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Prediction of Prestressing Steel Stress at Ultimate State of
Prestressed Concrete Members with External Unbonded Tendons
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ABSTRACT

The external. unbonded prestressed concrete(PSC) members exhibit very different
structural behavior from that of internal bonded PSC members because of eccentricity
change and slip occurrence during loading process. The purpose of the present study is to
propose the ultimate failure stresses of prestressing(PS) steels for those external
unbonded PSC members. To this end. a comprehensive analysis has been made using the
nonlinear finite element analysis program developed recently for external unbonded PSC
members by authors. A series of major influencing variables have been included in the
analysis. [t was found that the span~depth ratio, neutral axis depth-effective depth ratio,
load geometry, amount of ordinary steel, and prestressing steel ratio have great influence
for the ultimate failure stress of PS steel in external unbonded PSC members. The
prediction equation for ultimate PS steel stress is proposed and is compared with
experimental data as well as existing formulas for internal unbonded members. The
Comparison indicates that the proposed equation agrees relatively well with experimental
data and that existing formulas including ACI and AASHTO equations shows some
discrepancies from experimental ones. The present study allows more realistic analysis
and design of prestressed concrete structures with external unbonded tendons.

Keywords : Prestressed Concrete. External Unbonded Tendon, Ultimate Flexural Behavior,
Ultimate Tendon Stress, Change of Kccentricity, Deviator.
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Fig. 1 Effect of eccentricity change of PSC
members with external unbonded tendons
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Table 3 Coefficients for prediction equation Eq. (24), (25)

) Corr.
Load type Deviator a, as coeff.
30t loadin with deviators | 0053 | 6 | 095
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f ps. predicted f o5, predictea I F ps. test
S .1t | PLOBOSED | proposed Pb"é’s?éﬁd a0 | anskTo | e | Proposed pE)Oé)sci)Sﬁd ACI | AASHTO
comp. squation equation comp. equation eguation
Slr(;g;"‘g:;bn 1667 1653 1630 1572 | 1555 | 1688 099 098 094 |093]| 101
str;g;"‘f;:ébn 1647 | 1680 | 1643 | 1566 |1455| 1602 | 102 | 100 | 095 |os| o097
dr;;g:"‘;‘:ébn 1243 | 1503 | 1051 92 | 54| 95 | 121 085 | 074 | o048 | 080
Stri;;’;"'gggon 1665 | 1670 | 163 | 1550 | 1440 | 1500 | 100 | 098 | 094 |08 | 095
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