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Flexural Properties and Section Determination
of Prestressed Reinforced Concrete Beams

Hideo Yoxomicur Yoshio Kakuta  Nobuyuki TAKADA

Abstract

The term “Prestressed Reinforced Concrete (PRC)” as used by the authors may be
defined as reinforced concrete into which limited prestressing forces are introduced in
order to improve its limit-state properties under working loads. In the present study the
flexural characteristics of PRC beams are investigated and the method of section deter-
mination of the beams is proposed. The important points of this paper are as follows.

The stresses and deflection of PRC beams can be calculated by the elastic theory in
so-called State 1 or State 11, as seen in Fig. 1-3.

The plastic theories for prestressed concrete beams developed by Fujita are also
applicable to PRC beams for the prediction of cracking and ultimate moments. Tab. 3
shows the comparison of the observed values of ultimate moment in PRC test beams
with the calculated ones.

The formulas for the calculation of maximum crack widths in reinforced concrete
beams, proposed by the authors, are also valid for PRC beams, as may be seen in Tab. 1.

Theoretical decompression in PRC beams is found to be effective as a limit of closing
of crack widths under static loads as well as repeated loads. Tab. 2 shows the maximum
residual crack widths observed in the static tests of PRC beams. Fig. 4-8 shows the
cracking behavior of PRC beams subjected to high repeated loads.

The calculation of the safety factor of PRC beams against fatigue failure can be
made in the same manner as that of RC beams, by using the values of stresses of
reinforcing bars calculated in so-called State I1I. Fig. 9 shows the comparison of Wohler’s
curve for fatigue failure of reinforcing bars in PRC beams with that in RC beams. Fig.
11-13 show the effectiveness of prestressing in improving the serviceability limit states of
PRC beams such as decompression, cracking, crack widths and fatigue strength.

The methods of the section determination of PRC beams under the requirement of
safety against various limit states, are proposed. The effective depth of the section is
determined by eq. (5). The total area of reinforcing and prestressing bars is to be deter-
mined by eq. (10). The ratio of the area of prestressing bars to that of reinforcing bars
is to be determined by eq. (13) {rom the requirement for decompression limit state, by eq.
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(13) or (17) from cracking requirement, or by eq. (19) from the requirement for maximum
crack widths or safety against fatigue failure of reinforcing bars. In the case of con-
sidering safety against fatigue failure of prestressing bars, the areas of steels and initial

tensioning stresses of prestressing bars are to be determined by eq. (10), (19) and (12).
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Table 1. Maximum crack widths in PRC beams at 60%
of the ultimate load

Beam No. observed values of wmax calculated values of wmax cale.fobs.
‘ (mm) (mm) B
201 | 0.147 | 0.128 | 0.87
202 0.132 i 0.136 1.03
203 0.042 0.048 5 1.09
204 0.174 0.209 1.20
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Table 2. Residual crack widths in PRC beams at
theoretical decompression
maximum crack widths residual crack widths at kind of reinforcing
Beam No. before unloading decompression bars g
(mm) (mm)
201 0.127 0.033 deformed
202 0.114 0.038 »”
203 0.220 0.057 »
204 0.062 0.025 ”
205 0.206 0.043 ”
210 0.131 0.048 round
211 0.104 0.036 »
212 0.043 0.021 .
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Table 3. Ultimate moments of PRC beams

restressin compressive | observed values |calculated values
B No p rati g strength of of ultmate of ultimate bs.jcal
cam : 0 concrete | moment moment obs.jcalc.
(kg/cm?) | (tm) (tm)
201 0.35 350 6.03 5.98 1.01
202 0.35 397 6.30 6.14 i 1.03
203 0.48 ‘ 346 4.05 4.22 ' 0.96
204 0.53 295 o 4.10 —
205 0.22 324 8.95 8.69 1.03
210 0.57 325 3.73 3.78 0.99
211 0.57 355 4.00 3.89 1.03
212 0.58 298 [ 3.60 3.79 0.95
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