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Prediction of Ultimate Stress of Tendons in Concrete Beam Strengthened
by External Prestressing

Sang-Yeol Park
Dept. of Civil & Environmental Engineering. Cheju National University, Jeju-Do. 690-756. Korea

An investigation of the stress in the internal bonded and external unbonded prestressing tendons at ultimate
in concrete beams strengthened by external prestressing is described with particular emphasis on the influences
of external tendons on the stress in internal tendons and reinforcing bars and internal tendons on the stress in
external tendons. To account for these effects of the other reinforcements and apply to the concrete beams
strengthened by external prestressing. ACI and Naaman's independent equations for the calculation of ultimate
stress of internal and external prestressing tendons are expanded and modified. The modified and proposed
equations are compared with the test results conducted by Harajli. This study show that the ratio of the
depths of neutral axis and tendons appears to be a rational parameter for the prediction of the ultimate stress

in internal and external prestressing tendons.
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Fig. 1. Loading arrangement and dimensions.
Table 1. Reinforcements for strengthening
Beam Internal prestressing steel Reinf’orcing steel Exterpal prestressing steel Concrete
Ans(in2) fre(ksi) | fou(ksi) Ai(in™) foksi) Ans(in™) | foelksi) | foe(ksi) fc(ksi)
B1S 1(5/16) 162 284 2(6mm) 40.0 2(5mm) 1275 203 5.00
B1D 0.058 147 - 0.088 60.0 0.06 135.3 - 5.25
B2S 2(5/16) 147 284 2(6mm) 40.0 2(7mm) 124.0 190 4.80
B2D 0.116 161 - 0.088 60.0 0.12 110.7 - 5.25
B3S 2(3/8) 156 og7 2(6mm) 40.0 2(7mm) 132.5 192 5.00
B3D 0.17 153 - 0.088 60.0 (.12 114.0 - 5.10
B4S 0 B 2(10mm) 68.6 2(5mm) 141.0 203 4.00
B4D 0.24 45.0 (.06 127.5 4.40
B35S 0 B 3(12mm) 62.0 2(7mm) 114.5 19 5.48
B5D 0.53 80.0 0.12 122.0 - 4.70
B6S 0 B 3(14mm) 81.0 2(7mm) 117.0 192 3.80
B6D 0.72 81.0 (.12 111.0 o 4.90
B7S 1(5/16) 158 284 2(10mm) 68.6 2(7mm) 125.0 192 5.53
B7D 0.058 158 - 0.24 46.0 0.12 119.0 o 4.50
B8S 2(3/8) 151 087 2(12mm) 80.0 2(7mm) 119.5 192 5.60
B8D 0.17 145 (.35 80.0 0.12 121.0 o 5.00
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EAE B H39 dF dd& Agaad. A8 ol ACI Alg2e] ojF Z2EHY ZA4y 4%
A% Bl. B2 Bic ZILEHLE ZIAYE HF & s Zaxn 7] diFejoth. &H Naaman
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Table 2. Ultimate stress of prestressing steel by ACI Code
Internal prestressing External prestressing
Beam Predicted Exp. Pred./Exp. Predicted Experiment Predict./Exp.
T (ksi) fos(ksi) fre dfps(ksi) | frolksi) | dfpe(ksi) | fps(ksi) dfps o
BIS 260.8 2544 1.04 418 169.3 51.3 1788 0.31 0.95
B1D 264.9 229.8 1.15 57.0 192.3 49.8 185.1 1.15 1.04
B2S 2499 2448 1.02 25.2 149.2 37.8 161.8 0.67 0.92
B2D 2504 211.5 1.18 33.5 144.2 0.7 161.4 0.66 (.89
B3S 239.0 228.8 1.04 259 158.4 28.2 161.7 0.39 0.98
B3D 238.0 208.1 1.14 328 146.8 4.6 168.6 0.60 0.87
B4S . B . 35.4 176.4 45.1 186.1 0.73 0.95
B4D 49.4 176.9 64.2 191.7 0.77 0.92
B5S . B B 274 1419 30.3 1448 0.90 0.98
B5D 311 153.1 41.5 163.5 0.75 0.94
B6S ~ ) B 221 139.1 N/A N/A N/A N/A
B6D 31.9 142.9 34.7 145.7 0.92 (.98
B7S 236.0 2344 1.09 27.6 152.6 8.7 163.7 0.711 0.93
B7D 257.1 2244 115 30.2 149.2 58.1 177.1 0.52 0.84
B&S 2216 205.6 1.08 27.8 147.3 25.5 1432.0 1.09 1.02
B8D 216.5 1976 110 324 153.4 45.9 166.9 0.71 0.92
Average 105 Average 094 0.96
1.14 0.76 0.93
Standard deviation 83\; Standard deviation géé 882
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Table 3. Ultimate stress of prestressing steel by modified ACI Code

Internal prestressing

External prestressing

Beam | Predicted | Experiment | Pred./Exp. Predicted Experiment Predic./Exp.
fos(ksi) fos (ksi) fos dfos(ksi) | fos(ksi) | dlos(ksi) | fo(ksi) dfes fr

BI1S 2548 254.4 1.00 22.0 149.5 513 1788 0.43 0.84
B1D 254.2 229.8 1.11 26.9 162.2 40.8 185.1 0.54 (.88
B2S 228.4 244.8 0.93 15.9 139.9 378 161.8 0.42 0.86
B2D 230.1 2115 1.09 18.8 129.5 50.7 161.4 0.37 0.80
B3S 217.8 228.8 0.95 149 1474 29.2 161.7 0.31 (.91
B3D 217.1 208.1 1.04 16.8 130.8 54.6 168.6 0.31 0.78
B4S ~ B B 20.8 161.8 45.1 186.1 0.46 0.87
B4D 30.9 158.4 64.2 191.7 0.48 0.83
B5S B B ~ 17.2 131.7 30.3 1448 0.57 0.91
B3D 17.4 139.4 415 163.5 0.42 0.85
B6S ~ B . 13.4 130.4 N/A N/A N/A N/A
B6D 16.2 127.2 34.7 145.7 0.47 0.87
B7S 236.4 234.4 1.01 17.2 1422 38.7 163.7 0.45 0.87
B7D 234.5 224.4 1.05 19.2 138.2 58.1 177.1 0.33 0.78
B8S 202.0 203.6 0.98 14.1 133.6 23.5 145.0 0.52 0.92
BsD 195.3 197.6 0.99 15.2 136.2 459 166.9 0.33 0.82
Average 097 Average 0.48 0'8§
1.06 0.41 0.83

Standard deviation 88; Standard deviation 882 88;

Table 4. Ultimate stress of prestressing steel by modified Naaman equation
Internal prestressing External prestressing

Beam | Predicted | Experiment | Pred./Exp. Predicted Experiment Predic./Exp.
fos(ksi) fos (ksi) fos dfos(ksi) | fos(ksi) | dfus(ksi) | foe(ksi) dfs fos

BIS 258.8 254.4 1.02 54.4 181.9 51.3 1788 1.06 1.02
B1D 258.2 229.8 1.12 55.5 190.8 49.8 185.1 1.1 1.03
B2S 236.1 244.8 0.96 20.3 144.3 37.8 161.8 0.54 0.89
B2D 237.5 2115 1.12 53.0 163.7 30.7 161.4 1.05 1.01
B3S 227.1 228.8 0.99 13.1 145.6 29.2 161.7 0.45 0.90
B3D 226.5 208.1 1.09 35.6 149.6 54.6 168.6 0.63 0.89
B4S B ~ B 51.3 192.3 45.1 186.1 1.14 1.03
B4D 63.3 190.8 64.2 191.7 0.99 1.00
B5S B B B 26.6 141.1 30.3 144.8 0.88 0.97
B5D 42.6 164.6 41.5 163.5 1.03 1.01
B6S ~ B B 5.4 1224 N/A N/A N/A N/A
B6D 30.8 141.8 34.7 1457 0.89 0.97
B7S 2431 234.4 1.04 26.8 151.8 38.7 163.7 (.69 0.93
7D 241.5 224.4 1.08 60.3 179.3 53.1 177.1 1.04 1.01
B8S 213.0 205.6 1.04 7.3 126.8 235 145.0 0.29 0.87
B8D 207.2 197.6 1.05 211 142.1 4.9 166.9 (.46 0.85
Average 1.01 0.72 0.94
1.09 0.90 0.97

- 0.03 0.32 0.06

Standard deviation 0.03 0.23 0.07
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Fig. 2. Ultimate stress of internal prestressing steel
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