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Abstract : Recently, the external prestressed concrete structures are increasingly being built. The mechanical behavior
of prestressed concrete beams with unbonded tendon is different from that of normal bonded PSC beams in that the
increment of tendon stress was derived by whole member behavior. By this reason, the ultimate stress of external
tendon is smaller than that of bonded tendon or internal unbonded tendon. However, in the domestic and abroad code,
the equation of ultimate stress of external tendon is not suggested yet, and the equation of ultimate stress of internal
unbonded tendon is used instead of that of external tendon. Therefore, in this paper, after effective variables of ulti-
mate stress of external tendon were analyzed, the analytical equation of ultimate stress of external tendon was pro-
posed. And the reasonable coefficients were proposed by statistical work of test results of 25 beam with external ten-
don. Finally, the practical proposed equation of ultimate stress of external tendon was proposed with analytical and
statistical model. The equation of ACI-318 and AASHTO 1994 were not matched with test results and had no
correlations, and the proposed equation was well matched with test results. So the proposed equation in this paper
will be a effective basis for the evaluation of external tendons in analysis and design.

Key Words : prestressed concrete, external unbonded tendon, ultimate flexural behavior, predicted equation of ulti-
mate stress
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Table 1. Dimension and tendon profile of test member
. Ext. Int. I ;
I o e v ey it oy [0 ) oy | oy ) | o) | o) | Gy | Comy
1 | ED2-1 T D 2 - 4 7,500 15 600 220 100 550 50 500 -
2 |ED22 T D 2 - 4 7,500 15 600 220 100 550 50 500 -
3 |ED2-3 T D 2 - 4 7,500 15 600 220 100 550 50 500 -
4 |ED24| T D 2 - 4 7,500 15 600 220 100 550 50 500 -
5 ESO T S 0 - 4 7,500 15 600 220 100 550 50 500 -
6 ES1 T S 1 - 4 7,500 15 600 220 100 550 50 500 -
7 ES2 T S 2 - 4 7,500 15 600 220 100 550 50 500 -
8 BS T - B S 4 7,500 15 600 220 100 550 50 - 500
9 BD T - B D 4 7,500 15 600 220 100 550 50 - 500
10 | B1 R D 1 - 3 3,000 10 400 - - 300 50 300 -
11 B2 R D 1 - 3 3,000 10 400 - - 300 50 300 -
2 B3 R D 1 - 3 3,000 10 400 - - 300 50 300 -
13 B4 R D 1 - 3 3,000 10 400 - - 300 50 300 -
14 | Ml R D 1 - 3 3,000 15 300 - - 200 50 200 -
15 | M2 R D 1 - 3 3,000 15 300 - - 200 50 200 -
16 | M3 R D 1 - 3 3,000 15 300 - - 200 50 200
17 | M4 R D 1 - 3 3,000 15 300 - - 200 50 200
18 S1 R D 1 - 3 3,000 20 250 - - 150 50 150 -
19 S2 R D 1 - 3 3,000 20 250 - - 150 50 150 -
20 S3 R D 1 - 3 3,000 20 250 - - 150 50 150 -
21 S4 R D 1 - 3 3,000 20 250 - - 150 50 150 -
22 |[MPSB| R - B p 3 3,000 79 300 - - 380 50 - 380
23 | MPSI R D i P 3 3,000 7.9 300 - - 380 50 380 380
24 | MPS2 R D 1 P 3 3,000 | 79 300 - - 380 50 380 380
25 | MPS3 R D 1 P 3 3,000 79 300 - - 380 50 380 380
* Section type : T, R(rectangular)
**  Tendon profile : D(Draped), S(straight), P(parabolic)
**%  No. of deviator : Number(0, 1, 2), B(Bond)
*#*% For the T-shape, stecl ratio was calculated same as rectangular section
¥*xx% Type of loading : 4 point(1/3 point loading), 3 point(center point loading)
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Table 2. Tendon and reinforcement of test member

D Ext. tendon | Int. fendon Int. tendon fu £ Asz A5'2 Ay, ext Ap, iglt

fpe (MPa) fpe {MPa) fps (MPa) (MPa) (MPa) {mm°) (mm") (mm®) {mm°)

1 0.60% - - 35 392 0.06p; 506.8 830 -

2 0557 - - 35 392 0.06ps 506.8 830 -

3 0.45f, - - 35 392 0.06p5 506.8 830

4 0.30% - - 35 392 0.06p; 506.8 1660

5 0.607. - - 35 392 0.06p; 506.8 830 -

6 0.60% - - 35 3R 0.06p; 506.8 830 -

7 0.60% - - 35 392 0.06p5 506.8 830 -

8 0.60%:: 1,683 35 392 0.06p5 506.8 - 830

9 - 0.60f 1,683 35 392 0.060; 506.8 830

10 0.50% - - 45.6 448 0.50p5 1400.5 592.3 -

11 0.507x - - 45.6 448 0.25p 7742 5923 -

12 0.50f - - 311 347 0.50p 1586.4 592.3 -

13 0.507 - - 311 347 0.25p5 774.2 5923

14 0.60% - - 456 448 0.50p5 3972 394.8

15 0.60%,4 - - 45.6 448 0.25p5 859.5 394.8 -

16 0.60fx - - 311 347 0.50p5 5239 394.8 - ¢

17 0.607 - - 311 347 0.25p 5239 394.8

18 0.75%x - - 45.6 448 05005 523.9 1974 -

19 0.75%n - - 45.6 448 0.25p5 2534 1974 -

20 0.75% - - 311 347 0.50p; 573.0 1974 -

21 0.75 - - 311 347 0.25p 2534 1974

22 0.607. 1,490 382 448 0.22p5 506.8 8322

23 0.407,, 0.60%x 1,490 382 448 022p5 506.8 394.8 8322

24 0.60f 0.60f 1,490 382 448 022p 506.8 394.8 8322

25 0.407, 0.60f 1,490 382 448 0.22p5 506.8 5923 8322
*  Internal tendon f,; was calculated by equation f,, = fpu[l-*—ﬁ—(p Tou +vd‘«1¥(m—-w N
** Tensile strength of tendon f. = 1,813MPa 1 « '
***% Yield stress of tendon f, = 1,700MPa
O FEHY, o2 MR F 22719 A9 Ad BAle AdolA Adsigled, 232E
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~ (b) Figure of test equipment for rectangular beam

(c¢) Figure of anchorage of external tendon
Fig, 3, Test member and loading frame,
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Table 4, Cracking, vielding and ultimate load of test members and Increment of ultimate strian and stress for external tendon

D CrazllzNI;()ad Yieide L)oad Ultim&tﬁl)Load Ultinae/Vied |- falre i““;ﬁ‘;‘r‘j;‘e‘:f narement of E;t.(;:;:;m Ulimate stess
strain(x 107} Jo(MPa} e J(MPa)
1 3136 4312 529.2 1.23 flexure 2,171 456 1,069 3,696
2 2352 3920 470.4 1.20 flexure 2,160 454 980 3,594
3 196.0 366.5 401.8 1.16 flexure 2,311 485 784 3,580
4 313.6 509.6 588.0 1.15 flexure 1,661 349 534 2,544
5 235.2 386.1 403.8 1.05 flexure 992 208 1,069 2,269
6 313.6 493.9 529.2 1.07 flexure 1,183 248 1,069 2,500
7 2744 476.3 4959 1.04 flexure 1,270 267 1,069 2,606
8 292.0 509.6 590.0 1.16 flexure - - - -
9 303.8 509.6 568.4 1.12 flexure - - - -
10 1372 6174 620.3 1.01 flexure 275 38 890 1,223
11 107.8 411.6 413.6 1.01 flexure 448 94 &0 1,432
12 117.6 553.7 583.1 1.05 flexure 322 68 890 1,280
13 98.0 303.8 374.4 1.23 flexure 476 100 890 1,466
14 24.5 191.1 2283 1.19 flexure - - - -
15 39.2 151.9 209.7 1.38 flexure 766 161 939 1,866
16 44.1 186.2 268.5 1.44 flexure 651 137 939 1,727
17 343 1274 145.0 1.14 flexure - - - -
18 343 144.5 165.0 1.14 flexure 637 134 1,418 2,189
19 294 853 1172 1.37 flexure 677 142 1,418 2,237
20 245 107.8 153.5 1.42 flexure 344 72 1,418 1,834
21 245 80.8 104.7 1.3 B flexure 489 103 1.418 2,010
22 1382 - 632.1 - compression - - - -
23 84.5 - 4243 - local 267 56 760 1,083
24 255.3 - 751.9 - compression - - - -
25 191.6 - 753.6 - compression 294 62 760 1,116

* 1D 8, 9, 22 members have intemal bonded tendon only.
** The correct value of ultimate strain could not be obtained in case of ID 14, 17, 24 members
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Table 5, Comparison between test results and Code

Increment of ultimate stress Af,(MPa)
D Code
Test results
ACI AASHTO
1 456 197 516
2 454 197 562
3 485 197 676
4 349 133 359
5 208 197 516
6 248 197 516
7 267 197 516
10 58 162 216
1 94 162 242
12 68 133 121
13 100 133 179
15 161 139 119
16 137 u7 53
i8 134 157 51
19 142 157 73
20 72 129 32
21 103 129 50
23 56 180 66
25 62 144 52
50
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Table 6. Comparison of ultimate tendon stress and ultimate moment with code, proposed equation and test result

(Unit : MPa, kKN—-m)

Afys, predicted Afps, prediciea ! fos, test Mpredicted Mpredicted | Mhest
D | A e Propo§ed ACT AA- Propqsed ACT AA- Mies Propo§ed ACI AA- Propoged ACT AA-
equation SHTO | equation SHTO equation SHTO | equation SHTO
1 456 380 197 1 Sle 0.83 0.43 1.13 992 701 625 758 0.71 0.63 | 0.76
2 454 426 197 562 0.94 0.43 1.24 882 684 589 | 740 0.78 0.67 | 0.84
3 485 544 197 | 676 112 0.40 139 753 652 508 | 706 0.87 0.67 | 094
4 349 290 133 359 0.83 0.38 1.03 1103 784 654 | 840 0.71 059 | 0.76
5 208 215 197 | 516 1.03 094 | 248 757 633 625 758 0.84 0.83 | 1.00
6 248 311 197 516 125 079 | 2.08 992 673 625 | 758 0.68 0.63 | 0.76
7 267 405 197 516 1.52 0.74 1.93 930 712 625 | 757 0.77 0.67 | 0.81
10 58 95 162 | 216 1.64 2.81 3.75 465 414 423 | 430 0.89 091 | 092
11 94 103 162 | 242 1.09 173 | 257 310 323 331 341 1.04 1.07 | 110
12 68 69 133 121 1.02 1.97 1.79 437 414 421 420 0.95 0.96 | 0.96
13 100 85 133 179 0.85 133 1.79 281 290 296 | 302 1.03 1.05 | 107
15 161 85 139 119 0.53 087 | 0.74 157 127 130 129 0.81 0.83 | 082
16 137 59 117 53 0.43 0.86 | 0.39 201 156 158 155 0.77 078 | 0.77
18 134 65 157 51 0.49 117 0.38 124 87 88 87 0.70 0.71 0.70
19 142 76 157 73 0.54 1.10 | 0.51 88 65 66 65 0.74 0.75 | 0.74
20 n 56 129 32 0.77 179 | 044 115 76 76 75 0.66 0.66 | 065
21 103 65 129 50 0.63 126 | 048 79 57 58 57 0.73 0.74 | 0.72
23 56 52 180 66 0.92 322 1.19 318 602 609 | 602 1.89 191 | 1.89
25 62 49 144 52 0.80 232 | 084 565 631 637 | 631 1.12 L13 | 112
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