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516 Statically Indeterminate Structures Chap. 10

Step 8: Check the reserve of strength after cracking. '
The ACI Code requires that ¢M,, exceeds 1.2M, where M., is calculated on the
basis of the modulus of rupture

fr=151!
=7.5/4500
=503 psi (3.47 MPa)

The moment to cause a tensile stress of 503 psi (3.47 MPa) on the top surface at B
can be calculated from the stresses given in Table 10-3 as

9 — 1258 + Mer
303 = —479 ~ 12 x 207/6
Hence
M,, = 1792 in.-kips/ft = 149 ft-kips/ft (664 kNm/m)

Thus, at B, .

My, = 24 =1.66 > 1.20

M. 149
Hence post-cracking capacity is adequate.

Similarty, at D,
M, = Ll =1.59 > 1.20
M, 146

Step 9: Check the deflections at service loads. ‘ .
Although some cracking is predicted to occur at support B under full service loading,
we will first estimate the deflections by neglecting the influence of this Cracl'(mg. As there
are no partitions in this assembly hall, only the immediate deflection due to live load needs
to be checked. ' .
For a two-span continuous beam, the maximum deflection due to loading one span
s 4 3
Fowt 1.6 x0.100 x 647 x 12
T IBSEI 185 x 3824 x 12 x 203/12

A =0.82 in. (21 mm)

As the maximum permissible deflection for live load is £/360 = 65 x 12/360 = 2.17 in.
(55 mm) the deflection due to live load will not be critical, Cracking over the support .w111
cause a local reduction in stiffness, but as the midspan deflections are influenced mainty

by the stiffness in the span, cracking only over the support will cause no more than a 15%
increase in midspan deflections.
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10.15 INFLUENCE OF RESTRAINT MOMENTS ON LOAD DISTRIBUTION AT ULTIMATE

A number of engineers have argued that while it is appropriate 1o include the restraint mo-
ments due to prestress when checking service load conditions, these “secondary” moments
should be ignored when checking overload capacity (“ultimate loads™). It is contended
that once the member has cracked, the calculated restraint moments have no relation to
reality.

Figure 10-53 illustrates the manner in which the support moment for the two-span,
continuous slab, designed in Section 10.14, increases as the uniform load on the slab
increases. Three predicted relationships are shown in the figure: an elastic analysis includ-
ing the prestress restraint moments, an elastic analysis neglecting these restraint moments,
and a nonlinear analysis which accounts for the influence of concrete cracking and ma-
terial nonlinearities. This nonlinear analysis was performed using the compulter program
TEMPEST, developed by Vecchio (Ref, 10-7).
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Figure 10-53  Predicted magnitude for the moment at support B.

From Fig. 10-53 it can be seen that including the influence of restraint moments
resulted in an elastic analysis which gave values closer to those of the more sophisticated,
nonfinear analysis. Figure 10-53 also shows that considerable redistribution can occur prior
to failure. That is, the moment over the support may increase at a slower rate, while the
moment in the span increases at a faster rate, The ACI Code permits allowance to be made




518 Statically Indeterminate Structures Chap. 10

for such redistribution. Thus the one-way slab considered could be designed for a support
moment which is reduced by

! i

percent = 6.8%
0.364,

2001 —

provided that an appropriate increase is made in the corresponding monlaents in the Spgn.
Note that a redistribution of considerably more than 6.8% vyould be required to reduce the
elastic moments, calculated ignoring restraint, to the “nonhnear.”‘vaiues.

It is true that an elastic analysis based on uncracked stiffness values‘ can 1.f:ad to
unrealistically high values of restraint moments, particularly for.thosef cases i.nvoivmg the
restraint of axial deformations {see Section 10.10}. Howt.:ver, tljns deficiency in the elastic
analysis does not justify neglecting the presence of restraint actions. Such a neglect W(?i‘ll-d
violate the code limitations on allowable amounts of redistrlbut.ton. To obtain more realistic
estimates of the restraint moments, either a nonlinear analysis can bF performed, or the
flexural stiffnesses of the members can be reduced to allow for cracking.
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Demonstration Problems

10-1 The cast-in-place concrete frame shown in Fig. 10-54 is composed of rectangular members
10 > 20 in. (254 % 508 mm) in cross scction, When the three Frictionless tendons are post-
tensioned to a force of 200 kips (890 kN), what will be the values of the restraint actions
induced at the supports? What will be the horizontal deflection of point A due to stressing of
the tendons? Assume that £, = 4000 ksi (27 600 MPa).
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Figure 10-54  Cast-in-place, post-tensioned frame,

10-2 Determine the fixed-end moments caused by post-tensioning the four members shown in
Fig. 10-55.




