












tal bonded and unbonded reinforcement supplied 
should also satisfy flexural design strength require. 
ments without exceeding the limiting ratio of pre- 
stressed and nonprestressed reinforcement of ACI 3 18, 
Section 18.8.1 

A, = 0.004A (18-6) 

where 

A ,  = area of nonprestressed tension reinforce- 
ment, in.' 

A = area of that part of cross section between 
flexural tension face and center of grav- 
ity of cross section, in.2 

3.2.2 Tendon spacing-The minimum bonded rein- 
forcement requirements for one-way slabs under cur- 
rent code provisions, as discussed previously, typically 
result in the use of #4 bars (12.7 mm diameter) at 21 in. 
(533 mm) centers for both positive and negative mo- 
ments for a 4% in. (114 mm) thick slab. For an 8 in. 
(203 mm) deep one-way slab, #4 bars (12.7 mm diame- 
ter) are required at about 12 in. (305 mm) centers; 
larger bars are required at somewhat wider spacings. In 
consideration of this amount and spacing of bonded 
reinforcement, maximum tendon spacings in the range 
of six to eight times the slab thickness are recom- 
mended for one-way slabs, without the additional re- 
striction of a minimum prestress level of 125 psi (0.86 
MPa) specified for two-way slabs in Section 3.3.5. 

3.2.3 Minimum stirrups-A minimum amount of 
stirrup reinforcement is necessary in all post-tensioned 
joists, waffle slabs, and T-beams to provide a means of 
supporting tendons in the tendon design profile. When 
tendons are not adequately supported by stirrups, local 
deviations of the tendons from the smooth parabolic 
curvature assumed in design may result during place- 
ment of the concrete. When the tendons in such cases 
are stressed, the deviations from the intended curvature 
tend to straighten out, and this process may impose 
large tensile stresses in webs of post-tensioned beams, 
joists, or waffle slabs. 

Severe cracking has been observed in several in- 
stances where no stirrups were provided. Unintended 
curvature of the tendons may be avoided by securely 
tying tendons to stirrups that are rigidly held in place 
by other elements of the reinforcing cage. For bundles 
of two to four monostrand tendons, ties to a minimum 
of No. 3 (9.5 mm diameter) stirrups at 2 ft 6 in. (0.76 
m) centers are suggested, and for bundles of five or 
more monostrand tendons, ties to a minimum of No. 4 
stirrups (12.7 mm diameter) at 3 ft  6 in. (1.07 m) cen- 
ters are recommended. This amount and spacing of 
stirrups is recommended even when the magnitude of 
the shear stress is such that no stirrups are required un- 
der the provisions of Section 11.5.5 of ACI 318. In 
most cases, closer stirrup spacings will be required to 
satisfy the shear reinforcement requirements of ACI 
318. 
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Fig. 3.1-Details f o r  use of unbonded tendons as 
shrinkage and temperature reinforcement in one-way 
beam and slab construction 

3.2.4 Prestressed shrinkage and temperature rein- 
forcement-In Section 7.12 of ACI 318, prestressed 
shrinkage and temperature reinforcement may be used 
that has a minimum average compressive stress of at 
least 100 psi (0.7 MPa) on the gross concrete area using 
the effective stress in the prestressing steel, after losses, 
in conformance with Section 18.6 of ACI 318. 

In monolithic cast-in-place post-tensioned beam and 
slab construction, the portion of a slab that is used as 
a beam "flange" should satisfy the minimum rein- 
forcement requirements of Chapter 18 of ACI 318 ap- 
plicable to the beam. In addition, in positive moment 
areas, the slab should meet the requirements of Section 
7.12 of ACI 318 unless a compressive stress of 100 psi 
(0.7 MPa) is maintained under prestress plus dead load. 
In the central region of the bay between beam flanges, 
additional tendons should be used to provide 100 psi 
compression (0.7 MPa) in the portion of the slab that 
is not used as a part of the beam. Tendons used for 
shrinkage and temperature reinforcement should be 
positioned vertically as close as practicable to the cen- 
ter of the slab. In cases where shrinkage and tempera- 
ture tendons are used for supporting the principal ten- 
dons, variation from the slab centroid is permissible. 
However, the resultant eccentricity of the shrinkage and 
temperature tendons should not extend outside the kern 
limits of the slab. Fig. 3.1 illustrates details for the use 
of unbonded tendons as shrinkage and temperature re- 
inforcement in one-way beam and slab construction. 

3.2.5 T-beam flange width-The effective flange 
width of post-tensioned T-beams in bending may be 
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bonded tendons in one-way slabs, two-way flat plates, 
and flat slabs with higher span-depth Until a 
generally acceptable formula is developed, the capacity 
of one-way slabs, flat plates, and flat slabs should be 
calculated using ACI 318 formula [Eq. (18-5)] for de- 
sign stress in unbonded tendons 

Post-tensioning 
tendon material 

(18-5) f: f, (psi) = f, + 10,000 + __ 
300 pP 

Prestress loss, psi 
Slabs 1 Beams and joists 

f, (MPa) = f, + 70 + ~ ’ (18-5) SI 
300 pP 

Stress-relieved 270k 
strand and stress- 
relieved 240k wire 

In applying Eq. (18-4) and (18-5) just shown, an av- 
erage of values calculated at positive and negative mo- 
ment sections along the element should be used as the 
design value. Eq. (18-4) in ACI 318 satisfactorily rep- 
resents the stress in unbonded tendons at design loads 
for beams and other members with span-depth ratios 
up to 35.2‘ 

30,000 35,000 

3.5-Prestress losses 
Prestress losses, considering the factors noted in Sec- 

tion 18.6 of ACI 318, should be calculated by the 
design engineer and stated on the design drawings. 
Articles have been published that make it possible to 
calculate reasonably accurate values for the various 
code-defined sources of  loss without excessive ef- 

For typical applications, the values of prestress 
loss given in Table 3.1 may be used in lieu of more de- 
tailed loss calculations. The loss values in Table 3.1 are 
based on use of normal weight concrete and on average 
values of concrete strength, prestress level, and expo- 
sure conditions. 

Prestress losses may vary significantly above or be- 
low the values in Table 3.1 in cases where the concrete 
is stressed at low strengths, where concrete is highly 
prestressed, or in very dry or very wet exposure condi- 
tions. The loss values in Table 3.1 do not include losses 
due to friction or anchor seating losses. Design calcu- 
lations should consider friction losses in accordance 
with Section 18.6.2 of ACI 318. Some portion of the 
friction loss can usually be offset by use of temporary 
initial tendon stresses in excess of 0.70&.. Special con- 
sideration should be given to friction losses whenever 
tendons in excess of 100 ft (30.5 m) long are stressed 
from only one end. 

For calculation of friction losses for greased un- 
bonded strand tendons in plastic sheathing using the 
formulas in Section 18.6.2 of ACI 318, the friction fac- 
tor p,  usually ranging from 0.05 to 0.25, and the wob- 
ble factor K ,  usually ranging from 5 to 15 x lo-‘ /ft 
may be used for design calculations. It may be neces- 
sary to obtain more precise values for the friction-fac- 
tor and wobble-factor coefficients to calculate tendon 
elongations during stressing to conform with the 7-per- 
cent tolerance specified in Section 18.18.1 of ACI 318 
for comparing tendon force as measured by gage pres- 
sure and tendon elongation. 
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Table 3.1 - Approximate prestress loss values8 

20,000 25,000 

Low-relaxation 
270k strand 15,000 20,000 


















