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Overestimation of Ultimate Tendon Stress in a Prestressed
Concrete Beam with Unbonded Tendons
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ABSTRACT

The present study is to examine the ACI code equations for computing the unbonded
tendon stress at flexural failure of prestressed beams. The equations examined for their
validity are Eq. 184 and Eq. 185 of the ACl 318-95. Since the possibility of
overestimation was expected with the equations, a numerical study, first, was carried out
with influential variables included. From this study, it was found that amount of
reinforcements. effective prestress. location of tendons, and loading type may affect the
overestimation of the unbonded tendon stress. Then, an experimental study was carried
out with those variables. A total of 8 specimens was tested to prove the theoretical
findings as well as the effect of those variables. As a result, it was proven that the ACI
Code equations can overestimate significantly the unbonded tendon stress for certain
cases.

Keywords : ACI Code equations, overestimation of tendon stress, prestressed concrete,
unbonded tendon
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Table 1 Specimen list

w P L/dp | dplem) | dylcm)
A-1 0.252 1 0.00107 | 20.5 18.5
A-2 1 0.237 ] 0.00092 | 17.7 21.5
B-1 0.27 10.00160| 20.5 18.5
B-2 | 0.252 | 0.00138 17.7 21.5

C-1 0.286 | 0.00214 | 20.5 18.5 24.5
c-2 0.27 10.00184 | 17.7 21.5 |
D-1 0.288 | 0.00268 | 20.5 18.5
D-2 | 0.284 10.00231 | 17.7 21.5
*NOTE :
20cm D @ 30cm L : 380cm

Loading Type : l-point Loading

Tendon profile : Straight

fou © 1860MPa Grade  fu @ 0.7fp

fpy ¢ 1636MPa

f. 1 34.34MPa fy © 420MPa Grade

?6 @ 0.1982cr(3-wire mono - strand)
D10 @ 0.71cr(Deformed bar)
D13 : 1.27ct(Deformed bar)
A" 1 2-D10 As ¢ 8-D13

38m

01m m P _ 1.9m [ ,.0lm
2ea D10 | |
Load Cell Z g % g Z

2ea-$6

4ea-D13 (3-wire mono-strand:

4ea-D13
b=20cm Ei

~——~I¥
d bars)

A=2ca-D10(Dcf

stirrupsD10@200 ﬁ 28 g

ME

tendon 2ea-¢ 6 __‘jj N
As=8¢a-D13(Deformed bars) _.//L_fmi :

Fig. 4 Details of specimen
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Table 2 Comparison of tendon stress

Experiment Compatibility ACI AASHTO LRFD Moon/Lim
Specimens (MPa) (ratio to Exp.) (ratio to Exp.) (ratio to Exp.) (ratio to Exp.)
fos Afps fos Afps fos Afps fos Afps fos Afos
A-1 1548 218 0.96 1.00 .11 1.77 0.89 0.47 0.89 0.47
A-2 1422 119 1.0 0.82 1.2 3.19 0.95 0.74 0.96 0.64
B-1 1492 189 0.94 0.76 1.1 1.61 0.92 0.36 0.92 0.40
B-2 1421 117 1.04 1.00 1.1 2.75 0.95 0.70 0.97 0.65
C-1 1449 146 1.0 0.96 1.2 1.70 0.96 0.43 0.97 0.52
C-2 1380 77 1.0 1.00 1.05 3.36 0.93 0.95 0.95 0.99
D-1 1431 128 1.0 1.00 1.1 1.67 0.97 0.43 1.00 0.60
D-2 1366 95 0.96 1.08 1.03 2.35 0.95 0.70 0.96 0.80
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