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Abstract 

 
The  reinforcing  steel  bars  in reinforced concrete  structures, particularly  those  in sea  environment  

like  on-shore  structures, are  suffering  from  corrosion.   One  of  the  proposed ways  for  retrofitting 

these  kinds  of  structures  is  using  FRP  straps.   However, analysis  of  structures  retrofitted by  FRP  

straps, particularly  as  confinement, is  not  straightforward,  because  of  the  interaction between  the  

body of structural element and the FRP straps. In this paper the Finite Element Analysis (FEA) of a  

set of sample pier models, damaged due to corrosion, and then retrofitted by Carbon FRP straps, is  

discussed.   The test samples, investigated a previous study, have been under eccentric axial loads, and have  been 

tested under  four  different  conditions, including:  a)  without  any  corrosion as  the control sample, b) with 

corrosion modeled by lessening the modulus of elasticity of steel bars and  

their cross-sectional areas, but without any retrofit, c) same as the second sample, but retrofitted by  

Carbon FRP (CFRP) at all corroded area, and d) same as the third sample, but with CFRP in some  

parts of the  corroded area.   Concrete elements  with plastic damage possibility have been used in 

FEA of tested samples, and node to node contact has been defined between CFRP and the concrete  

body  to  consider  the  possibility  of  separation of  CRFP  from  the  concrete  body.   The  numerical  

results  show  very  good  agreement  with the  results  obtained by  experiments, and therefore,  the  

proposed approach for  employing  FEA  can be  reliably  used for  analysis  of  concrete  structures  

retrofitted by FRP straps.  
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  مقذمه. 1
 

ايٗ ثٝ فّت آٖ اػت وٝ . تخشيت ٞبي حبصُ اص صٍ٘ضدٌي ٔقٕٛلاً ؿجيٝ ِىٝ صً٘ صدٌي ٚ تشن خٛسدٌي ثٝ عٛس ٔٛاصي دس صيش ٔيّٝ ٞبي آٞٙي ٔـبٞذٜ ٔي ؿٛ٘ذ

  ]4[.  ٚلتي لؼٕت ٞبي صً٘ صدٜ تشن ثش ٔي داس٘ذ ٚ فضبي فلأت ٌزاسي ؿذ٠ آٞٙي إٞيت ٔي يبثذ  ، تشويجبت صً٘ صدٌي افضايؾ ٔي يبثذ
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( FRP)پّيٕشٞبي تمٛيت ؿذٜ وشثٙي . ، وبٞؾ دادٖ فضبي خٛسدٜ ؿذٜ، ٕٔىٗ اػت ثبفث ثـٛد وٝ اص خغش حفؼ ٌشدد ػشفت فشػبيؾ ٕٔىٗ اػت ػشيقتش ثـٛد

يه ٔمذاس اص تحميمبت لذيٕي لبثُ ٔلاحؾٝ دس .  ٔتصـُ ؿذٜ خبسخي ثٝ فٙٛاٖ يه ػيؼتٓ ٘ٛػبصي ٘ٛيذ ثخؾ دس ثٝ سٚص سػب٘ي  اخضا ثتٗ ٔؼّح پذيذاس ؿذٜ اػت

 ]2[.  دس ثشٚصسػب٘ي إِبٖ ٞبي تخشيت ؿذٜ ثتٗ ٔؼّح ثٝ حبِت خٕـي ٚخٛد داسد FRPتٛا٘بيي ػيؼتٓ 

.   ؽشفيت ثبسثشي ػتٖٛ ٞبي ثتٗ ٔؼّح وٝ دس صيش ٔشوض افضايؾ ٔي يبثذ دس ٔغبِقبت ثيـٕبسي ٌضاسؽ ؿذٜ اػت FRPاثش ػيؼتٓ 

 دس ثٟجٛد ٘يشٚي ٔمبٚٔت ثب صِضِٝ ٚ وب٘بِي ٚ ؽشفيت ا٘شطي خزة ؿذٜ ػتٖٛ FRPاثش .  دس ٔٛلقيت ػتٖٛ ٞبي ثتٗ ٔؼّح اغّت ثبسٌزاسي دس ٔشوض سا ٘ـبٖ ٔي داد٘ذ

 ]3[ .ٞبي ثتٗ ٔؼّح ٚ پبيٝ ٞبي يُ دس ٘ٛؿتدبت آٔٛصؽ دادٜ خٛاٞذ ؿذ 
 

 

 :  ی آزمایشگاهی مشخصات ومووه ها. 2 
 داؿت اص آ٘دبيي وٝ ثشآٔذٌي mm 1200آصٔبيؾ ٕ٘ٛ٘ٝ يه عَٛ وّي حذٚد . ػتٖٛ  ٔشثقي ثتٗ ٔؼّح ، ثب ثشآٔذٌي ٞبي ٔٛخٛد دس اثتذا ٚ ا٘تٟب ػبختٝ ؿذٜ ثٛد٘ذ 

.  دس عَٛ داؿت9/1%  ثٛد وٝ فيبس ٔمبٚٔت حذٚد mm 125 × 125ٕ٘ٛ٘ٝ دس فضبي آصٔبيؾ .  داؿتmm 350 ٚ عَٛ mm 250 × 250پبيب٘ي يه ٔمغـ فشضي  

حدٓ وبٞؾ خشْ ٔغبثمت داس٘ذ، % 25/4اثش ؿتبة خٛسدٌي وٝ ثب وبٞؾ خشْ فٛلاد وٝ حذٚد   سٚص ػشيقتش تخشيت ؿذ٘ذ دس30ٕ٘ٛ٘ٝ ٞبي تخشيت ٘ـذٜ وٝ دس عي 

ٚ  (ثذٖٚ پيچيذٖ، وبٔلاً پيچيذٜ ؿذٜ ٚ ٔختصش پيچيذٜ) CFRPپبسأتشٞبي ٟٔٓ آصٔبيؾ ٕ٘ٛ٘ٝ تقٕيشي .   ٔحبػجٝ ؿذٜ ثٛد٘ذGI ASTM – 90ثش اػبع اػتب٘ذاسد 

پيچيذٖ ٔختصش . ثذػت آٔذٜ وٝ ثٝ عٛس ٔقىٛع ٔتٙبػت ثب ٘يشٚي خشٚج اص ٔشوض ثٛد (e/h ( )43/0 ، 3/0 ، 57/0 ٚ 86/0)٘ؼجت خشٚج اص ٔشوضيت ثٝ ٔمغـ استفبؿ 

CFRP 8 % تبثيش وٕتشي اصCFRP ثٛد وٝ وبٔلاً پيچيذٜ ثٛد ٚ٘ؼجت e/h 1[  .   ثٛد3/0 حذٚد[ 

 
 [1]ٌشٜٚ ثٙذي ٕ٘ٛ٘ٝ ٞبي آصٔبيـي  : 1خذَٚ 

Nominal 

(e/h) 
Confinement condition Corrosion 

time(day) 

Specimen Group 

0.3 No warping 0 Nuw e1 A 

0.43 No warping 0 Nuw e2 A 

0.57 No warping 0 Nuw e3 A 

0.86 No warping 0 Nuw e4 A 

0.3 No warping 30 Cuw e1 B 
0.43 No warping 30 Cuw e2 B 

0.57 No warping 30 Cuw e3 B 

0.86 No warping 30 Cuw e4 B 

0.3 Full warping 30 Cfw e1 C 
0.43 Full warping 30 Cfw e2 C 

0.57 Full warping 30 Cfw e3 C 

0.86 Full warping 30 Cfw e4 C 

0.3 Partial warping 30 Cpw e1 D 
0.43 Partial warping 30 Cpw e2 D 

0.57 Partial warping 30 Cpw e3 D 

0.86 Partial warping 30 Cpw e4 D 


