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ABSTRACT ARTICLE INFO

So far, it has been proven that concrete structures have good resistance against Receive Date: 07 April 2023
incoming forces, but the rebar inside the concrete may be damaged and fail Revise Date: 03 July 2023
prematurely due to execution or calculation errors. Therefore, it is necessary to Accept Date: 15 July 2023

take measures after construction to strengthen concrete buildings. It is customary
to increase the capacity and durability of the column by planting composite rebar

in concrete (NSM method). Therefore, it is important to investigate the effect of Keywords:

simultaneous reinforcement of composite sheet and rebar and to optimize its Reinforcement of the column
installation method on concrete columns. In this research, 12 concrete columns Cyclic loading

were strengthened by rebars and composite sheets with different numbers and Composite materials

modes of installation, which were analyzed in three separate groups and their NSM rebar

results were compared. The initial model was adjusted according to the reference FRP sheet

article using the finite element method in Abaqus software. Then this model was
reinforced with GFRP rebars by NSM method and enclosure with FRP sheet. In
this research, the important parameters of retrofitting such as load capacity and
seismic durability, energy consumption rate, ductility ratio, hardness reduction
rate, behavior coefficient, failure analysis and economic index were investigated.
The results of this research showed that, on average, using the NSM method
along with the FRP sheet wrap can increase the seismic durability of the column
by 30%. Also, the use of 8 NSM rebars significantly increases the seismic
durability of the column, but it will cause the behavior of the column to become
brittle and cause unexpected and sudden fractures.
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mmm R 385 214 249 223 280 284 317 3.01 340 3.16 3.63 3.40 3.82
=O==R 308 249 272 260 301 290 317 3.07 3.40 288 330 3.09358
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SDEG SDEG SDEG

(Avg: 75%) (Avg: 75%) (Avg: 75%)
+9.502e-01 +9.419e-01 10.4616-01
+8.710e-01 +8.634e-01 18672601
+7.919e-01 +7.849e-01 18.0/2e 01
+7.127e-01 +7.064e-01 +7.095e-01
+6.335e-01 +6.279e-01 163070-01
+5.543e-01 +5.494e-01 1o 30701
+4.751e-01 +4.709e-01 +4.730e-01
+3.959¢-01 +3.925e-01 1304%6.01
+3.167e-01 +3.140e-01 +3.154e-01
+2.376e-01 +2.355e-01 +2.365e-01
+1.584e-0 +1.570e-01 11599801
+7.919e-02 +7.849e-02 +7.884e-02
+0.000e+00 +0.000e+00 +0.000e+00
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(Avg: 75%) (Avg: 75%) (Avg: 75%)
+9.427e-01 +9.473e-01 +9.504e-01
+8.642e-01 +8.683e-01 +8.712e-01
+7.856e-01 +7.894e-01 +7.920e-01
+7.070e-01 +7.105e-01 +7.128e-01
+6.285e-01 +6.315e-01 +6.336e-01
+5.499e-01 +5.526e-01 +5.544e-01
+4.714e-01 +4.736e-01 +4.752e-01
+3.928e-01 +3.947e-01 13'9606-01
+3.142e-01 +3/158e-01 131680-01
+2.357e-01 +2.368e-01 +2.376e-01
+1.571e-01 +1.57%e-01 +1.584e-01
1l Bae 0 +7.804e-02 +7.920e-02
oore +0.000e+00 +0.000e+00
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SDEG SDEG SDEG
(Avg: 75%) (Avg: 75%) (Avg: 75%)
+9.505e-01 +9.500e-01 +9.511e-01
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+7.921e-01 +7.917e-01 +7.926e-01
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+6.337e-01 +6.334e-01 +6.341e-01
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+4.753e-01 +4.750e-01 +4.756e-01
+3.960e-01 +3.95%-01 +3.963e-01
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+1.584e-01 +1.583e-01 +1.585e-01
+7.921e-02 +7.917e-02 +7.926e-02
+0.000e+00 +0.000e+00 +0.000e+00
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(Avg: 75%) (Avg: 75%) (Avg: 75%)
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+2.376e-01 +2.376e-01 +2.365e-01
+1.584e-01 +1.584e-01 +1.576e-01
+7.920e-02 +7.921e-02 +7.882e-02
+0.000e+00 +0.000e+00 +0.000e+00
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