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Strengthening of Concrete Columns by FRP Systems
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1-2- FRP Jacket Properties:

Ultimate Tensile 

Strength (f*
fu)

Modulus of 

Elasticity (Ef)

Sample Column Section Name: RCol-Sample

1- Input Data

1-1- Existing Section Properties & Materials:

Mpa Mpa

3800 230000

230000

FRP along 2-Dir. Face FRP along 3-Dir. Face

FRP Material Properties

Longitudinal FRP Properties
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1-3- Longitudinal FRP Properties:

Ultimate Tensile 

Strength (f
*

fu)

Modulus of 

Elasticity (Ef)

Mpa Mpa

3800
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κa=

κb=

εfe=

fl= Mpa

f'cc= Mpa

εccu=

φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 0 30.29 0.0043 0 --- 0.00057 451.96 0 33.2

413.19 0 52.49 0.0043 0.0006 --- 0.00125 343.95 0 50.44
331.18 0 61.51 0.0043 0.0014 --- 0.00215 258.55 0 56.98
277.47 0 66.55 0.0043 0.002 --- 0.00283 205.05 0 60.22
255.04 0 75.14 0.0043 0.00287 --- 0.00382 189.78 0 63.26
225.26 0 84.28 0.0043 0.00403 --- 0.00513 170.14 0 66.8
174.14 0 89.38 0.0043 0.00562 --- 0.00693 148.43 0 70.43

99.5 0 81.68 0.00365 0.00677 --- 0.00815 107.32 0 71.88
0 0 64.08 0.00252 0.00691 --- 0.00815 0 0 54.1

2- Strengthening Calculations- Confinement by FRP Jacket

2-1- Stress-Strain Diagram for FRP-Confined Concrete:
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Sample Column Section Name: RCol-Sample

3- Design P.M Intraction Diagrams

Exsiting Section
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1.8

Compressive Strength of Confined Concrete:

22

Ultimate Axial Compressive Strain of Confined 

Concrete:

0.0043

FRP-PROCs 1.0.1, Integrated Sofware For:

Curve1 (0 Degree) - Reinforced Section

Noncircular Cross Section Shape Factors:

0.43

0.43

Effective Strain Level in the FRP at Failure:

0.004

Confinement Pressure Due to FRP Jacket:
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φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 8.76 29.9 0.0043 0 --- 0.00056 451.96 9.01 34.9

445.68 10.66 45 0.0043 0.0006 --- 0.00124 361.75 9.91 45.42
353.55 11.84 55.37 0.0043 0.0014 --- 0.00214 262.56 11.08 51.78
293.21 12.57 60.27 0.0043 0.002 --- 0.00282 200.96 11.95 53.74
256.06 13.59 69.07 0.0043 0.00272 --- 0.00363 184.62 12.41 55.63
217.63 14.81 76.14 0.0043 0.00363 --- 0.00466 164.93 12.84 57.54
170.24 16.94 81.63 0.0043 0.00481 --- 0.00599 140.54 13.33 59.14
93.58 17.82 75.54 0.0043 0.00639 --- 0.00778 103.99 14.6 59.78

0 17.08 59.93 0.00339 0.00682 --- 0.00815 0 15.59 50.69

φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 16.2 26.88 0.0043 0 --- 0.00055 451.96 16.46 29.36

471.11 20.37 36.4 0.0043 0.0006 --- 0.00123 373.57 20.01 37.66
369.93 23.64 47.18 0.0043 0.0014 --- 0.00213 260.28 22.25 44.09
301.64 25.3 52.04 0.0043 0.002 --- 0.00281 190.74 23.45 45.18
259.47 28.35 58.62 0.0043 0.00264 --- 0.00353 176.36 24.16 46.09
210.3 31.09 63.7 0.0043 0.00341 --- 0.0044 157.99 25.01 47.04

154.13 33.86 66.85 0.0043 0.00439 --- 0.0055 133.55 25.94 47.9
82.42 34.81 63.63 0.0043 0.00564 --- 0.00692 95.76 26.98 48.23

0 31.55 53.23 0.00397 0.00677 --- 0.00815 0 27.83 44.56
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Design of Concrete Structures According to ACI 318-08
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Strengthening of Concrete Columns by FRP Systems

MSD Co. Sample Project

Sample Column Section Name: RCol-Sample

3- Design P.M Intraction Diagrams (Continiued)

FRP-PROCs 1.0.1

Curve 2 (15 Degree) - Reinforced Section Exsiting Section

Curve 3 (30 Degree) - Reinforced Section Exsiting Section
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Company: Project:

Title:

φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 22.18 22.19 0.0043 0 --- 0.00055 451.96 23.32 23.32

479.85 28.43 28.48 0.0043 0.0006 --- 0.00122 377.89 29.13 29.13
377.58 35.93 36.09 0.0043 0.0014 --- 0.00213 259.99 33.82 33.82
305.09 39.3 39.61 0.0043 0.002 --- 0.0028 185.28 34.84 34.84
258.63 44.04 44.56 0.0043 0.00261 --- 0.00349 170.89 35.51 35.51
205.95 47.66 48.55 0.0043 0.00335 --- 0.00433 152.61 36.3 36.3
146.33 49.83 51.23 0.0043 0.00427 --- 0.00536 129.18 37 37
76.97 48.85 50.84 0.0043 0.00544 --- 0.00668 92.79 37.6 37.6

0 42.18 44.66 0.00416 0.00676 --- 0.00815 0 36.62 36.62

φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 26.86 16.2 0.0043 0 --- 0.00054 451.96 29.36 16.46

471.44 36.29 20.37 0.0043 0.0006 --- 0.00122 373.57 37.66 20.01
370.76 46.87 23.73 0.0043 0.0014 --- 0.00212 260.28 44.09 22.25
302.92 51.53 25.53 0.0043 0.002 --- 0.00279 190.74 45.18 23.45
260.97 57.87 28.78 0.0043 0.00264 --- 0.00351 176.36 46.09 24.16
211.91 62.6 31.8 0.0043 0.00342 --- 0.0044 157.99 47.04 25.01
155.74 65.2 34.96 0.0043 0.0044 --- 0.0055 133.55 47.9 25.94
83.32 61.09 36.3 0.0043 0.00567 --- 0.00693 95.76 48.23 26.98

0 50.04 33.32 0.00396 0.00679 --- 0.00815 0 44.56 27.83

Design of Concrete Structures According to ACI 318-08

Design of Externally FRP System According to ACI 440.2R-08

3- Design P.M Intraction Diagrams (Continiued)

Strengthening of Concrete Columns by FRP Systems

MSD Co. Sample Project

Sample Column Section Name: RCol-Sample

FRP-PROCs 1.0.1

Curve 4 (45 Degree) - Reinforced Section Exsiting Section

Curve 5 (60 Degree) - Reinforced Section Exsiting Section
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Company: Project:

Title:

φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 29.89 8.75 0.0043 0 --- 0.00054 451.96 34.9 9.01

446.65 44.74 10.65 0.0043 0.0006 --- 0.00121 361.75 45.42 9.91
355.47 54.81 11.93 0.0043 0.0014 --- 0.00211 262.56 51.78 11.08
295.64 59.52 12.72 0.0043 0.002 --- 0.00279 200.96 53.74 11.95
258.84 68.07 13.86 0.0043 0.00273 --- 0.0036 184.62 55.63 12.41
220.88 74.72 15.28 0.0043 0.00365 --- 0.00464 164.93 57.54 12.84
173.59 79.54 17.66 0.0043 0.00484 --- 0.00598 140.54 59.14 13.33
95.82 72.21 18.75 0.0043 0.00647 --- 0.00781 103.99 59.78 14.6

0 56.04 18.1 0.00336 0.00688 --- 0.00815 0 50.69 15.59

φPn φMn2 φMn3 εc εst εfe2 εfe3 φPn φMn2 φMn3

Ton T-m T-m Ton T-m T-m

537.4 0 0 0.00696 0 --- 0 451.96 0 0
537.4 30.26 0 0.0043 0 --- 0.00053 451.96 33.2 0

415.14 51.97 0 0.0043 0.0006 --- 0.0012 343.95 50.44 0
334.07 60.69 0 0.0043 0.0014 --- 0.0021 258.55 56.98 0
280.9 65.52 0 0.0043 0.002 --- 0.00277 205.05 60.22 0

259.23 73.77 0 0.0043 0.00289 --- 0.00377 189.78 63.26 0
230.44 82.33 0 0.0043 0.00406 --- 0.00509 170.14 66.8 0
179.01 86.04 0 0.0043 0.00569 --- 0.00692 148.43 70.43 0
102.92 77.64 0 0.00363 0.00686 --- 0.00815 107.32 71.88 0

0 59.48 0 0.00248 0.00699 --- 0.00815 0 54.1 0

Design of Externally FRP System According to ACI 440.2R-08

Curve 6 (75 Degree) - Reinforced Section
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Design of Concrete Structures According to ACI 318-08

RCol-Sample

3- Design P.M Intraction Diagrams (Continiued)

Exsiting Section

Curve 7 (90 Degree) - Reinforced Section Exsiting Section
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