñÂĉÿ  ĂLí  ĂLz  ûvĀLþÝ  ĂLÎ¸Êù  ü¤Lz  ûwLĊz 
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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. 

Row Name Age 

Compressive 

strength 
Resistance 

Increase 

MPa % 

1 Control 
7- days 1.19 - 

28- days 3.28 - 

2 Turquoise 3 % 
7- days 6.17 -9.7 

28- days 4.26 -7.6 

3 Turquoise 5 % 
7- days 6.15 -3.18 

28- days 7.24 -7.12 

4 Turquoise 7 % 
7- days 7.11 -7.38 

28- days 21 -8.25 
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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. 

coefficient of 

variation 
standard 

deviation 
Variance 

The average 

compressive 

strength of the 

samples 

Pressure resistance (MPa) 
Specifications of 

samples 3rd 

Sample 
2nd Sample 1st Sample 

1.385 0.268 0.07 19.1 19.4 19 18.9 Control (7 days) 

0.204 0.058 0.0033 28.3 28.2 28.3 28.3 Control (28 days) 

0.870 0.153 0.0233 17.6 17.7 17.4 17.6 
Turquoise 3 % (7 

days) 

0.579 0.153 0.0233 26.4 26.2 26.5 26.4 
Turquoise 3 % 

(28days) 

1.337 0.208 0.0433 15.6 15.4 15.5 15.8 
Turquoise 5 % (7 

days) 

0.619 0.153 0.0233 24.7 24.7 24.5 24.8 
Turquoise 5 % 

(28days) 

0.495 0.058 0.0033 11.7 11.6 11.7 11.7 
Turquoise 7 % (7 

days) 

0.993 0.208 0.0433 21 20.8 20.9 21.2 
Turquoise 7 % (28 

days) 
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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 

(days) 

Tensile Resistance 

MPa 
Resistance change 

% 

1 Control 28 5.2 - 

2 Turquoise 3 % 28 4.6 -11.5 

3 Turquoise 5 % 28 4 -23.1 

4 Turquoise 7 % 28 3.5 -32.7 
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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. 

Row 
Mixing 

plan 

Weight of 

dry sample 

gr 

Weight of 

Saturated 

sample 

(Half an 

hour) 

gr 

Weight of 

Saturated 

sample 

(72 hours) 

gr 

Water 

Absorption 

(half hour) 

% 

Water 

Absorption 

(72 hours) 

%  

Percentage 

change of half-

hour water 

absorption 

compared to 

control 

concrete 

%  

Percentage 

change of 72-

hour water 

absorption 

compared to 

control concrete 

%  

1 Control 2035 2095 2130 2.9 4.7 - - 

2 Turquoise 3 
% 2110 2168 2195 2.7 4 -6.9 -14.9 

3 Turquoise 5 

% 2143 2196 2220 2.5 3.6 -13.8 -23.4 

4 Turquoise 7 
% 

2256 2304 2331 2.1 3.3 -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. 

Row Name 

Abraded weigh 1st 

Sample 

gr 

Abraded weigh 

2nd Sample 

gr 

Average Abraded 

weigh 

gr 

Abrasion Rate 

% 

 ̸Control 2 2.2 2.1 - 

 ̹
Turquoise 

3% 
2.5 2.7 2.6 23.8 

 ̺
Turquoise 

5% 
3.1 2.9  ̺42.9 

 ̻
Turquoise 

7% 
3.4 3.3 3.35 59.5 
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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 125 Comparison of the economic index based on the construction cost of each cubic meter of concrete/28-day compressive strength. 

Name 

Cost of Concrete Per Cubic 

Meter 
Compressive 

strength (28 days) 
Economic indicator 

Tuman MPa 

Control 1.708.000 28.3 6.0 

Turquoise 3 % 3.303.700 26.4 12.5 

Turquoise 5 % 4.367.500 24.7 17.6 

Turquoise 7 % 5.431.300 21 25.8 

Material cost definition 

white cement 
 (Price per kilo) 

1800 T 
Super Lubricant 
(Price per Liter) 

108.000 T 

Sand 

(Price per kilo) 
190 T 

Iron synthesis 
(Price per kilo) 

120.000T 

Gravel 
(Price per kilo) 

215 T 
Azurite (Price per 

kilo) 
120.000 T 

 
 

óÿº« ,.5 ¢Ċúí Ĉòý½ ćwăL*a*b*C*h) 

Table 13: L*a*b*C*h color quantities. 

h° C*  b* a* L* Percentage Color 

147 29 16 -24 72 7  

141 27 17 -21 80 5  

134 26 19 -18 82 3 Turquoise 
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                 b) Sample containing 3% pigments                                                          a) Control Sample 

      
            d)Sample containing 7% pigments                                              c)Sample containing 5% pigments 
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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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