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Abstract 

Fiber-reinforced polymer (FRP) has become a practical alternative construction material as reinforcement in concrete 

structures such as beams. Strengthening of reinforced concrete beams by bolted external steel plates on the side faces of 

the beams is another way for reinforcement. In this study some parameters such as ductility performance and flexural 

behavior of bolted side-plated (BSP) concrete beams and reinforced concrete (RC) beams strengthened with externally 

bonded FRP sheets are investigated experimentally. In order to ensure ductile beam behavior, the concept of maximum 

allowable plate-force demand is introduced. Thereby the strength of additional plates should be kept below the balanced 

failure point. On the other hand, sufficient shear strength of the bolt connections should be provided so that the 

strengthened beam will possess both sufficient strength enhancement and ductility. The experimental program is made 

of flexural tests carried out on some RC beams for both reinforcement, strengthened with FRP sheets and with bolted 

side-plated. Test results show that FRP and BSP are able to control the propagation of micro cracks, the development of 

macro cracks in concrete, and to improve the concrete strength. However, according to the results, strengthening with 

FRP materials in comparison with BSP has better results, such as increment in load bearing capacity and ductility. So it 

is recommended to use FRP materials rather than BSP as beam reinforcement.  
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  مقذمه .1

 

در عاسٜ ٞا٢ تت٣ٙ، ت٥زٞا٢ تتٗ ٔغّح ٤ى٣ اس اجشا٢ عاسٜ ا٢ . أزٚسٜ تغ٥ار٢ اس عاسٜ ٞا٢ س٤زتٙا٣٤ وٝ در ٌذؽتٝ احذاث ؽذٜ ا٘ذ ٥٘اس تٝ تم٤ٛت ٚ ٔماْٚ عاس٢ دار٘ذ

تزا٢ ٔماْٚ عاس٢ ٚ تم٤ٛت ت٥زٞا٢ تتٗ ٔغّح . ٞغتٙذ وٝ تٝ ٔٛجة سٚاَ ٔصاِح ٚ تماضا تزا٢ ٔماٚٔت اضاف٣، اغّة تم٤ٛت ٚ ٔماْٚ عاس٢ آٟ٘ا اجتٙاب ٘اپذ٤ز اعت

اس جّٕٝ رٚػ ٞا٢ ٔماْٚ عاس٢ ٚ تم٤ٛت  ت٥زٞا٢ تتٗ ٔغّح ٣ٔ تٛاٖ تٝ اعتفادٜ اس آرٔاتٛرٞا٢ ضذ سً٘، افشا٤ؼ اتؼاد ٔمغغ، . رٚػ ٞا٢ ٔتفاٚت٣ ٔزعْٛ ٣ٔ تاؽذ

)اضافٝ وزدٖ اػضا٢ فّش٢ جذ٤ذ، وٛتاٜ وزدٖ فاصّٝ تى٥ٍٟاٜ ٞا، اعتفادٜ اس ع٥غتٓ تغٕٝ ٚ پ٥چ  BSP) اعتفادٜ اس ٚرلٟا٢ ٚ FRPاعاعا اعتفادٜ اس دٚ .  اؽارٜ وزد

تزا٢ ٔماْٚ عاس٢ ت٥زٞا تٛعظ .  ت٥ؼ اس ٕٞٝ تزا٢ تم٤ٛت ت٥زٞا٢ تتٗ ٔغّح تىار ٥ٔزٚ٘ذFRPرٚػ اخ٥ز ٤ؼ٣ٙ تم٤ٛت تا ع٥غتٓ تغٕٝ ٚ پ٥چ ٚ ٥٘ش اعتفادٜ اس ٚرق ٞا٢ 
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