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'F' FG'NGF' FG&. NG /GG'7GF.رF' :/NF'7ر7و./، 'F?و'F' FG.وF'FG  ،/N?و' /7'7/
FG6F'H 

Corrosion Factors Contributing to the Corrosion of Concrete Structures: 

Moisture, Weathering, and Time 

 GF'>F' ?Nد. ౫残و7 ?.دF' /7دFGGF' 

 .N7د.F'H NFN.ط.F' GNF?.FF /G'?F' /&NGF' NG .N7د. /&NG 6و? -.N7د.F' دG?G 

N&'شF䐧ل' 

 'FGF.ص

 /NF& OF? G7?.F' OF' /7'7/F' G6G G/G. ./NN6.F' ?'7F NG 7G'N>F' 77.' FG /NF'77.F' FG'NGF' FG&.
 .FG6F'H /NN.F' FG'N?F'H /.N77F' OF? 6NG7.F'. GNF? /7/&GF' FG'N?F'H /NF'77.F' FG'NGF' FG&.

.F 07G8' ./F.'7F' 0'N./g' /?.'7G OF? G&'FF' NG7NF' .GFGF' /7'7/F' 0/G.?' H' /7'7/F' .&'
 .&'.FF' 07G8' 'GG .GFG&. OF' P/&.H /NF7.F' /N// G.'G. /7'6 0'FNN' /FN. /N&'NGNGH7GGF' 0'NFG?F'
 /G. FG .7G.GF' 'G7H/.H 'GFF6. NG ..7..H /F'77.F' OF? 6<طF' FG /N6. FG&.F' /NFG? ..'NF H'

 /NF'?F' /7'7/F' 0'.7/H /.N77F' GG'7. �O7.'G&.F' 6N6?. NG 0'FNNg' /FN. GH7>F' G6G Hg F
 NG //F7GF' /F'77.F' FG 0'FN? OF? /N7..G 0'7'7/ ''7.7'7/ .إ/F' N7N. ./NF7.F' /N//. /7'6F'

/GF..G /&N. GH78   

/N/'.GGF' 0'GFGF' : �/NN.F' FG'N?F' �/.N77F' �/NF7.F' /N// �/NF'77.F' FG'NGF' FG&. .7G.GF' 7NG/.F'
 .FG6F' 

 

 

 



 

2 

 

Abstract  

Concrete structure corrosion is a major construction risk. This study aims to identify the 

mechanism of corrosion of concrete structures and the factors affecting it, focusing on 

humidity, weather factors, and time. The study adopted the descriptive approach based on a 

review of previous literature. The results of the study showed that electrochemical 

processes generate harmful ions that attack the reinforcing steel and lead to its corrosion. 

The results also showed that the products of the corrosion process increase the pressure on 

the concrete and cause it to crack and rotate prematurely. On the other hand, humidity and 

high temperatures contribute to enhancing corrosion because these conditions generate ions 

harmful to the reinforcing steel. The study recommends conducting laboratory studies on 

reinforced concrete samples under different environmental conditions. 

Keywords: Early deterioration. Corrosion of concrete structures, Reinforcing steel, 

Moisture, Weather factors, Time. 

 /GدFGF' 

 /.N.F GF0H 0'''6Fg'H NF'.GF' ?'7F NG /G/..7GF' /'NGF' GG' FG ///'H /F'77.F' //'G FG6.

 .'G7?7 8'G.F'H  ً 'NF/G ?7'H H'7F OF? 'G7G'N. FG /N/?F' /NF'77.F' FG'NGF' G.'N. F.'FGF' NG

? Hg. 'GF.' FG /GG7GF' 0'/'G.g' FG/. OF? 'G.7/FH 'G.''GG. FF?.N 'GNG 0gG6GF' 'G7G

0gG6GF' G6G GG' FG //'H /F'77.FF 7G.GF' 7NG/.F'H �N6'7.Gg'  �HH7.&H NF'/N7F'(2004) . 

 FG&.F' '6G 7..طNH �FG&.FF /F'77.F' /N// 87?. /.N.F N7'7' FG6. 7NG/.F' FG ?NFF' '6G ///N

gNGF' /77 FG&.H G7NG/. NG ..7..G /F'77.F' ''7> OF? /7'6F' 0'FNNg' 6?. GN.G. 6G/. 'GG 0

FG&.F' /H// NF'.F'.H 0'FNNg' G6GF /FNGGF' 0g?'G.F' FG ''GF'H FN.7Gg'G /'NGF' 6?. (Nieves-

Mendoza, et al., 2012) . /H//. .7.. /.?7 GH7>F 0'&N.F' 6?. NG /F'77.F' 87?.. 'GG

 HN./ 77G FG 86?N 'GG /F'77.F' NG 0'FF6. GNF?H 'GNG 7NG>GF' /NF7.F' /N//F /'NGF' 6?.

GFG&. ?N77.  �HgG(2012) . 
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 /NF7.F' /F'/H 'G./N.G /NF'77.F' FG'NGF' FG&. OF? /7/&GF' FG'N?F' FG /N/?F' OF' 0'7'7/F' 7N6.

 'GFG&. FG 86?N /FN?G 0'&N. NG FG'NGF' G6G /.'N. H' /N/ �'GNG /7N/GF' /&N.F' GH78H 'G.NG'7GH

g' OF? PN./. N.F'H /NF'?F' /7'7/F' 0'.7/H /.N77F' 0'0 0'&N.F' 7'. FG6.H 0'.N7.GF'H  gG

 ./F'77.F'. /7'6F' /N&'NGNGF' /'NGF' FG 'G7N>H 

 HإG ''F.F'H /NN6.F' ?'7F NG /N&N.H /N/'7.F' ///?.G .F'N. OF? 'G7N/'.H /7G'>F' G6G /NGGg ً'7>FH

'GNG /7/&GF' FG'N?F' /N//. GGGF' FG /NN.F' FG'N?F'H /.N77F' FG FG 7N/'. NG /7'7/F' //.. GNF?H �

H ./NF'77.F' FG'NGF' FG&. OF? .FNF' 

/FGشGF' 

 /N/?F'. ..7.. /N/ �0'''6Fg' ?'7F G.'N. N.F' FG'6GF' GG' FG ///'H /NF'77.F' FG'NGF' FG&. /?N

 ..7.N /NF'77.F' FG'NGF' FG&. H' 0'7'7/F' 7N6. �/&N.F' H' /'7.Fg' ON.7G OF? ''N7 7'76g' FG

N.G /N/'7.F' 7&'7.. /N/ � /7 �N&N.F' .F'.F' OF? ./GFGG /N/g7' 0g./.H /F'N7 0'NFG? .F7..

''NGF' /NF.H ''F.F' 0'GF.G H/?G //'N8 OF' P/&N 'GFG&.H /NF'77.F' FG'NGF' 7NG/. HإG (Kumar et 

al., 2024)  /7'7/ G./G' 'G '6GH(Medeiros-Junior et al.,  2014)   FG&. H' 07'6' N.F'H

 FFFN /NF7.F' /N// ..7.N P6F' 7Gg' FNN7F' O/GF' OF? /7'. /F'77.FF N6'7.Fg' 7G?F' FG

 ./N/'7.F'H /N&N.H �/N?'G..' 7'76'. 

 /F&7䐣ل' 

N.f' /F&7g' F? /.'.g' OF' /7'7/F' O?7. : 

  �/NF'77.F' FG'NGF' FG&. ///N GNG 

  �/NF'77.F' FG'NGF' FG&. OF? /7/&GF' FG'N?F' 'G 
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  �/NF'77.F' FG'NGF' FG&. OF? .FNF'H /NN.F' FG'N?F'H /.N77F' FG FG GG'7. GNG 

 G'دG䐣ل' 

N.f' G'/Gg' FNF/. OF' /7'7/F' G/G./ : 

 /NF& OF? G7?.F' /H// /NF'77.F' FG'NGF' FG&..  

 OF? G7?.F' /NF'77.F' FG'NGF' FG&. OF? /7/&GF' FG'N?F'. 

 OF? G7?.F' /GG'7G  .FNF'H /NN.F' FG'N?F'H /.N77F' FG FGNG /NF'77.F' FG'NGF' FG&. . 

/NGG䐣ل' 

 NF'.GF' OF? /7/&GF' 'N'6FF' GG' FG ///'H /NF'77.F' FG'NGF' FG&. /6F'FG NG /7'7/F' /NGG' FGG.

 NG /GG'7GF' FG'N?F' OF? G7?.F' FG /. g NF'.F'.H �ً'7G.G 'G7NG/. NG ..7. N.F'H /NF'77.F' G6G

.?'7.7GF' 7/F 'GFG //FF /7G'>F' 

 /N.GFGF' 

 'G OF? 6NG7.F' ?G �/F7F' 0'0 0'N./g' /?.'7G Hg. FG GF0H NG7NF' .GFGF' /7'7/F' 0/G.?'

'GG'/G' FF/NH /7'7/F' /F&7' F? ..N . 

/F.'7F' 0'7'7دF' 

 /7'7/ .G/G(Nieves-Mendoza, et al., 2012)   "H'NF?. /7/&GF' FG'N?FF N&'7/g' FNF/.F'

/NF'77.F' FG'NGF' NG FG&.F' OF? ./NF'77.F' FG'NGF' FG&. OF? /7/&GF' FG'N?F' OF? G7?.F' OF' �"

N&'NGNGH7GGF' 0'7'NFF' OF? /7'7/F' 0/G.?'/  ./N&'7/g' /N6'N7F' 0g/'?GF'H 00'GFF' 6?.H

 H' /7'7/F'  .&'.F 07'6' 7N/'./N&'7/' /Fg/ '0 FGN GF FG&.F' H/?G OF? /N7NFGF' 0'FNN''G 'GNG �H 
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 7N/'. /N.H G/? /7'7/F' .FN. 'GNG .ً'N&'7/' H'/ 0'.N7.GF' 0'FNN' 7N/'./N//F' .N6F /F'/F  NG/G(

 )NG/G 7N> H'.FG&.F' H/?G OF? 7N.G 7N/'.  7/' 'GNG' ?NF7. /NFG? FN'..G6/F (beam 

fabrication process) FG&.F' H/?G OF? 7N.G FG6. . 

 /7'7/ 'G' �/F'7 H �8'.G �(NF?N(2011) " H'NF?.  /NNF. NG G/..7GF' /N//FF FG&.F' /GH'FG GNNF.

/GF..G /N&'G 7'7H' NG /N.N7GFNGF' /F'77.F' /F'77.F' NG G/..7GF' /N//F' /GH'FG /N//. OF' .G/GG "

 FG&.FF .GFGF' /7'7/F' 0/G.?' ./F'7g' ''GH 7/.F' ''G �77GF' ''G FG6.H /GF..G /N&'G 7'7H' NG

( 0'G7'NG. /F'77.F' /N//F 0'FN? //g/ ?NF7. G. /N/ �N.N7..F'ASTM)  ''7.' G. 'G/?. �

&. OF' 0/' 7'7Hg' ?NG. H' /7'7/F' .&'.F 07'6' ./NFGGF' H8NF' /FN77F N '?.. FG&.F' 7'...' FG

 /G&N P6F' 7Gg' �OF?g' NG 7/.F' ''G NG FG&.F' H/?G H'G 'GNG �/.7'F.G .7F. H/?GF' /NFG? H'

 .'/7F' FNNG.H /N//F' FG&. OF' P/&N /N&'GF' 7'7Hg' NG ('6GF' FN.7Gg' ?G /N//F' F?'G. 

 /7'7/ 0''. 'GNG �HgG(2012) " H'NF?.  7N/'. /NF'77.F' 0&6FGF' OF? 0'/N7NFGF'  gG'

//F7GF' /N/ .'GNF? /77N7F' 0'NF&H 'G.'.7'H /F'77.F' FG&. /FG6G /'?.' OF? G7?.F' G/G. � "

 G.'N. N.F' FG'6GF' 7/G' FG ///'H /F'77.F' FG&. H' /7'7/F' 07'6' �H'7?F' NG /NF'77.F' 0&6FGF'

/N7NFGF'  gG' /.7F //'N8 F8 NG /7'.  0'.7/ ?'G.7' F? ًg6G �/NGN.F' G'NGF'H /.7.F' NG

 /'NGF'H 0'FNNg' HN./ FNG7. NF'.F'.H �0'FF6.F' FG 7N/GF' /H// FG 86?N 'G GN7F' NG /7'7/F'

 .GFG&. ?N77.H /NF7.F' /N//. /7N/GF' /NF'NF' /F.7F' H6G. OF' P/&N 'G. /.7.F' NG //.'N.GF' /7'6F'

 'GG77.F' 87?. ..7.N( /.7F. /G'/GF' H'7FF OF' 0'/N7NFGF'  gGg /F'1.5% /GH'FG 8'G.F'H  )

( /.7F. ''F/Fg'138% Hg. )28  .GNN 

 /7'7/ 'G'(Ismail & Egba, 2017)   " H'NF?. /F'77.F' GNF7 OF? FG&.F'H 0'FGF' 0'7N/'.  "

F' OF' .G/GG /F'77.F' OF? FG&.F' 7N/'. NG FF/. /NF ('7/ Hg. FG GF0H /N.'FGF' FG'N?FF ً '?..
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 /N/ �N.N7..F' .GFGF' /7'7/F' 0/G.?' .H'7.Fg' 7N6/. G. NF'77. طNF. FG /F'77.F' 0'FN?

 /NFG (7'FN 'G.3.5 G>G3 FG&.F' ?N77.F GNN/N7F' /N7NFG FG /N7NFG HNF/G. 0'FN?F' /.F'?G G. .

F'NN/N7G  /.7F.3.5% ( //GF GF0H ''GF' FG28 /NFG8 0'7.G OF? 0'7'...g' ''7.' G.H  .GNN )

 /.7F H' /7'7/F' .&'.F 07'6'  ./F'77.F' H'7.F' /NFH FG&.F' OF? GH7>F' 7N/'. 7'NFF G'? //GFH

 .6G.F' /F'77.FF 7'.ط.F'NG/GF' 7N> N?N.7F' 0'FGFF 0'FN?F' 6N7?. FG //'H G'? /?.  /.7F.

(38%) H N?N.7F' 0'FGFF 'G67?. 'G'NG/GF' ( /.7F. 'GFG&. OF' O/'28%) /&N. ...7. 'GNG  7...GF'

/7N/GF'  ( FG&. /.7F.8%) 7'.ط.F' FG FFFN 'GG �FG&.F' OF? 7/&N 0'FGF' H' OF' .&'.FF' 7N6.H .

/7H'.GF' /F'77.F'H /NF7.F' .N6F FN. G.'6.GF'  .'GFN. H'7.Fg' /NFH 

 'GG.G/G  /7'7/ �?N.7 N.'(2018) " H'NF?.   gG' FG ..'FF' /NF7.F' 0gNGH /F'77.F' FG&. /7'7/

'N.NF (7> H'G6 :G.'7.7 /F7FG NG /F'77.F' 6<ط /GH'FG NF? G7/'H 0'/N7NFGF'H 0'.N7.GF' OF' �"

 G. ./F'77.F' OF? /.'7.7 /F7FG NG O7.g' /N7..GF' 7'7Hg'H /.N77F'H 0'8'>F'H  gGg' 7N/'.

 P/Fg.7N.F' .FG7g' FG /F'77.F' 0'FN? FG /?NG.G 7N6/. G. /N/ �/N7..G /7'7/ ''7.'

 �/FG8' //? Hg. 'G7'...'H 0'.7N.GFFF GH'FGF' .FG7g'H P/'?F'28  �GNN60  �GNN90  �GNN

180H �GNN365  ./F7FGF' GH7>F /G.'6G /N7..G GH78 7NGN. ?G GNN H' /7'7/F' .&'.F 07'6'

 H'/FG FG 86?. /N?'F7F' F7'FGF' F? /..'FF' 0'8'>F'H /?G.7GF' /7'7/F' 0'.7/H /.N77F'

F'77.F' //N. 7F'F. OF' P/&N P6F' 7Gg' �.FG7g' /G'G' FG /N6. 'GG �/.N77FF /F'77.F' /N77F' /

 .'GFG&. .7F //'N8H  /.F7.GF'H 

 /7'7/ 0''. 'GG(Bouteillera, et al., 2012) " H'NF?.  FG&. OF? /7'7/F' /.7/H /.N77F' 7N/'.

0'76&G //F7GF' /F'77.F' " 7 7/G G/G./.N77F'H /7'7/F' /.7/ 7N/'. OF?  7&'7.F'

 /N&'NGNGH7GGF' � /F'77.FFG&.F' H/?GH N7.F' ('7F.7g' /GH'FGH �/G.F' OF? /.7..F' ''7.' G. .F
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 /76'.G /7N7. 7/&. /.N77F'H /7'7/F' /.7/ H' /7'7/F' .&'.F 07'6' .//F7GF' /F'77.F' FG 0'FN?

 /G.F' FG FG OF?G&.F' H/?GH N7.F' ('7F.7g' /GH'FGH ./F'77.FF F 

 'GNG.G/G  /7'7/(Zucca, et al., 2024) " H'NF?.  /NF'77.F' 7N7.F' FG&. OF? 0'FGF' 7N>. 7N/'.

NF'6F6F' 'G&'/'H //F7GF'  ". 7/' OF? G7?.F' OF'7N>  0'FGF' /F'77.F' FG&. OF? NF'6F6F' ''/g' H

?FN.GF' 0'7N>.FF 0'GNN7'FN7F' FG /N/?F' GNNF. OF? FG?F' G. .0&6FGFF /N7G' NF'/ 6NG7. OF? /

 7N>. OF' P/&N 0'FGF' 7N>. H' /7'7/F' .&'.F 07'6' ./N.7FF' /.N77F'H /7'7/F' 0'.7/H HN.7GF'

 'GF? ..FN FG'N?F' G6GH �HN.7GF' /N7G' NF'/ 6NG7.H /.N77F'H /7'7/F' 0'.7/ 6NG7. NG 7N.G

. H/?G OF? 7/&N /N/ �/NF'77.F' FG'NGF' OF? /N.F7 0'7N/'. '6GH �'GFG&. NF'.F'.H /7'NGF' 7NG/

 .H8g6F' /GH'FG NG /F'77.F' ''/' FG G?6N 7NG/.F' 

 /7'7/ .G/G 'GNG(Chauhan & Sharma, 2020) " H'NF?N  H/?G OF? /7/&GF' FG'N?F' /N//.

NG'/G N?N.7 0'FG F8 NG //F7GF' /F'77.F' NG FG&.F'  "  7/G OF' FG'N?F' 6?. 7N/'.  OF?

//F7GF' /F'77.F' NG FG&.F' H/?G ''GF' /.7F H' /7'7/F' .FN. �P7..GF' .N7..F' 0'NFG? Hg. FG .

OF? ً'7N/'. 7/Gg' FG'?F' NG .FG7g' OF' FF6. FG&.H /F'77.F' /77 OF? FF.F' .FH 7/&N 'GG �

.FG&.F' H/?G /'H FF.F' .FH /'8 'GFGG �FG&.F' H/?G  77FH N.7'.F' /N7NFGF' 6NG7. H' /.H 'GG

 ًg6G ./F'77.F' ''7> GNF. ً'7N/G FG&. H/?G 7/&N g 'GNG .FG'.F' OF? طN7. 7N/'. 'GF /NF7.F' .N6F

HإG �GF0 F?  NG /NF'?F' /N.7FF' /.N77F' .7.G' FG&. 0g/?G OF' P/&. 
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PظرFF' 7'7䐥ل' 

  /F'7ر.F' GوGGG 

 /N&'6F' //'G 'GF' OF? /F'77.F' G7?. �.FG7g' FG N7'7' FG6. /FNGG NG ?7'H H'7F OF? G/..7.

 /NGNF'GNGF' 'G.'G7 ..7. GF0H �0'''6Fg'H NF'.GF' ?'7F7'>6Fg' /GH'FG OF? 'G.7/FH  H HH76F'(

 �/G/G2022)' 'GG �/7G'N.G //'G 'GF /7/G.  /G7/ //'N8 NG .GG'7 /FNF?GH /.7'F.G /GFG. 0'0H

//'GF' G6G OF? G&'FF' 7'G?g'  �F.FG H NFN/6F'(2014) . 

 //'G OF' /NFG8 //G /?. HN/..F �''GF'. 'G.6G G.N /N.FG7' //'G FG /N7'7' /77. /F'77.F' HNG..

  /6F' 0'/'G.' 'G' 6<ط�F' 0'/'G.' FG/. OF? /7/'F /F7G /N// /G'6' Hg. FG g' 'GFG/. FGGN g

//F7G /F'77.F' /.7.G �/NF7.F'  H �8'.G �(NF?N( �/F'72011)  . FG ً'7N7. 7/G' FG6 NGH

 F7/N 'GG �'GFG /G.6 H' )/NF7.F' /N//( /N0gNGF' /NF7.F' H'.6F FG //? FG6.. �/N/'?F' /F'77.F'

/GF..GF' /NFGNGF' 0'FN.7.F' ?G ً'.7'F. 7/G' 'GF?.NH 'G7'N. FG  �/G/G H HH76F'(2022) . 

 6NG..H �77GGF' 7./F' H' O7/F'H FG7F'G /NF.G //'GH ''GF'H .FG7g' FG /N/'?F' /F'77.F' HNG..

 /H//F 'G67?N P6F' 7Gg' �/6F' FG/. NG ً 'N.7F /GN?6 'GF' g' �/6F' 0'/'G.' FG/. NG 'G.NF.

0'FNGG FG HNG..G //F7GF' /F'77.F' 'G' ./6F' ONFF 'G67?. NG 'GFG'NG NG 0'FF6.  /F'77.F'

 ./6F' ONF FG/. OF? /F'77.F' /7/F FG 86?N P0gNG /NF7. /G.6 ?G /.G/G 'GF' g' �'G.'0 /N/'?F'

 ONF FG/. 87>. /GG7G /N/'?F' /F'77.F' HNG. /F'77.F' N?NF FN. N7N&7F' Gg..g' HإG GNF?H

/6F'H 6<طF' ONF FG/.F //F7GF' /F'77.F' GNG7. G. 'GNG 6<ط�F' (Lokhande et al., 2019) .

 HإG 7&'7.F' G6GF ً '?..H /N&'6Fg' FG'NGF' ''F. NG N7'7' FG6. G/..7. //F7GF' /F'77.F'

 NG //N.NGF' /G'>FF' 0'.7H G77F' /NFG? NG G/..7.G �/N/'?F' /F'77.F' 'G' �NF'.GF'H �7N7.F'G

/?'NFF' (Mitchell & Mitchell, 1906).  
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  /F'7ر.F' 0'FوGG 

 7/&. /.7FF' G6GH �////G /.7F. /F'77.F' طNF. OF' 'GFG FG G'6. 0'FNGG //?. /F'77.F' HNG..

 ''GF'. 'G7F. /F? //'GF' G6GH .FG7g' //'G OF? N7'7' FG6. /F'77.F' /G.?. ./F'77.F' //N. OF?

?.. ''6.g' 7.ط OF? 86?.H /NF'7.Fg' 'G7'N. /F'77.FF GN6. G7?. /NFG?F' G6GH �6?.F' 'G6

/G'Gg'.  �?N.7 N.'(2018) . FNF/. /NFG? Hg. FG P/Fg.7N.F' .FG7g' 0'FNGG /N//. G.NH

 N&'F/ 0'NGF7 FG P/Fg.7N.F' .FG7g' HNG.N //'?F' NGH �0g/'?G //? G'/..7'. /N7'Gg'

(GNN7F'GF'S2CN/g/ 0'NGF7 �) (GNN7F'GF'S3C(GNN7F'GF' O/g. 0'NFGNF' �)A3C /N// 0'NFGNF'H �)

( GNN7F'GF' N?'.7AF4C)  �P7N7.F'(2016) . 

 FG 07/.NG /FN'..GF' G'./g' 0'0 0'GN7.F' FG /?NG.G NGH G'G7F' /.NN �/N.FG7g' //'GF' .F'. OF'

 0'.N./F' G6GH /7N.G O7.'H /7N>7 0'.N./ 'GNG G7'G.. 'GFإG ''GF'H /N.FG7g' //'GF'. طF... 'G/F?

.FG7g' /FN.? FG6. /G/g //'G. 'GFN.  N.'( �?N.72018) . G'G7F' H' 7G6F'. 7N/.F' FGHN>.FN  H'

 OF? PN./N g  gGg' 7'. FG6.H �0'G7'NGF' FG6 ///GF' //F' FG OF?' /.7F. /7'6 /'NG

/N&'NGNGF' /'NGF' FG 'G7N>H 0'/N7NFGF'H 0'.N7.GF'H G'G7FF /NG'7GF' /.7/ HNG. H' GGGF' FGH .

GF'H /NG'7GF' H' /N/ �/.7'FG F.'/ 0'>'7GF' /N.H Hg GF0H �/F'77.F' 7NG/. NG GG'7. 0'>'7

 ''GF' 7'7.G' OF? G'G7F' /7/F FG /N6N 0'0 .FNF' NGH �'G.NF OF? ً'.F7 7/&NH 'GG?6N 0'N.N./F'

 NF'.F'.H ON.7G /F'77.FF /NFGF' /N0'GFF' �P7N7.F'(2016). 

''GF' 'G'  P6F' ..NG ////G 7&'7. H0H /7H7/GH /FN?G /.7F. HNG.G /NF'77.F' /7F.F' NG G/..7N

 gGg'H 0'NNFFF'H �8'G/g'H �0NN6F'G  /7'6 /'NG OF? PN./N g H'  �?N.7 N.'(2018) /N/ �

 (76FF /F'7F' ''GF' 7'N. 7..?NH ./NF7.F' /N//H /F'77.F' 7'N. OF? ً'.F7 7/&. .7FF' G6G H'
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 0g'/ NG FG?.7N /FH �/NF'77.F' 0'7F.FF .7'FG 7N> NGG 7/.F' ''G 'G' �/F'77.F' طF.F /.7'FG

 /N7H76//F7GF' 7N> /N/'?F' 0'F'77.FF  �P7N7.F'(2016) .  

  /F'7ر.F' 0&شFGF' FG&. 

 /H// GF' OF? /NF'77.F' 0&6FGF' FG&. G7?NFF.  7'N. NG/F'77.FF /FNGGF' /'NGF'  /.N.F

 7G>NH 'GFF/. H' //'GF' FG&. NG GG'7. 0g?'G. H' 776 H' GF.. ..7.. /N.7'.H /NF.'/ 0'7/&G

 G?6H /F'77.FF GF'G. H' HNF6 FG6 OF? FG&.F' '6G FG /GG7GF' 0'/'G.g' FG/. OF? 'G.7/F

'GF.'  �'>g'(2006). 

( /F'77.FF 7G.GF' 7NG/.F' /N6F /?.premature deterioration F>6. N.F' ?N6'NGF' FG 'GFG&.H )

GNG ً'G'/..7' 7/Gg' //'GF' NGG �''F.F'H /NN6.F' ?'7F NG FN7N/GF' H'.  NF'/N7F'( HH7.&H �2004) .

'GFG&.H /NF'77.F' FG'NGFF 7G.GF' 7NG/.FF  ً'?NN6 7/Gg'H N7'7g' ..7F' /NF7.F' 0gNG FG&. FG6N  

N6'7.Gg' 'G7G? FNFF.H  H' /N7/. /NF/'7 F7'FG NG //N.NGF' GF. /7'.H GF'?F' ''/F' /G'G NG

 H'7F NG //N.NGF' GF. H' F7'FGN?'F7 (Medeiros-Junior et al., 2014; Ismail & Egba, 

2017)  

 /N6. /NNFFF' GH7>F' HإG /F'77.F' 0'&N6. 7.ط. N.F' /G'Gg' 0'NFG? /H// /F?H GH7>F' G6G

( P/N//F' .N6FF' /77 OF? /N.F7 /FNF7 /F.7 FNNG.. ..7..Passive Film OF.. /F.7F' G6GH )

NN/NGF' GF7F' G'/ 'G /''GG. FG?. ً '?G.7G /F'77.F' G'7G HNF/GF NFN. NF'/N7F'( HH7.&H �2004) .

 HإG GNF?H F? FFN 'G OF'(GF7F' '6G NG 7FF /H//10)  /F'77.F' FG&.. ..7.N''N7  /NFG? /.N.F

�NF'77.F' ''7>F' /F.7G  P' /F'77.F' NG GNN7F'GF' /N7GH7/NG ?G HN.7GF' /N7G' NF'/ F?'G.

 NF'.F'.H /.7/ FNFF./6NG/F' 87?N 'G 7.FF 0gNGF' HN/ /NF'NF' /F.7F'7 (Pushpakumara, 

2024)�  /H// H'/.N.F /6NG/F' 7F'F. G'7GF' HNF/GF 0'/N7NFGF' HN./ H'  /N/ 0'FNN' H7...
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/F'77.F' /N7NFGF'   7N7G. OF' P/&NGFNGF' N.F7F' P0gNGF' /NF7.F' OF? /F'77.F' FG&. NF'.F'.H 

(Asmara, 2023) 

  /7'7/ G/G&. 'G '6GH(Ismail & Egba, 2017)  GNN7F'GF' 0'FN.7G /N.H H' OF' 07'6' N.F'H

( N.F7F' GFNGF' NG /N7NFGF' HNN'HPassive Film ..7F' NG /F'77.F' NG /NF7.F' /N// HN/ )

 ./NF'77.F' FG'NGF' FG&.F N7N&7F' /NF7.F' /N//H 0'FNNg' F?'G. F? ..F. N.F' 0'.G7GF' 7'6F H' 'GG

 OF? N.F7F' GNFGF' HNG FG G>7F' OF?H ./F'77.FF 76F.H 7N.G 7NG/.H HNF6 GF? ..FN /6 /'G.' /FNN

G /F'77.F' NG/N /NF7.F' /N// FG&.FF 7/G' /67?G /.77 F7'FGF /67?GF' F7'FGF' H' g' �FG&.F' F

/N7NFGF'  HNN'H HN.7GF' /N7G' /N.H F8 NG /7'. (Egba et al., 2016) . 

 /NF'7ر.F' 0&شFGF' FG&. /NF& 

 N.F' 0'NFG?F' ً 'G'G. G.6. /N&'NGNGH7GG /NFG? /F'77.F' NG /N.NGF' /NF7.F' /N// FG&. /NFG? FG6.

 N&'.7GG FF/.G FF. /N.H :ًgH' �/N7'7' FG'N? //g/ ?'G..'. G..H �/N&N6F' /N7'7.F' NG ///.

Gg' /N.H :ً'NF'/ ./F'77.F' NG G'7GF' HNF/G NGH /NF'? /N/7'6 /NFF'F. G7.N /F7FGF' NG FN.7

 /77F' NG //N.NGF' /N.F7F' /F'8' Hg. FG GF0H /N/?7GF' /F7FGF' NG Hg/F' :ً'/F'/H �/N7.GGF'

 FG'N?F' G6G ?'G..'.H .PNFFF' 7طNF' NG P0gNGF' طF..G /H7.GF'G /.'/G. /NF7.F' /N// /77 /.7N

GG 'G6?.. /F7.G ط.'GGH /?'7G FG HNGG7/N//F' FN77 F? ً 'N&'. G.'0 NF'/N7F'( HH7.&H �

2004 �Sadeghi et al., 2019) ( FG6F'H �1 7NG>G /NF7. 0gNG .N6F NG FG&. /NF. /6NN  )

./F'77.F' NG 
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( FG6F'1 :?.7GF' �/F'77.F' NG 7NG>GF' /NF7.F' /N// NG FG&. /NF. : )(Khoshnaw & 

Gubner, 2022) 

 //7G' /NFG? NG /?'7GF' NG F?'G.F'G /NF.F' G7F 0g?'G.. ط.'GGF'H /?'7GF' NG 0g?'G.F' ..7..

 H'6..' OF' P/&. �H'6..' /NFG? FG '6NG N7.GGF' F?'G.F' 'G' �GFg/G6'H H/?GF' Hg/F' OF' P/&.

F.'/ /N.NGF' /NF7.F' /N//. FF?.N 'GNGH .FN7GH7/NGF' /7'N6 ..FNF FN.7GHg'  ///. GFإG �/F'77.F'

 GF7F'G FG'N? //? OF? 'G/H// NG /G.?. N.F'H /N7.GGF'H /N/?7GF' 0g?'G.F' FG /N/?F' G/F?

 ''GF' H' 7G6F'. 7N/.F' FGH ..7'FG N&'NGNGH7GG HNGGH /.F'7 /7'N6 /N.HH NFN.H7/NGF'

 /F'77.F' HNG. 'G/F?G�0g?'G.F' G6G /H//F 0'N7H76 H'77F? FN.7Gg'HG /G'. FN.7GHg' Hإ

 /NFG? NG GG'7NH /N//FF F7N ''GF' HإG �/.77 /F'77.F' /.7. 'G/F? 'G' �/N//FF F7NH 76.FN

 .FG&.F' /NFG? 6N6?. NF'.F'.H N.F7F' GFNGF' 7NG/. NG G'7.6g' ?N7.7.G /N7NFGF' /7'N6 'G' �FG&.F'

7.G' G./ 0'0 ..'NF //'?F' NG /FN.. FG&.F' /NFG?F 0'.FGH  /7N.G 7N>6 /FNN 'GG /N//F' G./ FG

7G.G .FH NG 'G7NG/.H 'GFF6. NF'.F'.H /N//F' '6G 'GNG 7G>FN N.F' /F'77.F' OF? G./F' NF'/N7F'( 

HH7.&H �2004)( FG6F'H .2.NF7g' /N//F' G./ OF' /.7FF'. FG&. ..'NF H'8H' FN.N ) 
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( FG6F'2 :)/F' G./ OF' /.7FF'. FG&. ..'NF H'8H' :?.7GF' �NF7g' /N/(Knyziak et al., 2017) 

  /F'7ر.F' FG&. GNFص. 

 FG 'G7N>H //&'7F' /N&N.F' GH7>F'H H/?GF' /?N.7F ً '?.. /?NF.G H77. 0gNGF' FG&. /NFG? ///.

FG&.F' GF7NH �FG'N?F'    /..7GF' //'GF' /?N.7F ً '?.. GF7. H' FGGNF .FG'N?F' FG /?NG.GF ً '?..

 HNGN /FG FG&.F' /NFf ً '?.. FG&.F' GNF7. FGGN 'GG �ً'G'. H' ً '.77 FG&.F' HNGN /F GF6F ً '?..H FG&.FF

FG&.GF' H/?GF' 7G>GF ً 'G.. GF7. 'GG .ً'N&'NGNG H' ً 'N&'.7GG (Nayak & Dominic, 2021) 

FG&.F' GNF7. FGGN 7'N?GF' '6G OF? /'G.?g'.H  :N.f' N/FF' OF? 'G/6NF /N7N&7 ?'NF' 7G. OF' 

 ( N&'F.F䐧ل' H'.H6F'Selective dissolution:)  //g /7'..GF' /F'8g' 'GF' OF? G7?.

 NG /76FF' 0'FNGGF'/NF7.F' /N// F'8إG/  GF6F' OF' P/&N 'G //'GF' /NF. NG 0'7N>.

'G7&'7.H(Sadeghi et al., 2019) 'G ً '.F'> . 0'Gg..g' ..7. N&'F.Fg' H'.H6F' ///N

 /G.F' NGN&'NGNGH7GGF'/ /N//F' /GN.7 NG F/'7GF' FN.  NFN6G.F' FG&.F' OF' P/&N 'GG �

O7.' OF? /F/7GF (Silva et al., 2021)F' GF7F' F/G FG'N? GG'7. H' FGGN .FN.H7/NGN 
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N&'F.Fg' H'.H6F' H/?G OF? 7/&. /NF'H/? 0'FNN' /N.H OF? /7'7/F' /.7/H (Mendibide 

& Dessolin, 2023) . 

 NطFFF' FG&.F' (Pitting):  /7N>7 7F/. ..7.N /FN?G /F7FG NG ///N N?6NG FG&. NG

  /FNG?HGF' /NF7.F' H'.6F /77 OF?. /FG6/F'77.F' NG  OF' H'N/g' 6?. NG P/&N /F

 HNNFGG /FN?G 0'FNN' /N.N. '/7FF GH'FGF' 0gNGF' H' GNNFGFg' NG (NF/ /H//G �.F/ /H//

(Clion )(Sadeghi et al., 2019) . /N7NFGF' 0'FNN' H7... 'G/F? N7FFF' FG&.F' '/.N

G&.F' '/. /..? /8H'..G �0gNGF' /77 OF' F7.H /F'77.F'F (Cardoso & Alexander, 

2022) .NG 0g'/  7G>ON 'GFN. � /?77. N7FFF' FG&.F' GF'G.N H' FGGN �NFN.7GF' 0gNGF'

7.G' /GH'FG '/7FF GH'FGF' 0gNGF' (Bezerra et al.,, 2024 ) . 

 ( N?6وGLocalized) : NG OF?' FG&. FG&.F' FG ?NFF' '6G 7G>N /77 OF? ////G F7'FG

H/?GF' (Sadeghi et al., 2019) N?N6NG FG&. F? 7.?N 'GG //F7GF' /F'77.F' NG �

NF'.F'.H  ONFGF' .F7FF N67?F' ?7FGF' //'7G NG 8'G.F'H' 7'.ط.F' /NF NG 8'G.F' 

(Val et al., 1998). 

 ( Gظ.FGF' H' و/دGF' FG&.F'Uniform -or almost uniform:)  �FG&.F' FG ?NFF' '6G NG

G /.7FF' 7GF. H/?GF' ''6.' /G'G FG&../N.F7F'H /N/NFg' //7GgH �  NG 6طFF' H'.H6F'

8'G/g' (Sadeghi et al., 2019' P/&N .) 77'GN 'GG �0gNGF' //G. OF' G>.FGF' FG&.F

/F'77.F' ''7> 76F.H FF6. NG ..7.N 'GG �/7N/GF' /F'77.F' OF? '7ً>6 (Rodrigues  

et al., 2021.) 

  رN/أ.F'H FG&.FF Gش.رGF'F' FG'?F'NGNF'GNG (Conjoint action of corrosion and a 

mechanical factor :) ..7. N?N6NG FG&. ..7. ///N FG&.F' ?'NF' FG ?NF NG

(NGNF'GNGF' FG&.F'H FG&.F' FG'?F /NFH'?.F' /NGN8NF'Sadeghi et al., 2019 .) OF' P/&N
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' '/. /NF'G./' //'N8H P0gNGF' /NF7.FF /NGNF'GNGF' 7&'7.F' 8'G.F'H H'7.Fg' /NF 8'G.F

FG&.F' (Rodrigues  et al., 2021). 

 /F'7ر.F' FG&. GNNF. 

 ///F NFN 'G NGH �/?&'6F' H77F' FG /?NG.G Hg. FG /NF'77.F' 0&6FGF' NG FG&.F' F? G6GF' G.N

 'GG'/..7' FGGN N.F' H77F':FG&.F' GNNF.F 

 ( FG&.F' G&'7FCorrosion Coupons :) F? G6GF' H77 G/F' FG ///'H /FN77F' G6G /?.

 NG /FN77F' G6G FN.7. G.N �//F?GF' 7N> FG&.F' 0g'/ F? G6GFF G&'7FF' G6G G/..7. �FG&.F'

////G GH78 ./. 7...GF'  (Tehada & Hernandez, 2013) . 

 ( /N&'.رGGF' /GH'FGF'Electrical Resistance :) NG 7NN>.F' GNNF. OF? /FN77F' G6G /G.?.

 /&'?F' 0'FNGGF /.7FF'. /&'?F' 7طH NG /7NG>GF' /N&'.7GGF' /GH'FGFF /NF/?GF' 0'FNGGF' 0'./

7./GF' 7'7' NG /NN7GF' (Brown, et al., 2014) /F'?G /FN77F' G6G H' 0'7'7/F' 7N6. .

 H/?G F? /NGG 0'GNF?G 7NGN. NF'.F'.H �/NF'?F' 77'.GFF /67?GF' F7'FGF' /N//.. FF?.N 'GNG

 //F7GF' /NF'77.F' FG'NGF' NG FG&.F' (Rodrigues  et al., 2021). 

 ( Nط.F' ('طF.7䐧ل'Linear Polarization Resistance)  :g' /GH'FG G/..7O. ('7F.7

 /FNF/F' 'Ng.F' FG&. H/?G 7'NF FN77 F? //F7GF' /NF'77.F' FG'NGF' NG FG&.F' GNNF.F N7.F'

H7N.7 /F/'?G G'/..7'. /7N.GF' 'Ng.F'H-/F/?GF' P7N. (Chen & Su, 2021). 

 /N//F' /GH'FGF' 0'7.G (Inductive Resistance:)  G'/..7' G.N/FN77F' G6G  GNNF.F

 7GN. N.F'H �('7F.7g' /GH'FG 7'NF FN77 F? //F7GF' /NF'77.F' FG'NGF' NG FG&.F'

FG&.F' H/?G F? /NGG 0'GNF?G(Rodrigues  et al., 2021). 
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 (NGNطF' FNF/.F' /N&'NGNGHرGGF' /FH'?GF'Electrochemical Impedance 

Spectroscopy:)  OF? /FN77F' G6G /G.?. FG6. //F7GF' /NF'77.F' FG'NGF' FG&. O/G GNNF.

//&'7F' //7.F' 0'FNGGH /N.N7F' /F'7F' NG 0'Gg..g' OF? 'ً'F. N?NF (Liu et al., 

2020). 

 ( N&'NGNGHرGGF' P//ر.F' FNد?.F'Electrochemical frequency modulation:)  G.N

 Hg. FG /FN77F' G6G Hg. FG FG&.F' ('7/ /GH'FG FNF/.H �FG&.F' 0g/?G /N//.

/N..7F' FG'N? Hg. FG /N.N7..F' 0'F'N.F' FG FF/.F'H �NFG&.F' 7'N.F'H ('7F.7g' 

(Aperador et al., 2015). 

 NFG'و.F' FNF/.F'  (Harmonic Analysis :) H'77' FN77 F? NFG'N.F' FNF/.F' ''7.' G.N

 FN.7.H /N/H //7.. //7.GF' 7'N.F' /G. �/F.'FGF' //7.GF' 7'N.F' /G'/G 0'NFG'N.F' 7'NF P'

FNF7FF OF?g' (Rivera & Castaño, 2012) . 

 ( /NرGصF' /GH'FGF' 7'NFGZero Resistance Ammetery :) 7'NFGF' '6G 7/GN

FN'..F' .7F.7GF' NF'GF.F' 7'N.F' NG .FNF' ?G /.7/H �/F'77.F' /GH'FGH �FG&.F' /NF'GG'H �

 'GG �/7'7/F'ON.7G HN/ /N(7 7GNN //F7GF' /NF'77.F' FG'NGF' NG FG&.F' (Gulikers, 

1997). 

  /F'7ر.F' FG&. OF? /ؤ/رGF' FG'و?F' 

 7&'7. OF' /F.7N NF.'/ NG 'G 'GFG �/NF'77.F' 0&6FGF' FG&. NG FG'N?F' FG /N/?F' GG'7.

'N/. N.F' GH7>F' OF? /G.?N N.7'. NG 'G 'FGH �FG'NGF' G6G ''F. NG 'GF'G?.7' G. N.F' 0'FNGGFط 

 :/NF'77.F' FG'NGF' FG&. /7/&GF' FG'N?F' GG' /6NF NFN 'GNGH FG'NGF'. 
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  //ر7'.و.F'/F 

  /F'77. OF? HN7/FF .G?'FF'H F6.F' G'G7F' FG طNF.H ''GF'H .FG7g' FG /N/'?F' /F'77.F' GF'..

 ?'..' /'?'7G ?G �/.NF7GF' 0'G7'NGF'H .7FF'. /'NGF' G6G /G'6' /'?'7G FG /. g �/NF'? //N. 0'0

 OF? 'G.7/FH /F'77.F' //N. FG 86?. 0'G'6'H /N/7 طF. /FN77/'G.g' FG/. NG ./.NF7GF' 0'

 ?NF7. 'GFg. FG G.N N.F' /FN77F' O./H 'G..7F H' �0'FNGGF' FG P' //N. NG FF. /N.H H'/

 /F'77.FF FGGN 'GFN. �/NF7.F' /N// FG&. 77G FG 86?. /&N/7 /F'77.. ..7.N7 GF0 HإG �/F'77.F'

GFG //F'H FG&.F' /GH'FG /NF'?F' //N.F' 0'0 (Hussain et al., 1996). 

  /G'G7NF'7ر.F' /NF7.F' ط'ء> 

 7NGN. Hg. FG /7N/GF' GH7>FF 87?.F' FG /N//F' /N'G/ NG NF'77.F' /NF7.F' ''7> GG'7N

 'GFN. �/.NF7GF' /N'G/F' 7GN. 'GFإG /.7'FG /G'G7. ''7>F' '6G /N.H H'/ NG ..7'FG NF'77. ''7>

/F'77.F' FG&. 77G FG FNF7F' ''7>F' 86?N (Nayak & Dominic, 2021) . 

  /NF7.F' /F'/ 

 GF0H /F'77.F' FG&. 77G 6N6?. OF' P/&.  gGg' G6G HإG  gGg'. /NF7.F' /N// /NF. H'/ NG

 7NG/. NF'.F'.H �N?N6NGF' /7'.H FG&.F' 6N6?.H �N.F7F' GFNGF' .N.G. OF' P/&.  gGg' G6G Hg

 FG'NGF''GFF6.H /NF'77.F'  (Holly & Bilčík, 2018). 
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 /N&'NGNGF' /'وGF' 

 6N6?. NG /F'77.F' F.'/ //N.NGF' H' /7N/GF' /&N.F' NG //N.NGF' GF. ''N7 /N&'NGNGF' /'NGF' ..7..

 0'FN.7GF'H  gGg' ..7.. /N/ �/F'77.F' FG&. 77G0'/N7NFGF'H ?G 0'.N7.GF' 0g?'G.H 

GNN7F'GF' N/g/ 0'FNGNF' .FG7g' F.'/ /N.NGF' (Hussain et al., 1996). 

 /F'7ر.F' /NG'7G 

  /F'77.FF /N&'/?F' 0'FNNg'H /N&'GNGF' /'NGF' H'7..'. /G7N 'G �'G.N0'GF FG /F'77.F' /NG'7G P/&.

 //? OF? /F'77.F' /NG'7G /G.?.H .'GF.'/ /N.NGF' /NF7.F' /N//.H 'G. 7'76g' OF' P/&N 'GG

 G./ OF' ''GF' /.7F �/F'77.FF /N7?6F' G'7GF' /N7'7G.7'H ?N8N.H G./ �FG'N? /.7FH .FG7g'

 .FG7g' ?NFH F.GF' G./H �G7'G.F' /.7/ �/F'77.F' /.N77 (Nayak & Dominic, 2021). 

 NF'?F' P7'ر/F' /'G.䐧ل' 

  OF' F7N ً 'N7'7/ ً'/'G.' FG/.. H' /N/'?F' /F'77.FF FGGN1000  '/.. //F' '6G /?. �/NN&G /.7/

7NG/.F'. /F'77.F' (Contento, et al., 2023 ) H' /7'/ 0'&N. NG //N.NGF' 0&6FGFF N>.FN '6GF �

 /7'. 7N.'/. 0'..' /F'7F' 0'.F7..ط .إGF' H' /N?'F7F' H'G?gF /77.GF' GF. OF? /'G.?g' H'

7. HNF6 0'.Fإ. /NF'?F' /7'7/F' ..7.. /F g'H /FN?G /NF'77. 0'G7'NG 7G.GF' FG&.F' /NFG? FG ?7

 /F'77.FF (Nayak & Dominic, 2021).  
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 H'.H6F'H دG..F' /F'/ 

  �//7'.F' F7'FGF' NG 'GG /F'77.F' G./ //G. NG GG'7N /NF.F' '6GH �/F'77.F' G'7G NG H'&7F' /G...

 NF'.F'.H /NF'77.F' /F.GFF NF.'/F' 6<طF' FG 86?N /N// FG&. /NFG? FG ?77N 'G HNF6F' 7NG8

/NF7.F' (Ebrahimi et al., 2018) . 

 FG&. OF? /.ر7وF' رN/ش&0 .أFGF' /F'7ر.F' 

 7N/'.F' '6G O6?N ./NF7.F' /N// FG&. NG ..7.. /N/ �/NF'77.F' FG'NGF' 7NG/. NG /.N77F' GG'7.

 FFF FG /.N77F' FG7. /N/ FG'N?F' FG /7N.G /?NG.G OF' /N/ �FG&.FF /..7GF' FG'N?F'?77. 

 /NF'?F' /.N77F'H'F.F' /N&'NGNGH7GGF' 0g?'G.F' 86?N 'GG �FN7GH7/NGF' 0'FNN'  FG&.FF /N/&GF'

(Cheng & Maruyama, 2022) �GF0 OF? /Hg? ./?77 OF? /.N77F' 7/&.  0'FNN' 7'6.F'

 NGH �/N7NFGF'0'FNN' /NF'H/?   /N//F' FG&.. ..7..(Zhang, et al., 2024)P/&. 'GG . .N77F' /

0'NGG ?G7  �/F'77.F' G'7G NG FN.7Gg'HNG. FG FFFN 'GG 0gNGF' F?'G.FF G7'6F 86?NH 

(Andrade, 2023) . 

G' 'G '6GH /7'7/ 07'6'G �0'7'7/F' FG 7N/GF' GNF? 0/(Redondo, et al., 2021)  /.N77F' H'

 87?.. N.F' 776F' ?'NF' FG 7N/G NG G7.6G FG'? NGH FG&.F' FG //N'6.G 0g/?G. ..7.. /NF'?F'

 GG'7. ً '6N' F. ط�FG /7'6F' 0'FNNgF /.N77F' 6NG/. F? GF0 ..FN gH ./NF'77.F' FG'NGF' GF

'G76F.H /F'77.F' FF6. NG /.N77F' (Alzeyadi & Yu, 2019) /NF'77.F' FG'NGF' H' ظ/NF 'GG .

 ..7.. N.F'H /NF'?F' /.N77F' 0'.7/ /.N.F 7G.G FG6. 7NG/.. N/7F' G77F' /G>F' NG //N.NGF'

FG&.F' HN7/ 77G FG /N6. N.F' 0'.H7GNGF' NGF. (Jiang et al., 2014) . 
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 FG&. OF? /Nو.F' FG'و?F' رN/ش&0 .أFGF'  /F'7ر.F' 

 7/&. 'GNG /N.NGF' /NF7.F' /N// FG&.. 'G6?. .7..H /NF'77.F' FG'NGF' OF? /NN.F' FG'N?F'

 NF'/ H7..N /N/ �/F.7GF' NG /NN.F' FG'N?F' 'GNG 7/&. N.F' 0'NFf' O//' ./7G.G /7N7. 'G7NG/.H

GF NFN.H7/NGF' GF7F' ON.7G FG FFFNG /F'77.F' PN.F' Gg>F' NG /N.NGF' HN.7GF' /N7GH' HNF/

G'7GF' /F'77.F' FG&. NF'.F'.H /F.7GF' 77G /N6. HNF/GF' '6GF /6NG/F' /.7/ 8'G.F'.H �

(Timcakova et al., 2015)  ?G HN.7GF' /N7G' NF'/ F?'G. H' 7'6' /N/ GNG /7'7/ G./G' 'G '6GH

/NF7.F' /N// FG&. NF'.F'.H 'G.NNFF FG FFFN /F'77.F' NG /N.NGF' ''GF' (Kim et al., 2017)  

 H'.'H0H /G.. /NFG? NG 7'7G. /H// OF' /7'7/F' 0'.7/ NG 0'7N>.F' ..7.. �GF0 OF? /Hg?

 'GNG 0'FF6. /H//H 'G//G. NF'.F'.H /F'77.F' F.'/ ?&'NGF' (Nasr et al., 2022) 7N/'.F' '6G /'/6NH

 0'.N7.GF'. /NF>F' 0'&N.F' NG(Zhao et al., 2020) . 

  OF? FG6F' رN/أ.FG&. 0&شFGF'  /F'7ر.F' 

 H' 0'7'7/F' FG /N/?F' 7N6. OF? 'G.7/F 6G.F. /N/ �'GFG&. GF'G. OF' P/&N /F'77.F' 7G? G/F.

 .67?. H'/ NG FG&.F' '/.N //'?F' NG .'GFG&. ?77N 'GG 0'FF6.F' 'GNG 7G>.H �H'G/g' FG/.

/F.'7F' GH7>F' FG Pg /F'77.F' /F'77.F' ''7> H'G H'/ NGH �  /NFG? '/. H7>.7N /F GFإG ً'GNG7

 '/.F' /7.G.H H' g' �//N/? 0'NF7 FG&.F' ///N/?7'7.G /7N7. FG&.F' (Idhamou et al., 

2024). 

 /7'7/ /G&. 'GG(Nieves-Mendoza, et al., 2012)  /.N77F'G /N&N.F'H /NN.F' GH7>F' H'

 NG GG'7N /F'77.FF )/.N.N6F'( P7G?F' G/F.F'H 'G'..'H  'N7F' /?77H /7'7/F' 0'.7/H /N.7FF'

 .'G.''GG 7NG/.H 'GFG&. 
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 /F'7ر.F' 0&شFGF' FG&. FG د/F' H7ر 

G //F' FGGN FG?F' FGGN /N/ �0'''7.g' 6?. Hg. FG /NF'77.F' FG'NGF' FG&. F FN7/. F?

 0'7./GH �8'GGFgF /FFFGF' /'NGF'H �/F&'GF' /F/FGF' /'NGF'G �0'G'6g' 6?. Hg. FG /F'77.F' //N.

FG&.F'(Sadeghi et al., 2019) .( /F&'GF' /F/FGF' /'NGF' /?'7.Superplasticizer ''GF' FNFF. OF? )

 /.7F O./ /F'77.F'. /N.NGF'30%  /NF.'F OF? 7N/'.F' HH/FN>6.F' (Dinakar et al, 2007) 'GG .

 ''7>F' '6G ?FGN /N/ �/.7'FG /G'G7 H0 NF'77. ''7> 7NGN. Hg. FG /F'77.F' FG&. FG //F' FGGN

 GG7. NF'77. ''7>F FGGN H'/GF' FN.7 OF?G /NF7.F' /N// FG&. //N. /G'G7. G/N.H H'/ NG24 �GFG

 0'./N H'100/N//F' FG&. '/.F G'? (Zongjin, 2011 )G'/..7' /?'7N �GF0 OF? /Hg? . HgH8N.F' 

P/'?F' .FG7gF FN/.G 0'G'6g' 6?.H /F'77.F' //N. FN7/. OF? (Broomfield, 2006 ) . 

 FN?NF OF? 'GGH FG&.F' 0'7./G. G7?N 'G G'/..7' FGGN �O7.' /G. FG NG HHg' ?NFF' �FNN7'7'

GN/NFg' ط./G � ?NFF' '6G /G.?N  7G6' FG /F'77.F' NG P0gNG .N6F OF? 6طF 7N> ظG/ GFNG OF?

 g /N/ /FG/.GF' /F'77.FF ً '.7'FG /?N ?NFF' '6GH �GNN7F'GF' 0'7.F ً 'G'/..7' 'G7/G'H 0'7./GF' G6G

GG ...F7. H'/ NG /F'77.F' //N. OF? 7'6 7/' /.NN GNN7'.N.F'H GNN/N7F' 0'7.F G/..7. '

 /NNFFF' ?NG'.GF' NG 'GG'/..7' FGGN g GF' g' �FG&.F' ?FG NG /NF'? /''GG GF.G. /N/ P/NFg' طN./.FF

F'77.F' 7NG/. OF' H'N/&NH /N.FG7g' //'GF' ?G Hg?'G.N H'77F?F' Hg/ (Yu et al., 2015).  'G'

 GN/N/'GF' ط./G NGG NF'/F' ?NFF' ط./G .F7.N ?NFF' '6GH GN7/.H /.F7.GF' /F'77.F' /77 'g7

 7.? 0gNGF' H'.6F'G.NG'7Gg' /NGG FG //F' NF'.F'.H �7.? 76.F. N.F' FN.7G'G /F'77.F' GF0H �

 HgFG&.F' /7G'>F N7N&7F' ..7F' NG /NF7.F' /N// ON.7G OF? FN.7Gg' /N.H(Sadeghi et al., 

2019) . 
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 /G.'.F' 

 FG FG 7N/'. OF? 'N6F' طNF7. ?G �'GNF? /7/&GF' FG'N?F'H /NF'77.F' FG'NGF' FG&. /7'7/F' 6F'F.

G&. GNGGG /7'7/F' FN.. .FG&.F' '6G OF? .FNF'H /NN.F' FG'N?F'H /.N77F' �//H// /NF&H /F'77.F' F

 0'.7/H /.N77F' H' /7'7/F' 7N6. .GFG //F' /NGNGH GNF? /7/&GF' FG'N?F'H �GGNNF. H77 �?'NF'

 /NF7.F' /N//. /7'6F' /NF'H/?F' 0'FNNg' 0'.F'H /N&'NGNGH7GGF' 0g?'G.F'  FG 86?. /NF'?F' /7'7/F'

 /'NG FG&.F' ..FN �O7.' /G. FG .GFG&. NF'.F'.H �/F'77.F' GF 87?.. P6F' /'G.g' FG /N6N 'GG /FNF/

 ?N77. NF'.F'.H /NF7.F' /N//F HN7NF'. /'NGF' 6?.F /G7. HNF6F' G6GH �'G7NG/.H 'GFF6. NF'.F'.H

 .GFG&. 

 

 'GFر'.? 

 /N.ر?F' ?.'رGF' 

 
( .G7'FF' N.' NN/N G7'FF' N.'  �?N.7 N.'2018 .)7.F' 0gNGH /F'77.F' FG&. /7'7/ 0'.N7.GF'  gG' FG ..'FF' /NF

.'N.NF (7> H'G6 :G.'7.7 /F7FG NG /F'77.F' 6<ط /GH'FG NF? G7/'H 0'/N7NFGF'H  G' /?G'. :H'/N7F'
./NGg7g' H'G7/ 

( ./G/G //N? � '>g'2006 ./N.F7F' G7'/&H 0&6FGF' NG FG&.F' .) �O7Fg' /?G'. /F.G10 �122-144. 

( ./G/G /'..' � P7N7.F'2016 .//F7GF' /F'77.F' /NNF. NG /7'.F' 0'G'6g' 7H/ .) � /N&N.F' GNF?F' /F.G32  �
175-196. 

( .76'G.  �F.FG H � G7'F �NFN/6F'2014 .G7NH/. /'?G G'G7 FG /..FGF' /F'77.F' OF? /N.N7.. /7'7/ .) /?G'. /F.G
 �/NGF?F' 0'7'7/F'H /N/.FF FN76.36(4 �)253-266. 

( .N/.G 7.'G �/G/G H � H'6G7 7G? � HH76F'2022 H /F'77.F' FN. 7'.ط.F' /NF 7NG/. .)GFRP  7N/'. ./.
 ./N7'7/F' /.F'?GF' �0'GNF?GF' /NFF.H /7/FGFF /NFH/F' /F.GF'10 (1  �)9-15. 
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N/G G'7/ � /G'/ H � NF'G �.F'7 � H'GNF7 /G/' �F7/F' � /G/G G7'? �NF'/N7F' ( .FN/F'2004 FG'N?F' 7/' .)
 .//F7GF' /NF'77.F' 0&6FGF' NG /NF7.F' 0gNG FG&. NG /F'77.FF /NF.'/F' �/N7/FGF' GNF?FF /7g' F7'. /F.G

20  �143-175. 

( .N.'F /FGF �HgG2012 .//F7GF' /NF'77.F' 0&6FGF' OF? 0'/N7NFGF'  gG' 7N/'. .) /NFGF HHg' N7/FGF' 7G.&GF'
FGF'/7/  0'/G7F'(317-332./N7/FGF' GNF?FF 7'.Fg' /F.G :H'7?F' .) 

( ./G/G FGNG  �/F'7 H � /7G6F'/.? F/8 � 8'.G � G7NN /NF �(NF?N2011 G/..7GF' /N//FF FG&.F' /GH'FG GNNF. .)
 ./GF..G /N&'G 7'7H' NG /N.N7GFNGF' /F'77.F' /NNF. NG �'N.NFNFG.F'H /7/FGF' /F.G29 (12  �)497-506. 
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